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Wellcovorin Tablets are dramatically improving the way 
patients are rescued. Often discharged from the hospital 
earlier, more patients are completing their therapy on an 
outpatient basis and 
returning to a more 
normal, comfortable 
lifestyle sooner. 
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WELLCOVORIN TABLETS 


(leucovorin calcium) 


For thousands of patients, Wellcovorin Tablets have provided the 
critical blood levels needed for life-saving rescue. The unique 
formulation of Wellcovorin Tablets has been shown to be completely 
bioavailable in a bioavailability study of 120 normal volunteers.’ 


Blum, Guaspari, et al: NCI Folate Symposium, Jan. 1986 


Wellcovorin Tablets have reduced the cost of leucovorin rescue 
significantly. Before Wellcovorin Tablets, the cost of leucovorin 
increased rapidly and consistently every year. Now, patients pay 
less for Wellcovorin Tablets, and often realize considerable 
savings from a reduction in hospital stays and clinic visits. 


For greater flexibility in oral dosing, Wellcovorin Tablets are 
available in two sizes: 5 mg (scopéd, botfles of 20 or 100) and 
25 mg (scored, bottles of 25). /<> \ 
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WELLCOVORIN TABLETS 


(leucovorin calcium) 


Leucovorin in convenient 
5 mg and 25 mg tablets 


Before prescribing WELLCOVORIN?® Tablets, please consult 
complete prescribing information. The following is a brief 
summary. 

INDICATIONS AND USAGE: Wellcovorin (leucovorin 

calcium) is indicated for the prophylaxis and treatment of un- 

desired hematopoietic effects of folic acid antagonists (see 

WARNINGS). 

CONTRAINDICATIONS: Leucovorin is improper therapy 

for pernicious anemia and other megaloblastic anemias 

secondary to the lack of vitamin Bz. A hematologic remission 
may occur while neurologic manifestations remain 
progressive. 

WARNINGS: In the treatment of accidental overdosage of 

folic acid antagonists, leucovorin should be administered as 

promptly as possible. As the time interval between antifolate 
administration (e.g. methotrexate) and leucovorin rescue 
increases, leucovorin’s effectiveness in counteracting hema- 
tologic toxicity diminishes. 

PRECAUTIONS: 

General: Following chemotherapy with folic acid antag- 

onists, parenteral administration of leucovorin ts preferable 

to oral dosing if there is a possibility that the patient may 

vomit and not absorb the leucovorin. In the presence of perni- 
cious anemia a hematologic remission may occur while 
neurologic manifestations remain progressive. Leucovorin 
has no effect on other toxicities of methotrexate, such as the 
nephrotoxicity resulting from drug precipitation in the kidney. 

Drug Interactions: Folic acid in large amounts may counter- 

act the antiepileptic effect of phenobarbital, phenytoin and 

primidone, and increase the frequency of seizures in suscep- 
tible children. 

Pregnancy: Teratogenic Effects: Pregnancy Category C. 

Animal reproduction studies have not been conducted with 

Wellcovorin. It is also not known whether Wellcovorin can 

cause fetal harm when administered to a pregnant woman or 

can affect reproduction capacity, Wellcovorin should be given 
to a pregnant woman only if clearly needed. 

Nursing Mothers: It is not known whether this drug is ex- 

creted in human milk. Because many drugs are excreted in 

human milk, caution should be exercised when Wellcovorin 
is administered to a nursing mother. 

Pediatric Use: See “Drug Interactions”. 

ADVERSE REACTIONS: Allergic sensitization has been 

reported following both oral and parenteral administration of 

folic acid. 

OVERDOSAGE: Excessive amounts of leucovorin may 

nullify the chemotherapeutic effect of folic acid antagonists. 

DOSAGE AND ADMINISTRATION; Leucovonn is a spe- 

cific antidote for the hematopoietic toxicity of methotrexate 

and other strong inhibitors of the enzyme dihydrofolate reduc- 
tase. Leucovorin rescue must begin within 24 hours of anti- 
folate administration. A conventional leucovorin rescue 
dosage schedule is 10 mg/m’ orally or parenterally followed 
by 10 mg/m’ orally every six hours for seventy-two hours. If, 
however, at 24 hours following methotrexate administration 
the serum creatinine is 50% or greater than the pre-metho- 

trexate serum creatinine, the leucovorin dose should be im- 

mediately increased to 100 mg/n¥ every three hours until the 

serum methotrexate level is below 5 x 106M)! 

The recommended dose of leucovorin to counteract hemato- 

logic toxicity from folic acid antagonists with less affinity for 

mammalian dihydrofolate reductase than methotrexate (i.e. 

trimethoprim, pyrimethamine) is substantially less and 5 to 15 

mg of leucovorin per day has been recommended by some 

investigators 7.4.5 
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THIS SPACE CONTRIBUTED AS A PUBLIC SERVICE 


You can help us 
raise the colorectal 
cancer cure rate. 





“Ifeveryvone over 50 had 
checkups for colorectal 
cancer, the cure rate could be 
as high as 75%, says Dr. 
LaSalle D. Leffall, Jr., past 
president, American Cancer 
Society. “You can't cure it if 
you don't know you have it. 
But if its detected early, the 
cure rate for colorectal cancer 
is very high. Your doctor can 
perform the digital and 
proctoscopic exams, and you 
take care of the simple stool 
blood test at home. 

Since men and women are 
equally affected by this disease, 
we urge everyone over 50 to 
get regular checkups. 

The warning signs for 
colorectal cancer are a change 
in bowel habits and blood in 
the stool. 

People with a family history 
of colon or rectal cancer or 
ulcerative colitis are at higher 
risk and are urged to be 
doubly cautious. 


Checkup Guidelines for 
men and women over 50 
without symptoms: 

* digital exam annually 


* stool blood test annually 

* procto exam every 3 to 5 
years after 2 negative tests 
l year apart. 





No one faces 
cancer alone. 
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* ‘hrombotic 
a 1d Bleeding 
E sorders 


American Diagnostica, Inc. offers an 
array of innovative products for the 
Study and diagnosis of thrombotic and 
bleeding disorders: 








tissue 
thromboplastin 
PGi2 
ADP 
TxA2 


Platelets 


t its and methods for Protein C 
antigen and functional activity assay 
in plasma; reagent for Protein S 
determination 


its for t-PA antigen, activity and 
inhibitor assay in plasma 





Standardized third generation a 
chromogenic substrates for faen 
coagulation factor, heparin, Protein C, exposure 
kallikrein and endotoxin assays 





tissue 
plasminogen 
activator 


1 
onoclonal antibody based kits for 
determination of soluble cross-linked ETET, 
fibrin fragments in plasma and serum 


i Donocionat antibody panels to 
hemostasis related antigens; activator 
and coagulation factor zymogens, 
enzymes and inhibitors 


for information contact: 
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AMERICAN DIAGNOSTICA, INC. 111 North St./ Greenwich, CT /06830 In Canada: Inter-Haematol Inc. 3524 Mainv 
903-661-4331/TLX:221034 AMER UR Burlington, Ont. L7M 1A8, Tel. 416/335-30( 
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DIAGNOSTIC 


UST BE 


Back when there was little to choose 
rom in the way of highly specialized 
eukemia ce'l markers, such studies 
ere long and tedious. Not to men- 
ion expensive. Although TdT inves- 
igation is still not as convenient as 
some other cytochemical! studies— 
Sigma Diagnostics new TdT kit 
effectively reduces benchwork, while 
ielding slides with superior staining 
haracteristics. 
EASY straightforward reactions 
ith a minimum of steps for optimal 
enzyme identification. 
BRIGHT AND CLEAR visualization 
bf TdT-positive cells achieved by a 
nique reaction sequence. 


HIGH AVIDITY MONOCLONAL 
REAGENT assures location of all 
nuclear TdT, while eliminating indis- 
criminate cellular interactions 

HIGHLY SENSITIVE streptavidin- 
biotin immunoperoxidase reaction en- 
hances total TdT detection. 

FASTEST PROCEDURE coupling 
rapid fixation with shortened incuba- 
tions and rinsing. 

LESS COSTLY because of time- 
Saving techniques and more reagent 
for 50% more slides. 


For research only; not for use in 
diagnostic procedures. 
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e Virtually all patients benefit: 
89% improved, 11% 
stabilized. 


e Effective in all stages of 
disease. 


The Roferon-A multicenter study consisted of 96 patients, all of 
whom were evaluated for safety. Seventy-five patients were 
evaluable for efficacy, Of these, 57 had pnor splenectomy and 
18 had not; many were pancytopenic and transfusion-depen- 
dent. Of the 21 patients not evaluable for efficacy, 16 were not 
on drug long enough for efficacy evaluation at the time of data 
analysis, 2 were removed for administrative reasons, and 3 
were removed for preexisting intercurrent illness 


*Multicenter Study, Data on file, Hoffmann-La Roche Inc., Nutley, NJ 


<> Leading the way in biotherapeutics 


Copyright © 1987 by Hoffmann-La Roche Inc. All rights reserved 
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_ Interferon alfa-2a, recombinant/Roche 
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CNS function. 

Because of the possibility of severe or even fatal adverse reactions, 

inform patients of both benefits and risks. 

Use with caution in patients with cardiac disease or any history of cardiac 

iliness. No direct cardiotoxic effect has been demonstrated, but itis likely 

that acute, self-limited toxicities (/.¢., fever, chills) frequently associated 

with administration may exacerbate preexisting cardiac conditions. 
Rarely, myocardial infarction has occurred. 

Exercise caution in administration to patients with myelosuppression. 

CNS adverse reactions included decreased mental status, exaggerated 

CNS function, dizziness. More severe obtundation and coma rarely 

observed. Most of these abnormalities were mild and reversible within 

a few days to three weeks upon dose reduction or discontinuation of 

therapy. Careful periodic neuropsychiatric monitoring of all patients 


~ Tecommended. 


_’ Leukopenia and elevation of hepatic enzymes occurred frequently but 

` were rarely dose-limiting. Thrombocytopenia occurred less frequently. 

` Proteinuria and increased cells in urinary sediment were also seen intre- 
quently. aro significant hepatic, renal and myelosuppressive toxicities 
were noted. 
PRECAUTIONS: General: When considering for chemotherapy, evaluate 
need and usefulness of the drug against risk of adverse reactions. Most 
= adverse reactions are reversible if detected early. If severe reactions 
x decur, reduce dosage or discontinue drug and take appropriate corrective 

“measures. Reinstitute therapy with caution and with adequate consider- 

pepo of the further need for the drug and alertness to possible recurrence 

toxicity. 
The minimum effective dose in hairy cell leukemia not established. 
Information tor Patient: Caution patients not to change brands of 
interferon without medical consultation, as a change in do may 
result. inform patients regarding potential benefits and risks. If home use 
is desirable, give instructions on appropriate use, including review of the 
Patient information Sheet. Patients should be well hydrated, especially 
during initial stages of treatment. 
Laboratory Tests: Complete blood counts and liver function tests should 
be performed prior to therapy and at appropriate periods during therapy. 
Since responses are not generally observed for one to three months 
after treatment initiation, very careful monitoring for severe depression of 


`: blood celt counts is warranted during the initial phase. 


Patients who have preexisting cardiac abnormalities and/or are in 
-advanced stages of cancer should have electrocardiograms taken prior 


ae to. and during treatment. 


Carcinogenesis, Mutagenesis and Impairment of Fertility: Carcino- 
grens: Roferon-A has not been tested for carcinogenic potential. 
utagenesis: A. internal studies. Ames test results revealed no evidence 
of mutagenicity. Human lymphocyte cultures were treated in vitro at 
noncytotoxic concentrations. No increase in chromosomal damage noted. 
B. Published studies. No published studies on mutagenic potential. How- 
ever, a number of studies on the genotoxicity of human leukocyte inter- 
feron have been reported. A chromosomal defect has been reported 
after the addition of human leukocyte interferon to lymphocyte cultures 
from a patient suffering from a lymphoproliferative disorder. Other studies 
have failed to detect chromosomal abnormalities following treatment of 
lymphocyte cultures from healthy volunteers with human leukocyte 
interferon. Protection from chromosomal aberrations produced by 
| te rays observed in primary chick embryo fibroblasts. 
Impairment of Fertility: Nonpregnant female rhesus monkeys treated at 
_ doses of § and 25 million tU/kg/day have shown menstrual cycle irregu- 
<. darities, including prolonged or shortened menstrual periods and erratic 
_.- bleeding; these cycles were considered to be anovulatory. Monkeys 
a. returned to a normal menstrual rhythm following discontinuation of 
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Fiu-like syndromes consisting of fatigue (89%). fever (98%), chills (64%), 
myalgias (73%), headache (71%) occurred in the majority of patients and 
tended to diminish with continuing therapy. Other side effects such as 

anorexia (46%), nausea (32%), emesis (10%), diarrhea (29%), dizziness 






(21%), rash Vont ci € aa arsa ipite of the 
oropharynx (16%), dry skin or pruritus (19%), weight joss 44%} were 
observed with moderate frequency. Less commonly, diaphoresis (8%), 


paresthesias (6%), numbness (6%), partial alopecia (8%), reactivation of 
herpes labialis (8%), transient impotence (6%), arthraigias (5%) were 
also observed. Harely (<3%), CNS effects including decreased mental 
status, depression, visual disturbances, sleep disturbances, nervous- 
ness, as well as cardiac adverse events, reucng hypertension, chest 
pain, arrhythmias, palpitations, were reported. Adverse experiences 
which occurred saroy and may have been related to underlying disease 
included epistaxis, bleeding gums, ecchymosis, petechiae. Miscelia- 
neous adverse events, such as night sweats, urticaria, conjunctivitis, 
inflammation at the site of injection, were also rarely observed. 
Roteron-A has also been evaluated for the treatment of many other types 
of cancer under investigation in the US. These studies generally utilized 
higher doses (12 to 50 million 1U/me2). All of the above adverse reactions 
which occurred in patients with hairy cell leukernia were aiso observed in 
patients receiving higher doses. The incidence of most adverse reactions 
was similar between the two groups, but tended to be more severe in the 
higher dosage group. Additional edverse effects which occurred in these 
patients included confusion (10%), hypotension (6%), lethargy (3%), 
edema (3%). Adverse experiences occurring in less than 1% of these 
patients and observed only in patients with malignancies other than hairy 
cell leukemia ara as follows: GE abdominal fullness, hypermotility, hepa- 
titis; CNS: gait disturbance, poor coordination, hallucinations, syncope, 
Seizures, encephalopathy, psychomotor retardation, coma, stroke, tran- 
sient ischemic attacks, aphasia, aphonia, dysarthria; ysphasia, forge = 
fulness, amnesia, sedation, apathy, anxiety, emotional lability, irritability 
hyperactivity, involuntary movements, claustrophobia, loss of libido; 
Peripheral Nervous System: muscle contractions: Cardiovascular: con- 
gestive heart failure, pulmonary edema, myocardial infarction, Raynaud's 
phenomenon, hot flashes: Pulmonary: bronc . tachypnea: Mis- 
celianeous: excessive salivation, tushing of skin. 

Abnormal Laboratory Test Values: The percentages of abnormal labora- 
tory test values seen in 1019 patients evaluated in overall safety trials 

{including hairy cell leukemia patients) are: Hematologic: leukopenia 
(69%), neutropenia (58%), thrombocytopenia (42%), decreased hemo- 
globin (6.3%), decreased hematocrit (12.5%); mean time to nadir: 
WBC--22 days, platelets—17 days. Hepatic: SGOT (78%), alkaline phos- 
phatase (48%), DH (47%), bilirubin (31%). Renal Urinary: BUN (10%), 
serum creatinine (10%), unc acid (15%), proteinuria (26%). Other Tests: 
nypocalcemia or elevated serum-giucose (39%), elevated serum 
Neutralizing antibodies were detected in approximately 27% of all 
patients (3.4% for hairy cell leukemia patients). No clinical sequelae of 
their presence have been documented. Antibodies may occur spontane- 
ously incertain clinical conditions. 

! GE AND ADMINISTRATION: Hairy Cell Leukemia— The dose of 
Roferon-A is 3 million IU daily for 16 to 24 weeks, administered as an SC 
or iM injection. SC administration ts particularly advisable for, but not 
limited to, thro sytopenic patients (platelet count <50,000) or for 
patients at risk for bleeding. recommended maintenance dose is 
3 million IU; 3 times/week. Dosage reduction by one-half or withholding 
of individual doses may be needed when severe adverse reactions occur. 
The use of doses higher than 3 milion 1U is not recommended. Treatment 
shouid be continued tor 6 months pe ore omorrnining whether to discon- 

onding patients. The optimal duration of treat- 


nined in responding 























Fl, 1OB6 





e 
DroMİÍSe common side efects usuaiiy 


self-limiting and manageable 


& 
Initial side effects, such as fever, chills, myalgias, headache 
and fatigue, are self-limiting and generally manageable. Mye- 


losuppression, which can occur early in the treatment course, 
p. Š warrants close clinical and laboratory observation and is 
Restore quality to life usually alleviated by dose reduction or temporary discontin 
uation of drug. Roferon-A should be used with caution in 
e Performance status greatly improved patients with severe preexisting cardiac disease, severe renal 


: or hepatic disease, seizure disorders and/or compromised 
e 86% of patients gained up to 10% of, central nervous system function. Persistent fatigue is found to 


or maintained, their total body weight be less troublesome with p.m. or h.s. administration 








" SC/IM fixed dosing simple enough 
for self-administration 


Ready-to-Use Injectable Solution 
No mixing or reconstitution necessary 
3 million IU vial (3 million IU/ML) 

18 million IU vial (3 million 1U/0.5 mL) 


A Sterile Powder for Injection 
f \ 18 million 1U vial (3 million 1U/0.5 mL) 
| 3 mL diluent for reconstitution 


Must be refrigerated at temperatures of 36° to 46°F (2° to 
8°C). At no time should Roferon-A Ready-to-Use Injectable 
Solution remain unrefrigerated for more than 24 hours. 
The Sterile Powder for Injection should not remain unre- 
frigerated for more than 48 hours. Once the powder is 
reconstituted, it should be refrigerated and must be used 
within 30 days. Do not freeze or shake. 
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The fourth modality Please see summary of product information on adjacent page 
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Robotic arm holds up to 12 disposable. For positive I.D., the integrated barcode 
minature, syringe-like tips. Each tip has a system reads labels on both tubes and 


quid level sensor for error-free sampling plates, and correlates the data 


E NEW 
aROLAB AL 
-BECAUSE 
SAMPLE PREP 
SHOULDN'T TEST 
YOUR PAI TENCE. 


Graphic-aided software gives you flexibil- 


ity and control to perform multiple tasks 


and methods. Pipetting sequences are 


displayed on the monitor and can be run. 


reviewed or changed 





# 


Whether you're a blood bank, or large 
clinical or research lab, you know that 
sample prep and reagent transfers are 
both time consuming and prone to error. 
In fact, over 50% of the labor in ELISA 
and other microwell plate assays 1s con- 


sumed in just getting samples ready. 
What's worse, any attempt to increase 
throughput usually means a decrease 
in accuracy and precision. 

Unless you have a new Hamilton 
Microlab AT. 

The Microlab AT is an automated, 
multi-tasking sample prep system that 
performs everything from serial dilu- 
tions to multiple transfer operations 
such as sample tO plate, reagent to 


plate, plate to plate, sample plus reagent 
to plate and plate to waste. And thats 
not all! 

[he Microlab AI’s high-speed robo- 
tic arm features 12 miniature, positive 
displacement tips that are washable and 
reusable. The tips can mix, dilute and 
or add reagents. The robotic arm ts fast, 
too, transferring up to 96 samples from 
tubes to plates in under four minutes, 


or 1,200 samples per hour. 


Plus, the integrated bar code system 
scans both tubes and plates to provide 
100% positive I.D. while pipetting. 





Ir must be hard to use, right 
And Hexible. 


contrary, its casy. 


vour IBM or compatible comput 
our unique software, a few kevstro 


will help you create methods fo 


virtually any testing applicatio 
and in the future 

So if sample prep ts testing \ 
patience, then the Microlab Al 
what vou ve been waiting for. S 
a free brochure, Call (SOO) 648 
or (702) 786-7077. Or write Han 
Company, PO. Box 10030, Ret 
Nevada 89520. 
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The measure of excellence 
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If you could look into the eyes of genera- You see, cancer is beatable. The survival 
tions yet to come, you would be there. rate for all cancers is already approaching 50% 

Because immortality lies notin the things in the United States. 
you leave behind, but in the people that your You'll be leaving behind a legacy of life 
life has touched, for good or bad. for others. And that is a beautiful way of living 

By including the American Cancer forever yourself. 


Society in your will, you can have a powerful 
Anp. y po AMERICAN CANCER SOCIETY * 


effect on those who come after you. 





For more information, call your local ACS unit or write to the American Cancer Society, 4 West 35th Street, New York, NY 10001. 
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TWO-COLOR ANALYSIS: 


COULTER HAS THE SOLUTION. 


Our four new dual assays are ideal for reducing preparation and analysis time for 
screening panels in lymphocyte phenotyping. Selected combinations of mono- 
clonal antibodies offer the maximum in clinical relevance, ease of use, and cost 
savings. We have available combinations for enumeration of Tand B cells, helper 
suppressor cells, helper cell subsets, and T3/I3 for the identification of states of 
T lymphocyte activation. 
. OPTIMAL FORMULATIONS: Proprietary manufacturing techniques yield clean 
results with little or no background. 
* CLINICALLY RELEVANT COMBINATIONS: These particular dual color assays 
offer the most clinically relevant combinations. 
* MAJOR TIME SAVINGS: Dual assays reduce overall technical labor time by half. 
¢ READY TO USE: No centrifugation required for these liquid reagents, optimally 
titered and conjugated. 
To order, call 1-800-327-3778 or 1-800-432-6518, Ext. 6880 from Florida. 





© 1987 COULTER CORPORATION. FOR RESEARCH USE ONLY: NOT FOR DIAGNOSTIC OR THERAPEUTIC USE 
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Coagulation Factor Deficient Human Plasma 


@ Substrate Quality @ Fresh Frozen 
@ Stable è Mono-Specific 


COAGULATION DEFICIENCIES AVAILABLE: 


Factor | (Afibrinogenemia) Factor IX 


Factor li Factor X 
Factor V Factor XI 
Factor Vil Factor Xli 
Factor Vill Factor Xili 


Factor VIII Inhibitor 


VonWillebrand Trait 

(Mild and Severe} 
Prekallikrein 
Kininogen (HMW) 
Passovoy Trait 
Protein C 


HEMATOLOGY PRODUCTS AVAILABLE: 


Pooled Normal Plasma 
Assayed Normal Plasma 
Platelet Free Plasma 





Aged Serum 
Adsorbed Plasma 
Coumadinized Plasma 


@ Plasmas are fresh frozen, citrated plasmas drawn from carefully screened HUMAN donors with 
congenital coagulation factor deficiencies. 

@ Shipments are packed in dry ice and usually delivered within 24 hours. 

© Special arrangements are made to ship plasma in required volumes in vials (0.5 to 5.0 mi), in bags or 


on standing orders. 


MAXIMUM QUALITY - MINIMUM COST 
GEORGE KING BIO-MEDICAL, INC 


Toll Free 800-255-5108 


In Kansas 913-469-KING 


11771 West 112th Street, Overland Park, KS 66210 








(zidovudine ) 


Helps patients 
live longer, live better 


New England Journal of Medicine reports 


“TRETROVIR] AZT administration was therefore 
associated with a fourfold-to-sixfold reduction 
in the mortality rates in the study population at 
nine months.”! 


Patients live longer 


me T Sh a x% 


A 90% survival rate was reported for AIDS and ARC 
patients treated with RETROVIR after one year— 
v 50% in a similar group of untreated patients™? 


Patients live better 


Improves patients anil health and 
quality of life’ 


è Significantly reduces symptoms related to HIV 
infection 

e Many patients can resume productive lives 

è Reduces risk and severity of opportunistic infections 


è Improves immune status =. 


Improves patients cognitive status** 

è Produced statistically significant improvements in 
long-term memory, motor function, concentration, a 
and information-processing ability IMPROVING LIVES THROUG! 

5 ANTIV AL BE SE ARCH 


è RETROVIR crosses the blood-brain barrier PR BURROUGHS WELLCOME CO 





Helps patients live longer 


Survival rates for AIDS/ARC patients combised 
at 6, 9, and 12 months'- 


li 


At 6 months At 9 months At 12 months 








Survival Rate 
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*Extrapolated from data of the Centers for Disease Control: Morbidity and Mortality Weekly Report 


Helps patients live better 


Improvement following RE TRE VIR therapy 
demonstrated by positron emission tomography ~* 


PET scans of normal control (1) and patient with HIV-related neuropathy and dementia 
before (2) and after (3) 13 weeks of RETROVIR therapy 





Normal control (1) Patient before Patient following 
RETROVIR therapy (2) RETROVIR therapy (3) 
A homogeneous pattern of glucose metabolism can be seen in the normal control (1) as 


compared with the heterogencous pattern in the patient prior to RETROVIR therapy (2) 
After 13 weeks of treatment, the abnormal pattern has partly resolved (4) 


Guidelines for successful management 
e RETROVIR therapy is generally well tolerated by many patients, particularly 


those with higher T4 cell counts and more intact bone marrow function at the 
start of therapy 


Hematologic monitoring is recommended every two weeks; there is a possibility 
of bone marrow toxicity and subsequent RBC and WBC depression 


Concomitant use of acetaminophen with RETROVIR may potentiate 
granulocytopenia; other drugs that may interfere with RETROVIR metabolism 
should be avoided 





Please see brief summary of prescribing information on last page of this advertisement 


RETROVIR? (zipovupINE) Capsules 






INDICATIONS AND USAGE: Retrovir Capsules are indicated for the management of certain adult patients 
with symptomatic HIV infection (AIDS and advanced ARC) who have a history of cytologically confirmed 
Pneumocystis carinii pneumonia (PCP) or an absolute CD4 (14 heiper/inducer} lymphocyte count of less 
than 200/mm3 in the peripheral blood before therapy is begun. 

This indication is based primarily on the results of a randomized, double-blind, placebo-controlied trial 
conducted at 12 medical centers in the United States in which 281 patients with AIDS or advanced ARC were 
Studied for an average of four and a half months. Additional data have been collected on approximately 80% 
of these patients who have received zidovudine in an open-label extension of this trial for an average of five 
more months. 

The patient population of the controlled trial consisted of 160 AIDS patients (85 Retrovir and 75 placebo) 
who had recovered from their first episode of PCP diagnosed within the previous four months, and 121 ARC 
patients (59 Retrovir and 62 placebo} with multiple signs and symptoms of HIV infection, including 
mucocutaneous candidiasis and/or unexplained weight loss (2: 15 Ibs or > 10% of prior body weight). All 
patients had evidence of impaired cellu‘ar immunity with an absence of delayed cutaneous hypersensitivity 
and a decreased number of CD4 (T4) lymphocytes in the peripheral circulation. Two hundred twenty-one 
(79% of all patients) had fewer than 200 T4 celis/mms at entry (95% of AIDS patients and 57% of ARC 
patients}. All patients began therapy at a dose of 250 mq every 4 hours around the clock. This dosage was 
reduced or temporarily or permanently discontinued if serious marrow toxicity occurred. The trial was 
Stopped because of a significant reduction in mortality before all patients had completed the planned 24 
weeks of treatment. There were 19 deaths in the placebo group and 1 in the Retrovir group (p< 001). All 
deaths were apparently due to opportunistic infections (01) or other complications of HIV infection. 
Treatment duration ranged from 12 weeks to 26 weeks, with a mean and median duration of 17 and 18 
weeks, respectively. 

Retrovir atso significantly reduced the risk of acquiring an AlDS-defining Ot in patients after 6 weeks of 
treatment (p<: .001). In addition, patients who received Retrovir generally did better than the placebo group 
in terms of several other measures of efficacy including performance level, neuropsychiatric function, 
maintenance of body weight and the number and severity of symptoms associated with HIV infection. A 
modest increase in mean CD4 {14} counts was seen in the zidovudine group but the significance of this 
finding is unciear as the CD4 (14) counts declined again in some patients. 

The most significant adverse reaction noted in the study was a depression of formed elements in the 
peripheral blood, which necessitated dose reduction or drug discontinuation in 49 of the 144 (34%) 
patients receiving Retrovir, Of those participants whose baseline CD4 (174) lymphocyte counts were less 
than 200, 47% of those receiving Retrovir and 10% of those receiving placebo developed a granulocyte 
count of <:750/mms, Similarly, 45% of Retrovir recipients and only 14% of placebo recipients had a 25% or 
greater reduction in hemoglobin. (See ADVERSE REACTIONS } 

At the conclusion of the placebo-controlied trial, 127 Retrovir recipients and 100 placebo recipients elected 
to enroft in an uncontrolled extension protocol in which all patients received Retrovir at a dose of 200 mg 
every four hours. This dose was chosen because of concern about cumulative hematologic toxicity and to 
allow for greater flexibility in dosing. Over the subsequent five months, opportunistic infections continued 
to occur and additional patients died in both groups. Sadeen patients from the original placebo cohort died 
after the conclusion of the controlled trial. Four of these 16 never received Retrovir and seven expired 
during the first month of therapy. Ten additional deaths occurred among the original Retrovir recipients. 
With respect to these data. termination of the controlled trial precludes direct comparisons of mortality and 
morbidity between the onginal placebo and drug recipients. Long-term follow-up of these patients, 
however, will allow for examination of the natural history of prolonged zidovudine therapy. 
CONTRAINDICATIONS: Retrovir Capsules are contraindicated for patients who have potentially lite-threat- 
ening allergic reactions to any of the components of the formulation. 

WARNINGS: Zidovudine has been carefully studied in limited numbers of seriously il HiV-intected patients 
treated for a limited period of time. Therefore, the full safety and efficacy profile of zidovudine has not been 
completely defined, particularly in regard to prolonged use, and especially in HIV-infected individuals who 
have fess advanced disease. 

Zidovudine should be used with extreme caution in patients who have bone marrow compromise evidenced 
by granulocyte count < 1000/mm3 or hemoglobin < 9.5 g/dl. In the placebo-controlied study, anemia and 
granulocytopenia were the most significant adverse events observed (see ADVERSE REACTIONS). 
Significant anemia most commonly occurred after 4 to 6 weeks of therapy and in many cases required dose 
adjustment, discontinuation of zidovudine, and/or biood transfusions. Frequent {at least every 2 weeks) 
biood counts are strongly recommended in patients taking zidovudine. If anemia or granulocytapenia 
develops, dosage adjustments may be necessary (see DOSAGE AND ADMINISTRATION). 
Coadministration of zidovudine with other drugs metabolized by glucuronidation should be avoided 
because the toxicity of either drug may be potentiated (see Drug interactions under PRECAUTIONS). 
Zidovudine recipients who used acetaminophen during the controlled trial had an increased incidence of 
granulocytopenta which appeared to be correlated with the duration of acetaminophen use 
PRECAUTIONS: 

General: Zidovudine is eliminated trom the body primarily by renal excretion folowing metabolism in the 
liver (glucuronidation). There are currently no data available concerning the use of zidovudine in patients 
with impaired renal or hepatic function, and such patients may be at a greater risk of toxicity from 
zidovudine. 

Drug Interactions: The interaction of other drugs with zidovudine has not been studied in a systematic 
manner. Coadministration of zidovudine with drugs that are nephrotoxic, cytotoxic, or which interfere with 
RBC/WBC number or function (e.g.. dapsone, pentamidine, amphotericin B, flucytosine, vincristine, 
vinblastine, adriamycin, or interferon) may increase the risk of toxicity. Limited data suggest that probene- 
cid may inhibit glucuronidation and/or reduce renal excretion of zidovudine. in addition, other drugs (e.g. 
acetaminophen, aspirin, or indomethacin) may competitively inhibit glucuronidation (see WARNINGS}. 
Some experimental nucleoside analogues which are being evaluated in AIDS and ARC patients may affect 
RBCAWBC number or function and may increase the potential for hematologic toxicity of zidovudine. Some 
experimental nucleoside analogues affecting DNA replication antagonize the mn vitro antiviral activity of 
zidovudine against HIV and thus, concomitant use of such drugs should be avoided. 

Some drugs such as trimethoprim-sulfamethoxazole, pyrimethamine, and acyclovir may be necessary for 
the management or prevention of opportunistic infections. In the controlled trial. increased toxicity was not 
detected with limited exposure to these drugs. However, there are two published reports of neurotoxicity 
fone of profound lethargy and one of seizure) associated with concomitant use of zidovudine and acyclovir, 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term carcinogenicity studies of zidovudine 
in animals have not been completed. However, in an in vitro mammalian cell transformation assay, 
zidovudine was positive at concentrations of 0.5 g/m! and higher. 

No evidence of mutagenicity (with or without metabolic activation) was observed in the Ames Salmonella 
mutagenicity assay. In a mutagenicity assay conducted in L5178Y/TK +- mouse lymphoma ceils, zdovu- 
dine was weakly mutagenic in the absence of metabolic activation only at the highest concentrations tested 
(4000 and 5000 j.g/mi). in the presence of metabolic activation, the drug was weakly mutagenic 
at concentrations of 1000 agimi and higher. in an in vitro cytogenetic study performed in cultured human 
lymphocytes, zidovudine induced dose-related structural chromosomal abnormalities at concentrations of 
3 agmi and higher. No such effects were noted af the two lowest concentrations tested. 0.3 and 1 pg/ml. 
Pregnancy: Pregnancy Category C. An oral teratology study in pregnant rats using doses up to 20 times the 
human dose has revealed no evidence of harm to the fetus due to zidovudine. It is not known whether 
zidovudine can cause fetal harm when administered to a pregnant woman or can affect reproductive 
capacity. Zidovudine should be given to a pregnant woman only if clearly needed. 

Nursing Mothers: it is not known whether zidovudine is excreted in human milk. Because many drugs are 
excreted in human milk and because of the potential for serious adverse reactions from zidovudine in 
nursing infants, mothers should be instructed to discontinue nursing if they are receiving zidovudine. 


WARNING: THERAPY WITH RETROVIR (ZIDOVUDINE) IS OFTEN ASSOCIATED WITH HEMATOLOGIC TOXICITY INCLUDING GRANULOCYTOPENIA AND SEVERE ANEMIA REQUIRING TRANSFUSIONS (SEE WARNINGS). 


IN ADDITION, PATIENTS TREATED WITH ZIDOVUDINE MAY CONTINUE TO DEVELOP OPPORTUNISTIC INFECTIONS (OFS) AND OTHER COMPLICATIONS OF THE ACQUIRED IMMUNODEFICIENCY SYNDROME (AIDS) AND AIDS RELATED 
COMPLEX (ARC) CAUSED BY THE HUMAN IMMUNODEFICIENCY VIRUS (HIV). THEREFORE, PATIENTS ON ZIDOVUDINE SHOULD 3E UNDER CLOSE CLINICAL OBSERVATION EY PHYSICIANS EXPERIENCED IN THE TREATMENT OF 
PATIENTS WITH DISEASES ASSOCIATED WITH HIV. THE SAFETY AND EFHICACY OF ZIDOVUDINE HAVE BEEN ESTABLISHED ONLY FOR CERTAIN ADULT AIDS AND ADVANCED ARC PATIENTS (SEE “INDICATIONS AND USAGE"). 





Pediatric Use: Safety and effectiveness in children bave not been established. 

ADVERSE REACTIONS: The most frequent adverse events and abnormal laboratory values reported in the 
piacebo-eontrotied clinical trial of oral zidovudine administration in 261 patents (144 patients zidovudine: 
137 patients placebo) were granuiocytopenia and anermia. The occurrence of these hematologic toxicities 
was inversely related to CD4 (74) ymphocyte number, hemoglobin, and granulocyte count at study entry, 
and directly related to dose and duration of therapy. The frequency of granulocytopema and anemia 
according to the patents’ CD4 (74) levels is shown on the following table: 











Pretreatment CD4 (74) Levels is 
%S 200/rams 20d mms 
Zidovudine Placebo Zidovudine 

Abnormality {n = 113} {n = 105) 
Granulocytopenia AP% 10% s 

fe. 750/mm3) 

Anemia 3% 

{Hgb < 7.5 g/dl} 





Because many patients were anemic and/or granulocytopenie before starting therapy with zidovudine, 
minni the degree of change when compared to baseline, as shown in the table below. may be more 
mMformatiee, 
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% Decrease i 
from Zidovudine Placebo Adovudine Placebo 
Abnormality Baseine {n= 113} ins 105} {rt = 30) in = 30} 
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The anerma appeared to be the æsult of impaired erythrocyte maturation as evidenced by increasing 
macrocytesis (MCV) while on drug. 
The 281 patients treated in this controlied trial had serious undertying disease with mustiple baseline 
symptom: and clinical abnormalities. The following table summarizes those reported clinical adverse 
events which occurred in at least 5% of all patients treated with zidovudine, Severe headache. nausea. 
insomnia and myalgia were reported at a significantly greater rate in zidovudine recipients. 

Percentage {So} of Patients with Clinical Events 

Zidovudine | Placebo | 








i Zidovudine | Placebo 
(n= 144) | in 137) | {n= 144) | (ns 137} 
Adverse Event Ye Yo | Adverse Event K i X 
BODY AS A WHOLE ; MUSCULOSKELETAL ; 
Asthenia 18 Myaigia & j 2 
Diaphoresis å » NERVOUS | 
Fever 12 | Dizziness 6 | 4 
Headache 3? -insomnia 5 1 
Malaise 7 | Paresthesia § i Soo a 
GASTROINTESTINAL : Somnolence 8 o; 9 o] 
Anorexia 8 ! RESPIRATORY ; 
Diarrhea 18 | Dyspnea 
Dyspepsia 4 | SKIN 
GI Pain $ Rash 
Nausea 1 
Vomiting 3 SPECIAL SENSES 





| Taste Perversion 


Clinical adverse events which occurred in less than 5% of ali patients treated with zidovudine are listed 
below. Siace many of these adverse events were seen in placebo-treated patients as well as zidovudine 
recipients, they may not be attnbulabie to the drug. 
Body as.a whole: body odor, chiiis, edema of the ip. flu syndrome, hyperalgesia, back pam, chest pain, 
tympaadenopathy. 
Cardiovascular. vasodilation. 
Gastroiztestinal: constipation, dysphagia, edema ef the tongue, eructation, flatulenes, bleeding gums. 
recta: hemorrhage, mouth uleer. 
Muscutaskeletal: arthralgia, muscle spasm, tremer, twitch. 
Nervous: andety. confusion, depression, emotional lability, nervousness. syncope, less of mental 
acuity, vertigo. 
Respiraiory: cough. epistaxis, pharyngitis, rhinitis. sinusitis, hoarseness. 
Skin: acne, pruritus, urticaria. 
Special senses: amblyopia, hearing loss, photophobia. 
Urogenial: dysuria, polyuna, usinary frequency, urinary hesitancy. 
DOSAGE AND ADMINISTRATION: The recommendedstarting dose of Retrovis (2idavudine) is 200 mg (two 
100 mg capsules) administered orally every tour hours around the clock. 
Hematologic toxicities appear to be related to pretreatment bone marrow reserve and to.dose and duration 
of therapy Careful monitoring of hematologic indices every two weeks is recommended to detect senigus 
anemia or granulocytopenia. in patents with hematotogic toxicity, reduction in hemogiodin may occur as 
early as 2 (0 4 weeks, and granulocylopenia usually occurs after 6 to 8 weeks. 
Dose Adjustment: Significant anemia (hemoglobin of = 7.5 g/dL or reduction of 25% of baseline) and/or 
significant. granulocytopenia (granulocyte count of <.750/mm or reduction of >50% from baseline} may 
require a dose interruption until some evidence of marrow recovery is observed. For less severe anemia of 
granulocytopenia, a reduction in daily dose may be adequate. In patients who develop significant anemua, 
dose modification does not necessarily eliminate the need for transfusion. If marrow recovery occurs 
following sose modification, gradual increases in dese may be appropriate depending on hematologic 
indices ang patient tolerance. 


References: 1. Fisch! MA, Richman DD, Grieco MH, et al: The efficacy of andothymidine (AZT) in the 
treatment of patients with AIDS and AlOS-related complex: A doubie-biind, placebo-controlled trial. 
N Engi J Med 1987-317:185-191. 2. Acquired immunodeficiency Syndrome (AIDS) Weekly Surveillance 
Report: United States Reported to CDC, July 9-12, 1987.3. Yarchoan R. Brouwers P. Spitzer AR, et al 
Response of human-immunodeficiency-virus-associated neurological disease to J’-azido-3’-deoxy- 
thymidine. Lancet 1987; 1132-135. 4. Data on file, Burroughs Wellcome Co. 


Burroughs Wellcome Ce., Research Triangle Park, North Carolina 27709 





IMPROVING LIVES THROUGH 
ARTIARAL RESEARCH 


heal BURROUGHS WELLCOME CO 


Copr. © 1987 Burroughs Wellcome Co. All nights reserved RTV-10 





CANCER 
EDUCATIONAL 
MATERIALS 


Available free of charge 








Annotated bibliographies: 
@ Coping with cancer 
@ Cancer treatment 
@ Nutrition 
@ Patient education programs 


Clearinghouse services for 
health organizations: 


è Data base searches 
@ information packages 








@ Referrals 
i i NOW 
For information and 
bibliographies write: a 


FISONS... 


Cancer Information Clearinghouse 

Office of Cancer Communications 

National Cancer Institute 
Building 31, Room 10A18 





Bethesda, Maryland 20205 ON Dextran nection USP 
—— É 


or call: 


(301) 496-4070 (organizational 
users) 
(301) 496-5583 (public inquiries) 


National Cancer Institute 
Office of Cancer Communications 





pisoN5 


FISONS CORPORATION 
BEDFORD MA 01730 


Fisons Corporation 1987 FSi 


Formation of B-lymphocytes and 
other blood cells in tissue. 











AIMIMUNE N 
Immune Globulin Intravenous 
(Human) 5% (in 10% Maltose), pH 4.25 


For patients with acute and chronic idiopathic thrombocytopenic 
purpura (ITP), maintaining normal platelet levels may be a life- 
threatening problem. They often need fast, aggressive therapy that 
will elevate platelet counts rapidly. They need Gamimune® N. 





IGIV treatment with Gamimune” N may effect a therapeutic 
increase in platelets in both children and adults with ITP and, 
in some cases, allows the possibility of major surgery. In one 
study,’ 62.5%(10 of 16) adult patients and 83.3% (5 of 6) 
pediatric patients demonstrated a substantial response to an 
initial course of therapy with Gamimune” N.*° 

Gamimune® N contains at least 98% gamma globulin and is the 
only ready-to-use liquid IGIV available, Cutter’s patented fraction- 
ation method (based on Cohn-Oncley methods 6 and 9) assures 
Gamimune® N contains no heterologous proteins, with no 
detectable levels of protein aggregates or vasoactive enzymes.” 
And studies show in vitro inactivation of HIV (HTLV-II virus’ 
during production of Gamimune® N. 








Gamimune® N. Enhancing the natural process with fast, 
aggressive therapy for ITP in both children and adults. 


*}t isnot possible to predict which patients with ITP will respond to therapy. | Caaninure® N Product License Application. 
fi mais EAE OE E ET N ewes tase E E e pena: 2. Luneitdad JL. Mitra G. Sternberg MM et al: 
In patients who respond to therapy. a rise in platelet count is generally rapid iw ithin one Comparative studies of impurities in intravenous 
to five days). transient (most often lasting from several days to several weeks), a nd should immanogiobidin preparations. Ree infect Dis 
notbe considered curative. HRG Rupp T) SIRIO. 


'The Cohn-Oneley process used to produce Garnimune® N has been challenged in vitro with ol 
_a virus spike of | x 10° TCID (Tissue Culture Infectious Doses) of HIV CHTLYV-IID and found amnunmgiobulins Transhasror SBR 26.994. 307 
to remove and/or inactivate the viral challenge. In addition, Gamimune” N undergoes an 
- incubation step as a final container which has been shown to effect an additional 1 x 10° to 





ae Ue HH reduction TCID (Tissue Culture Infectious Doses) of HIV CHTLV-IID? See adjacent page for brief summary 


of prescribing information, 








CLINICAL PHARMACOLOGY 

Gamimune® N supplies a broad spectrum of opsonic and neutralizing IEG antibodies for 
the prevention or attenuation of a wide variety of infectious diseases. As Gamimune® N is 
administered intravenously, essentially 100% of the infused IgG antibodies are immedi- 
ately available in the recipient's circulation. A relatively rapid fall in serum IgG level in the 
first week post-infusion is to be expected; this decrease averages 50% of the peak level 
achieved immediately post-infusion and is mainly due to the equilibration of IgG between 
the plasma and the extravascular space. The in vivo half-life of Gamimune® N equals or 
exceeds the three week half-life reported for igG in the literature, but individual patient 
variation in halflife has been observed. Thus, this variable as well as the amount of 
immune globulin administered per dose is important in determining the frequency of 
administration of the drug for each individual patient. 

The intravenous admirustration of solutions of maltose has been studied by several 
investigators. Heaithy subjects tolerated the infusions well, and no adverse effects were 
observed at a rate of 0.25 g maltose/kg body weight per hour in safety studies conducted 
by Cutter Biological, infusions of 10% maltose administered at 0.27-0.62  maltose/kg 
per hour to normal subjects produced either mild side effects {e.g headache) or no 
adverse reaction. Following intravenous administrations of maltose, maltose was 
detected in the peripheral blood, there was a dose-dependent excretion of maltose and 
glucose in the urine and a miid diuretic effect. These alterations were well tolerated with- 
out significant adverse effects. The highest recommended infusion rate, 0.08 mL/kg 
body weight per minute (see DOSAGE AND ADMINISTRATION), is equivalent to 0.48 g 
maltose/kg body weight per hour 

The buffer capacity of Immune Globulin Intravenous (Human) 5% {in 10% Maltose), pH 
4.25--Gamimune® N is 16.5 mEg/L {~ 0.3 mEq/g protein), a dose of 150-400 mg/kg (3-8 
mL/kg) body weight therefore represents an acid toad of 0.0495-0.1320 mEq/kg body 
weight. The total buffering capacity of whole biocd in a normal individual is 45-50 mEq/l. 
of biood, or 3.6 mEq/kg body weight. Thus, the acid load delivered in the largest dose of 
Gamimune® N would be neutralized by the buffering capacity of whole blood alone, even if 
the dose were infused instantaneously. (An infusion usually lasts several hours.) 

in Phase | human studies, no change in arterial blood pH measurements was detected 
following the intravenous administration of Gamimune® N at a dose of 150 mg/kg body 
weight; following a dose of 400 mg/kg body weight in 37 patients, there were no clinically 
important differences in mean venous pH or bicarbonate measurements in patients who 
received Gamimune” N compared with those whe received a chemically modified intra- 
venous immunoglobulin preparation with a pH of 6.8. 

in patients with limited or compromised acid-base compensatory mechanisms, consid: 
eration shouid be given to the effect of the additional acid load Garnimune® N might 
present, 

INDICATIONS AND USAGE 

immunodeficiency Syndromes: Gamimune® N is indicated for the maintenance treat- 
ment of patients who are unable to produce sufficient amounts of IgG antibodies. Usage 
of Gamimune® N may be preferred to that of intramuscular immunoglobulin preparations, 
especially in patients who require an immediate increase in intravascular immunoglobulin 
levels, in patients with a small muscle mass, and in patients with bleeding tendencies in 
whom intramuscular injections are contraindicated. it may be used in disease states such 
as Congenital agammagiobulinemia (e.g., X-linked agarnmaglobulinemia), common varia- 
ble hypogammagiobuiinemia, X-linked immunodeficiency with hyper IEM and in severe 
combined immunodeficiency, 

idiopathic Thrombocytopenic Purpura (ITP): Investigations in both children and adults 
have shown that Gamimune™ N may initiate a therapeutic increase in the platelet count. In 
clinical studies of Gamimune® N, five of six (83.3%) children and 10 of 16 (62.5%) aduits 
with acute or chronic ITP demonstrated clinically significant increments in the platelet 
count during or following an initial treatment course with Gamimune® N at a dose of 400 
mg/kg body weight daily for five days. The duration of the platelet rise following treatment 
of ITP with Gamimune® N was variable, ranging from several days up to 12 months or 
more. Several ITP patients demonstrated continuing responsiveness over many months 
to intermittent Gamimune® N 400 mg/kg body weight single dose maintenance courses. 
Two of three children with acute ITP treated with Gamimune®™ N rapidly went into complete 
remission. However, childhood ITP may respand spontaneously without treatment. Four 
patients with refractory ITP were able to undergo major surgical procedures as a result of 
the rapid rise in platelet count associated with Gamimune® N treatment. 

In addition, one patient with severe thrombocytopenia due to post-transfusion purpura 
(PLA afloimmune antibody with platelet anti PLA specificity) also responded to treatment 
with Gamimune® N, at a dose of 400 mg/kg body weight daily for 5 days; there was a rapid 
rise in the platelet count commencing on the third day of treatment. 

it is presently not possible to predict which patients with ITP will respond to therapy, 
although the increase in platelet counts in children seems to be better than that of adults. 
in clinical situations in which a rapid rise in platelet count is needed to control bleeding or 
to allow a patient with ITP to undergo surgery, administration of immune Globulin itra- 
venous (Human) 5% fin 10% Maltose), pH 4.25—Gamimune® N should be considered: in 
patients in whom a response is achieved, the rise of platelets is generally rapid (within 1—5 
days), transient (most often lasting from several days to several weeks) and should not be 
considered curative. in some patients who relapse, a maintenance dose of Gamimune® N 
administered every several weeks may be of benefit once the platelet count decreases to 
clinically hazardous levels (see DOSAGE AND ADMINISTRATION). 

CONTRAINDICATIONS 

Gamimune® N is contraindicated in individuals whe are known to have had an anaphylactic 
or severe systemic response to immune Globulin (Human). individuals with selective IgA 
deficiencies who have known antibody against IgA (anti-igA antibody) should not receive 
Gamimune® N since these patients may experience severe reactions to the IgA which may 
be present, 

WARNINGS 

Gamimune® N should be administered only intravenously as the intramuscular and subcu- 
taneous routes have not been evaluated. 





GAMIMUNE N 


Immune Globulin Intravenous 
(Human) 5% (in 10% Maltose), pH 4.25 


Garumune® N may. on rare OCCASIONS, Cause a precipitous fall in blood pressure and a 
Chnical picture of anaphylaxis. even when the patient is not known to be sensitive to 
mmune giobulin preparations. These reactions may be related to the rate of infusion. 
Accordingly, the infusion rate given under DOSAGE AND ADMINISTRATION should be 
closely followed, at least until the physician has had sufficient experience with a given 
patient. The patients vital signs should be monitored continuously and careful observa. 
tion made for any symptoms throughout the entire infusion. Epinephrine should be avait 
able for the treatment of an acute anaphylactic reaction. 

PRECAUTIONS 

General: Any vial that has been entered should be used promptly. Fartially used vials 
should be discarded. Do not use if turbid. Solution which has been frozen should not 
be used. 

Drug Interactions: if dilution is required, Gamimune”™ N may be diluted with 5% dextrose 
in water (DS/W). No other drug interactions or compatibilities have been evaluated. It is 
recommended that infusion of Gamimune® N be given by a separate line, by itself, without 
mxng with other mtravenous fluids or medications the patient might be recenving. 
Pregnancy Categery ©: Animal reproduction studies have not been conducted with 
Garnimune®™ N. It is not known whether Gamimune® N can cause fetal harm when adrnin- 
istered to a pregnant woman or can affect reproduction capacity. Gamimune® N should 
be given to a pregnant woman only if clearly needed. 

ADVERSE REACTIONS 

In a study of 37 patients with immunodeficiency syndromes receiving Gamimune” N at a 
monthly dose of 400 mg/kg body weight, reactions were seen in 5.2% of the infusions of 
Gamimune” N. Syragstoms reported with Gamimune® N included malaise. a feeling of 
faintness, fever, chils, headache, nausea, vomiting, chest ugnhtiness. dysonea and chest, 
Back Or hip pain. in addition, mild erythema following infiltration of Immune Globulin intra- 
venous (Human) 5% fin 10% Maltose), pH 4.25-~-Gamimune® N at the infusion site wes 
reported in some cases. 

In further studies ef Gamimune® N in the treatment of both adult and pediatric patients 
with ITP systemic reactions were noted in only 4 of 154 (2.6%) infusions, and all but one 
occurred at rates of infusion greater than 0.04 mL/kg body weight per minote. The symp- 
toms reported included chest tightness. a sense of tachycardia (pulse was 84 beats per 
minute), anda burning sensation in the head: these symotoms were all mila and transient. 
Erythema, pain, phlebitis, or eczematous reactions at the infusion site were also reported 
following infusion of Gamimune® N to adult ITP patients. These reactions occurred in 
11.6% of the infusions of Gamimune® N and in 43.8% of the adult ITP population. No 
pediatric patients experienced localized reactions at the infusion site 

in the studies undertaken to date, other types of reactions have not been reported with 
Gamimune® N. it may be, however, that adverse effects will be similar to those previously 
reported with intravenous and intramuscular immunoglobulin administration. Potentia 
reactions, therefore, may also include anxiety, flushing. wheezing, abdorninal cramps. 
myalgias, arthralgia, and dizziness; rash has been reported only rarely. Reactions to intra- 
venous immunoglobulin tend to be related to the rate of infusion 

True anaphylactic reactions to Gamimune® N may occur in recipients with documented 
prior histories of severe allergic reactions to intramuscular immunoglobulin, but some 
patients may tolerate Cautiously administered intravenous immunoglobulin without 
adverse effects. Very rarely an anaphylactoid reaction may occur in patients with no prior 
history of severe aNergic reactions to either intramuscular or intravenous 
immunoglobulin. 

DOSAGE AND ADMINISTRATION 

immunodeficiency Syndromes: The usual dosage of Gamimune® N for prophylaxis in 
immunodeficiency syncromes is 100-200 mg/kg (2-4 mLAg) of body weight adminis: 
tered approximately ance a month by intravenous infusion, if the clinical response is 
inadequate, or the levei of igG achieved in the circulation is felt to be insufficient, the 
dosage may be given more frequently or increased as high as 400 mg/kg (8 mL/kg) 
body weignt. 

idiopathic Thrombocytopenic Purpura: An increase in piatelet count has been observed 
in children and some adults with acute or chronic ITP receiving Gamimune™ N, 400 mg/kg 
body weight daily for five days. A response usually occurs within several days and is mian- 
tained for a variable period of time. in general a response is seen tess often m adults than 
in children. In patients who have shown a response, a maintenance dose of Garnimune® N 
of 400 mg/kg body weight administered as a single dose every several weeks may be of 
benefit once the platelet count decreases to clinically hazardous levels. 

investigations indicate that Gamimune® N is well-tolerated and less likely to produce 
side effects when infused at the indicated rate, It is recommended that Gamirmune® N be 
infused by itself at a rate cf 0.01 to 0.02 mL/kg body weight per minute for 30 minutes. if 
well tolerated, the rate may be gradually increased to a maximum of 0.08 mL/kg body 
weight per minute. If side effects occur, the rate may be reduced, or the infusion inter- 
rupted until symptoms subside. The infusion may then be resumed at the rate which is 
comfortable for the patient. 

Parenteral drug products should be inspected visuaily for particulate matter and discol- 
oration prior to adnunistration, whenever suton and container permit. 
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Chromogenics You Can Count On 


The reasons your lab should use KabiVitrum chromogenics 






és, 


The Firs 


The substrates you've been using 
all along were developed first by 
KabiVitrum. They pioneered the 
development of synthetic chrom- 
ogenic substrates 10 years ago, 
and revolutionized the investiga- 
tion of coagulation and fibrinolysis 
proteins. Years of experience 
enables KabiVitrum to produce 
the highest quality substrates 
available. 


a's 


The Most 


KabiVitrum’s extensive product 
line ranges from S-22541 — the 
most widely used substrate in the 
word — to new products fortissue 
plasminogen activator and in- 
hibitor assays. As exclusive U.S. 
distributor of KabiVitrum products, 
Helena provides immediate ship- 
ment of your order from our Texas 
headquarters. And we back 
these products with solid support 
from our Customer service group. 


are as simple as 4 2 3... 


KabiVitrum is committed to con- 
tinued develooment of new sub- 
strates. Some of the new sub- 
strates available are S-2366, for 
activated protein C and Factor 
Xla; and thrombin inhibitor, |-258 1. 
Soon you can expect substrates 
for a.-macroglobulin, and 


a,-antitrypsin, 


Call for your free KabiVitrum catalog, or to place an order. Toll free U.S.A. 800-231-5663. 


O Please send me a free Helena/KabiVitrum 


catalog. 


O Please have a representative call. 


Name 

Institution 

Address 

City 

State 

Telephone (Area Code) 


Zip 


in Texas, 800-392-3126. 


in Alaska, Hawaii and Puerto Rico, 800-231-4678. 





A few of the quality KabiVitrum products now 

available (For investigational Use) include: 

* §-2238 Thrombin 

e S-2251 Plasmin & Plasminogen- 

streptokinase Complex 

e S-2288 t-PA & other Serine Proteases 

* S-2366 Activated Protein C & Factor Xla 

* S-2390 t-PA & t-PA Inhibitors 

* |-2584 Thrombin Inhibitor 


COATEST® kits are also available for clinical use. a peer sens 
Helena gpg Laboratories 
Beaumont. Texas 77704-0752 ystems 
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Life is a precious gift. 3 
Most people never realize the Va 
children with cancer or other rane 
early — too early. Before they evēf fearn to live, some must learn to die. 

While many children lose they battle against these dread diseases, 
thousands more survive. Thanks@@the staff at St. Jude Hospital and their life- 
saving research. see 

Twenty years ago, children diagnosed with leukemia were offered little 
hope. Today, because of research, childhood leukemia is considered 
curable. 

St. Jude stands on the threshold of a dream — that someday no child will 
.lose his life to catastrophic illness. But there is still much work to be done, 
more diseases to conquer. 

You can help make this dream a reality by sending your tax-deductible gift 
to St. Jude, 505 N. Parkway, Memphis, TN 38105. 
Give the gift of life. 


of life until faced with death. For 
ildhood diseases, this lesson comes 


| Danny Thomas, Founder 
€ ST. JUDE CHILDREN’S RESEARCH HOSPITAL 


“ 
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Colofr-enhanced 
scanning electron 
micrograph ol 
Pneumocystis carinii 


Drug of Choice in PCP High survival rate after first episodes 


Bactrim I.V. is the drug of choice for treatment of of PCP in AIDS patients 


Pneumocystis carinii pneumonia (PCP).' Please In a multicenter evaluation of 185 AIDS patients 
note, though, that AIDS patients may not tolerate who received trimethoprim plus sulfamethoxazole 
or respond to treatment in the same way as non- for their first episodes of PCP. 58% completed 
AIDS patients therapy with this combination alone. Among these 

The incidence of side effects— particularly rash, patients, the rate of immediate survival was 82%.” 
fever and leukopenia—is greatly increased in AIDS 
patients. Discontinue therapy at the first sign of innatis nich tied 
skin rash or any adverse reaction. with 

TMP/SMxX alone 


D 


Adapted trom report of a National Heart, Lung 


(16 mg trimethoprim and 80 mg sulfamethoxazole per mL) 


CHE 





References: 1. Medical Letter 28(706):9-16, Jan 31, 1986. 2. Murray JF, ef al: N Engl 
J Med 310(25)1682-1688, Jun 21, 1984. 


Drug of choice in PCP 


Bactrim LV. Infusion 


(16 mg trimethoprim and 80 mg 
sulfamethoxazole per mL) 


Before prescribing, please consult complete product information, a summary of which 
follows: 





CONTRAINDICATIONS: Hypersensitivity to trimethoprim or sulfonamides: documented 
megaloblastic anemia due to folate deficiency, pregnancy at term and during the nursing 
period; infants less than two months of age. 

WARNINGS: FATALITIES ASSOCIATED WITH THE ADMINISTRATION OF SULFONA- 
MIDES, ALTHOUGH RARE, HAVE OCCURRED DUE TO SEVERE REACTIONS, INCLUD- 
ING STEVENS-JOHNSON SYNDROME, TOXIC EPIDERMAL NECROLYSIS, FULMINANT 
HEPATIC NECROSIS, AGRANULOCYTOSIS, APLASTIC ANEMIA AND OTHER BLOOD 
DYSCRASIAS. 

BACTRIM SHOULD BE DISCONTINUED AT THE FIRST APPEARANCE OF SKIN RASH 
OR ANY SIGN OF ADVERSE REACTION. Clinical signs, such as rash, sore throat, fever. 
arthralgia, cough, shortness of breath, pallor, purpura or jaundice, may be early indications 
of serious reactions. In rare instances a skin rash may be followed by more severe reac- 
tions, such as Stevens-Johnson syndrome, toxic epidermal necrolysis, hepatic necrosis or 
sefious blood disorder. Perform complete blood counts frequently, 

BACTRIM SHOULD NOT BE USED IN THE TREATMENT OF STREPTOCOCCAL PHARYN- 
GITIS. Clinical studies have documented that patients with group A 8-hemolytic strepto- 
coccal tonsillopharyngitis have a greater incidence of bacteriologic failure when treated 
with Bactrim than with penicillin. 

Bactrim I.V. Infusion contains sodium metabisulfite, which may cause allergic-type reac- 
tions in susceptible persons, especially asthmatics or atopic nonasthmatic persons. 
PRECAUTIONS: 

General: Give with caution to patients with impaired renal or hepatic function, possible 
folate deficiency (e.g., elderly, chronic alcoholics, patients on anticonvulsants, with malab- 
sorption syndrome, or in malnutrition states) and severe allergies or bronchial asthma. In 
glucose-6-phosphate dehydrogenase deficient individuals, hemolysis may occur, frequently 
dose-related. 

Local irritation and inflammation due to extravascular infiltration of the infusion have been 
observed. If these occur, discontinue infusion and restart at another site 

Use in the Elderly: May be increased risk of severe adverse reactions in elderly, particularly 
with complicating conditions, e.g., impaired kidney and/or liver function, concomitant use 
of other drugs. Severe skin reactions, generalized bone marrow suppression (see 
WARNINGS and ADVERSE REACTIONS) or a specific decrease in platelets (with or without 
purpura) are most frequently reported severe adverse reactions in elderly. In those concur- 
rently receiving certain diuretics, primarily thiazides, increased incidence of thrombocyto- 
penia with purpura reported. Make appropriate dosage adjustments for patients with 
impaired kidney function (see DOSAGE AND ADMINISTRATION). 

Use in the Treatment of Pneumocystis Carinii Pneumonitis in Patients with Acquired 
Immunodeficiency Syndrome (AIDS): Because of unique immune dystunction, AIDS 
patients may not tolerate or respond to Bactrim in same manner as non-AIDS patients. 
Incidence of side effects, particularly rash, fever, leukopenia, with Bactrim in AIDS patients 
treated for Pneumocystis carinii pneumonitis reported to be greatly increased compared 
with incidence normally associated with Bactrim in non-AIDS patients. 

Laboratory Tests: Perform appropriate culture and susceptibility studies before and 
throughout treatment. Complete blood counts should be done frequently: if a significant 
reduction in the count of any formed biood element is noted, discontinue Bactrim. Perform 
urinalyses with careful microscopic examination and renal function tests during therapy, 
particularly for patients with impaired renal function. 

Drug Interactions: \n elderly patients concurrently receiving certain diuretics, primarily 
thiazides, an increased incidence of thrombocytopenia with purpura has been reported. 
Bactrim may prolong the prothrombin time in patients who are receiving the anticoagulant 
warfarin. Keep this in mind when Bactrim is given to patients already on anticoagulant 
therapy and reassess coagulation time. Bactrim may inhibit the hepatic metabolism of 
phenytoin. Given at a common clinical dosage, it increased the phenytoin half-life by 39% 
and decreased the phenytoin metabolic clearance rate by 27%. When giving these drugs 
concurrently, be alert for possible excessive phenytoin effect. Sulfonamides can displace 
methotrexate from plasma protein binding sites. thus increasing free methotrexate 
concentrations 

Drug/Laboratory Test interactions: Bactrim, specifically the trimethoprim component, can 
interfere with a serum methotrexate assay as determined by the competitive binding protein 
technique (CBPA) when a bacterial dihydrofolate reductase is used as the binding protein 
No interference occurs if methotrexate is measured by a radioimmunoassay (RIA). The 
presence of trimethoprim and sulfamethoxazole may also interfere with the Jaffe alkaline 
picrate reaction assay for creatinine, resulting in overestimations of about 10% in the range 
of normal values. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Carcinogenesis: Long-term 
Studies in animals to evaluate carcinogenic potential not conducted with Bactrim IV. Intu- 
sion. Mutagenesis: Bacterial mutagenic studies not performed with sulfamethoxazole and 
trimethoprim in combination. Trimethoprim demonstrated to be nonmutagenic in the Ames 


BACTRIM ™ I.V. Infusion (trimethoprim and sulfamethoxazole/Roche) 


assay. No chromosomal damage observed in human leukocytes cultured in vitro with 
sulfamethoxazole and trimethoprim alone or in combination: concentrations used exceeded 
blood levels of these compounds following therapy with Bactrim. Observations of leuko- 
cytes obtained from patients treated with Bactrim revealed no chromosomal abnormalities 
Impairment of Fertility: Bactrim |.V. Infusion not studied in animals for evidence of impair- 
ment of fertility. Studies in rats at oral dosages as high as 70 mg/kg trimethaprim plus 

350 mg/kg sulfamethoxazole daily showed no adverse effects on fertility or general repro- 
ductive performance. 

Pregnancy- Teratogenic Eftects: Pregnancy Category C. Trimethoprim and sulfamethoxazole 
may interfere with folic acid metabolism; use during pregnancy only if potential benefit 
justifies potential risk to fetus. Nonteratogenic Effects: See CONTRAINDICATIONS section 
Nursing Mothers: See CONTRAINDICATIONS section 

Pediatric Use: Not recommended for infants under two months (see CONTRAINDICATIONS 


section). 

ADVERSE REACTIONS: Most common are gastrointestinal disturbances (nausea, vomit- 
ing, anorexia) and allergic skin reactions (such as rash and urticaria). FATALITIES ASSO- 
CIATED WITH THE ADMINISTRATION OF SULFONAMIDES, ALTHOUGH RARE, HAVE 
OCCURRED DUE TO SEVERE REACTIONS, INCLUDING STEVENS-JOHNSON SYN- 
DROME, TOXIC EPIDERMAL NECROLYSIS, FULMINANT HEPATIC NECROSIS, AGRAN- 
ULOCYTOSIS, APLASTIC ANEMIA AND OTHER BLOOD DYSCRASIAS (SEE WARNINGS 
SECTION). Local reaction, pain and slight irritation on I.V. administration infrequent. 
Thrombophilebitis rarely observed. 

Hematologic: Agranulocytosis, aplastic anemia, thrombocytopenia, leukopenia, neutro- 
penia, hemolytic anemia, megaloblastic anemia, hypoprothrombinemia, methemoglobine- 
mia, eosincphilia. Allergic Reactions: Stevens-Johnson syndrome, toxic epidermal 
necrolysis, anaphylaxis, allergic myocarditis, erythema multiforme., exfoliative dermatitis, 
angioedema, drug fever, chills, Henoch-Schoeniein purpura, serum sickness-like syn- 
drome, generalized allergic reactions, generalized skin eruptions, conjunctival and scleral 
injection, photosensitivity, pruritus, urticaria and rash. Periarteritis nodosa and systemic 
lupus erythematosus have been reported. Gastrointestinal: Hepatitis (including cholestatic 
jaundice and hepatic necrosis), elevation of serum transaminase and bilirubin, pseudo- 
membranous enterocolitis, pancreatitis, stomatitis, glossitis, nausea, emesis, abdominal 
pain, diarrhea, anorexia. Genitourinary: Renal failure, interstitial nephritis, BUN and serum 
creatinine evevation, toxic nephrosis with oliguria and anuria, crystailuria. Neurologic 
Aseptic meningitis, convulsions, peripheral neuritis, ataxia, vertigo, tinnitus, headache. 
Psychiatric: Hallucinations, depression, apathy nervousness. Endocrine: Sulfonamides 
bear certain chemical similarities to some goitrogens, diuretics (acetazolamide and the 
thiazides) and oral hypoglycemic agents; cross-sensitivity may exist. Diuresis and hypogly- 
cemia have occurred rarely in patients receiving sulfonamides. Musculoskeletal: Arthraigia, 
myalgia. Respiratory: Pulmonary infiltrates. Miscellaneous: Weakness, fatigue, insomnia. 
DOSAGE AND ADMINISTRATION: CONTRAINDICATED IN INFANTS LESS THAN TWO 
MONTHS CF AGE. CAUTION—BACTRIM |V. INFUSION MUST BE DILUTED IN 5% DEX- 
TROSE IN WATER SOLUTION PRIOR TO ADMINISTRATION. DO NOT MIX WITH OTHER 
DRUGS OR SOLUTIONS. RAPID INFUSION OR BOLUS INJECTION MUST BE AVOIDED. 
DOSAGE (Children and Adults). 

PNEUMOCYSTIS CARINII PNEUMONITIS: Total daily dose is 15 to 20 mg/kg (based on 
the trimethoprim component) given in three or four equally divided doses every 6 to 8 
hours for up to 14 days. One investigator noted that a total daily dose of 10 to 15 mg/kg 
was Sufficient in 10 adults with normal renal function 

SEVERE URINARY TRACT INFECTIONS AND SHIGELLOSIS: Total daily dose is 8 to 

10 mg/kg (based on the trimethoprim component) given in two to four equally divided 
doses every 6, 8 or 12 hours for up to 14 days for severe urinary tract infections and 5 days 
for shigellosis. Maximum recommended daily dose is 60 ml. Renal Impaired: Creatinine 
clearance above 30 ml/min, give usual dosage; 15-30 ml/min, give one-half the usual 
regimen; below 15 ml/min, use not recommended 

Method of Preparation: Bactrim |.V. Infusion must be diluted. EACH 5 ML SHOULD BE 
ADDED TO 125 ML OF 5% DEXTROSE IN WATER. After diluting do not refrigerate: use 
within 6 hours. If a dilution of 5 mi/100 mi of 5% dextrose in water is desired. use within 

4 hours. If there is cloudiness or evidence of crystallization, discard solution and prepare a 
fresh one. 

Multidose Vials: After initial entry into the vial, use remaining contents within 48 hours 
The following infusion systems are satisfactory: unit-dose glass containers; unit-dose 
polyviny! chloride and polyolefin containers. 

Dilution: ADD EACH 5 ML OF BACTRIM I.V. INFUSION TO 125 ML OF 5% DEXTROSE IN 
WATER. 

NOTE: When fluid restriction is desirable, add each 5 mi to 75 mi of 5% dextrose in 
water, mix just prior to use and administer within two hours. If there is cloudiness or 
evidence of crystallization, discard solution and prepare a fresh one. 

DO NOT MIX BACTRIM IV. INFUSION—5% DEXTROSE IN WATER WITH DRUGS OR 
SOLUTIONS IN THE SAME CONTAINER. 

ADMINISTRATION: Administer by I.V. infusion over 60 to 90 minutes. Avoid rapid infusion 
or bolus injection. Do not give intramuscularty. 

HOW SUPPLIED: 5-mi ampuis, 5-ml vials and 10-m! vials—boxes of 10: 30-ml and 50-m! 
multidose vials—boxes of 1. Each 5 mi contains 80 mg trimethoprim (16 mg/ml) and 

400 mg sultamethoxazole (80 mg/ml) for intusion with 5% dextrose in water. 

STORE AT ROOM TEMPERATURE (15°-30°C or 59°-86°F). DO NOT REFRIGERATE. 


Roche Laboratories mw 


a division of Hoffmann-La Roche Inc. 


340 Kingsland Street, Nutley New Jersey 07110-1199 


PUZZLED ABOUT THOSE 
EXTRA REACTIONS? — The Answer. 


New from Pel-Freez for Clinical and Basic Research, we have a large collection of Monoclonals (in excess of 2( 0) 


HUMAN LEUKOCYTES 


R cells. T cells. (also activation markers), 
Natural killer cells. Monocytes, Granulo 
cytes, Platelets (Gp Ib, Gp IIb-IHA ) 


IMMUNOGLOBULINS 
IgA, lgD, IgE, IgG subclasses, IgM, Lambda 


and Kappa chains 


HLA MOLECULES 


Class 1, Class Il, Bo-Microglobulin 


COAGULATION FACTORS 
Factor VIII Fibrinogen, Fibronectin, Thrombo- 


spondin, Tissue Plasminogen Activator 
BLOOD GROUPS 


DIFFERENTIATION 

MARKERS ON 

HUMAN TISSUE 

Keratin, Desmin, Villin, Vimentin, Neuro- 


filament 


Second step reagents are available for ELISA assays, immunocytochemistry and immunofluorescence 


For research use only 


ORDERING INFORMATION. Call toll-free for catalog and price list: 1-800-558-4511 or 
1-414-357-4500. Pel-Freez Clinical Systems, 9099 N. Deerbrook Trail, Brown Deer, WI 53223 
U.S.A. 





.MONOCLONALS 


x 


PITUITARY HORMONES 

HCG, FSH, LH, TSH, Prolactin, Thyr 
globulin, Leukemia cell markers 
TUMOR MARKERS 

Alpha Foeto Protein, Carcinoeml 
Antigen 


VIRAL ANTIGENS 


STEROIDS AND OTHER 
HAPTENS 


AND MORE 2.006 s6ece8 


These monoclonals can be supplied as ascites fluid, or in fluoresceinated, biotinated or unconjugated forms 











ay American Red Cross 


BLOODMOBILE 


50% of our nation’s blood supply is donated through the American Red Cross. 
Much of it comes from blood drives set up by companies just like yours. 
So if you close your doors on our collection agency, you're closing the 
doors on fellow human beings who need blood to live. 

Don't slam the door. Call the Red Cross. 

And arrange a blood drive tailored to your company. 





American Red Cross 


A Pigac Servwe of The Putter 


Hemophilia. 
Home Hemophilia Services. 
Caremark/Western Medical Specialties. 
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Just part of the picture. 


Advances in the field of hemophilia occupational growth possibilities. In home or place of business. WMS 
research over the past twenty years concert with the care program third party insurers directly (inci 
have yielded sophisticated, yet designed for your patients with both state and federal programs 
uncomplicated treatment methods that hemophilia, Western Medical provides follow-up documentatic 
allow persons with hemophilia to focus Specialties can provide convenient, each shipment. Western Medica! 
on a brighter future. Where once was a reliable delivery of all major brands of Specialties: Just part of the total. 
corridor of closed doors, now appears anti-hemophilic factor and ancillary picture for your patients with 

a wealth of new physical, mental and supplies to your office, the patient's hemophilia. 


Caremark 
A Western Medical 
oe) | Specialties 


Quality is our ONLY Prescription 











1855 Business Center Drive e San Bernardino, California 92408 e (800) 628-8729 Nat. è ( 800) 392-754 








NOT ALL ANTI-LEUKOCYTE REAGENTS ARE ALIKE. 


Only Olympus, your colleague in immunology, offers monoclonal antibodies of 
the specificity and the quality your research applications demand. 


Olympus anti-human leukocyte MAbS assure you of reliable and reproducible results. Our broad selection includes 
products specific for T and B lymphocyte subsets, the T cell antigen receptor, leukemia and lymphoma cells, HLA 
and related markers, and the interleukin 2 receptor. Developed and manufactured by United Biomedical, Inc.. all 
products have been thoroughly characterized and exhaustively field-tested. They're available in purified form, con- 
jugated to FITC or biotin, or in culture supernatants and are supported by a complete range of second-step reagents. 

Add to that the most complete selection anywhere of MAb’s specific for human cytokines. 

Contact our technical staff today ... the same person who answers your questions can take your order. Call us 
toll-free at 1-800-521-5548, In New York State, call (516) 488-3323. 
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Olympus Corporation 
Clinical Instruments Division 

4 Nevada Drive 

Lake Success, New York 11042 


IMMUNOCHEMICALS 








Twenty years ago, 


leukemia’ 

killed enough people 
to wipe out 
Atlantic Gity, New Jersey. 


Twenty years ago, leukemia was a mysterious disease. But since then., 
the Leukemia Society of America has funded 32 million dollars of medical 
research in an all-out effort to find a cure. 

Today, more and more leukemia victims are living normal lives. But 
the Leukemia Society won't be satisfied till this killer is stopped for good 

For more information, including the free booklet “What Everyone 
Should Know About Leukemia? write to: Leukemia Society of America. 
733 Third Avenue, New York, New York 10017. 














leuwemia Were closing in on a killer. 


society of amenca, inc 


A comprehensive coagulation workup isn't complete without 
= a rapid, reliable FDP assay. That's why leading laboratories 
turn to THROMBO-WELLCOTEST — the #1 choice for 
@ FDP testing. THROMBO-WELLCOTEST is from Welicome 
Diagnostics, so its consistent high quality is assured. And its 
backed by a highly competent technical staff. 
THE l LET OUR TEAM WORK WITH YOUR TEAM 


For technical information about THROMBO-WELLCOTEST, call toll free 
(800) 334-8570; in North Carolina call collect (919) 248-4617. To order, 
contact your local Wellcome Diagnostics sales representative or call 

toll free (800) 334-9332; in North Carolina call collect (919) 758-3436. 














Wellcome Diagnostics 


ee a 
A Division of Burroughs Wellcome Co 
3030 Cornwallis Road 
Research Tnangie Pars 


Wellcome North Carolina 27709 








50,000 people 
will be saved from 
colorectal cancer 

this year. 
You can save one. 


time of your periodic health rectal exam (after age 40); the 
examination so your doctor __ procto test (after age 50). It is 
will know the results. important to report any per- 
Two days before the test, sonal or family history of in- 
you begin a diet you might testinal polyps or ulcerative 
enjoy all the time. Plenty of colitis, and any change in 








fresh vegetables raw or your bowel habits, which 
cooked, especially corn, could be a cancer warning 
spinach and lettuce. Lots of signal. 
plums, grapes, apples and The American Cancer 
Save yourself! Colo- prunes, moderate amounts of Society wants you to know. 

rectal cancer is the second peanuts and popcorn. No red 

leading cause of cancer meat, turnips or horseradish. 

deaths after lung cancer. Do's and don’t’ are listed in 

More than 90% of colorectal the kit. 

cancers occur equally in men The presence of hidden 

and women past age 50. blood usually indicates some 





Early detection provides the problem in the stomach or 
best hope of cure. That’s why bowel, not necessarily cancer ooo o tek oe 
if you’re over 50, you should Positive tests must be fol- samen Norman Ng 
take this simple, easy Stool lowed by further testing to 
Blood Test every year. The find out what the problem is. 
test kit is chemically treated Other tests for colorectal 
to detect hidden blood inthe cancer you should talk to 
stool and can be done at the your doctor about: Digital 


This space contributed as a public service. 





B CELL ACTIVATION 
GOT YOU PUZZLED? _ 


eT ce 


HAS THE SOLUTION. 


Our three new B cell markers make it possible to study B cell ontog- 
eny from pre-B stem cells to plasma cells. B5 and B6 (CD23) are 
found on activated B cells, and not on resting B cells. The wide 


cells. B3 (CD22) is clearly unique: B3 is expressed 

on some pre-B cells, approximately 75% of resting 

B cells, and is lost with activation. Expand your 

research on AIDS, autoimmune diseases, and 

t- lymphoproliferative disorders with this complete 

f series of B cell monoclonals. For more information, call 
1-800-327-3778 (in Florida, 1-800-432-6518, Ext. 6880). 

Ask us about our complete line of monoclonal antibodies 

; and support products. 

ASK US FOR YOUR FREE B CELL ANTIGEN EXPRESSION WALL CHART. 


COULTER IMMUNOLOGY, A DIVISION OF COULTER CORPORATION 4B: 


© 1987 COULTER CORPORATION. FOR RESEARCH USE ONLY: NOT FOR DIAGNOSTIC OR THERAPEUTIC USE. 








Twenty 
Years ago, 


leukemia 
killed 
enough 


people 
to fill the 


houston 
Astrodome. 


wenty years ago, leukemia 
was a mysterious disease. Little 
was known about the cause. Less 
was known about the cure 

But since then, the Leukemia 
society of America has funded 
32 million dollars of medical re- 
search in an all-out effort to find 
a cure. 

Today, more and more people 
with leukemia are surviving. Liv 
ing normal lives. But the Leuke- 
mia Society won't be satisfied till 
this killer is stopped for good 

For more information, includ- 
ing the free booklet “What 
Everyone Should Know About 
Leukemia; write to: Leukemia 
Society of America, 733 Third 
Ave., New York, New York 10017. 

















leuxemia 


society of america, inc. 


Were closing in 
on a killer. 


“leukemia and re lated disease 








These Curative Regimens 
Share Only One Integral Component 





©1987 Bristol-Myers U.S. Pharmaceutical and Nutritional Group 
Evansville, indiana 47721 U.S.A. 


(sterile bleomvein sulfate) 


15 Units/vial 





Mead Himen 


ONCOLOGY PRODUCTS 
Bristol-Myers Oncology Division 
Evansville, Indiana 47721 U.S.A. 


Please see next page for 
brief summary and references. 





(sterile bleomycin sulfate) 
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Blenoxane (sterile bleomycin sulfate) 


Brief Summary of Prescribing Information (1) 10°84. For complete srescribeng informa: 
fon please consult product literature. 


on 












WARNING 

‘Lis recorimended that Blenoxane* be administered under the supervision of a quatified physi- 
clan expenencedin the use of cancer chemotherapeutic agents Appropriate management of ther- 
apy and Coraplicatians 1s possible only when adequate chagnashe and treatment! facuites are 
readily available 

Pulmonary fibrosis s the most severe toxicity associated with Blenoxane The mast trequent pe- 
sentation is pheumonihs occasionally progressing te pulmonary fibrosis ffs occurrence 1s higher wn 
elderly patients and in those recenving greater than 490 units total dose. bu: pulmonary toxicity has 
been obserwed in young patients and those treated with ow doses 

A severe ciosyncratic reaction consisting of hypotension. mental confusen, fever chilis, and 
wheezing hes Deen reported m approximately 1% of Winphoma pahents treated with Bienoxane 

| naninusanansnenneyinetitedatererereemmaitenhymunneiinnne aaa aaraa arene” ratte e n a 


INDICATIONS: Biengxane should be considered a palliative treatment it has been shewn to be useful 
nthe managenent of the following neoplasms either as 4 Single agent Gt in proven comomahons with 
olher approve} chemotherapeutic agents 

Squamous Cell Carcinoma — Head and neck indiuding mouth, longue. tonsi. nasopharynx. 
oropharynx, snus. palate. lip, buccal mucosa. gingiva. epigiotis skin. lary. penis. cervix, and 
vulva The resaonse to Blenaxane is poorer in patients wath bead and neck cancer previausly radiated 

Lymphomas ~ Hodgkins reticulum cell sarcoma. lymphosarcama 

Testicular Carcinoma — Embryonal cell, chonocarcnoma. and teratocarcmoma 
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. Read this 
like your life depends on tt. 


Breast cancer found early and 
treated promptly has an excellent 
chance for cure. About a week after 


your period, when breasts are nor- 
mal, practise this self-exam. Ask 
your doctor to teach you this method: 


T 


2.In front ofa mirror. 3.Lying down. 
Observe breasts. Arms Pillow under right 


i 


MA 
\ ens = 7 


Sa 






1. In bath or shower. 
Fingers flat, move op- 


posite hand gently over 
each breast. Check for 
lumps, hard knots, 
thickening. 


} 
CANCER 
SOCIETY” 


This space contributed as a public service 


at sides. Raise arms 
high overhead. Any 
change in nipples, con- 
tours, swelling, dim- 
pling of skin? Palms on 
hips: press down 
firmly to flex chest 
muscles. Breasts do not 
usually match. 


shoulder, right hand 
behind head. Left hand 
fingers flat, press 
gently in small circular 
motions starting at 

12 o'clock. Make about 
three circles moving 
closer to and including 
nipple. Reverse and 
repeat on left. 


Make your 


next lab assistant 
a Baker. 
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The HL-60 Promyelocytic Leukemia Cell Line: Proliferation, 
Differentiation, and Cellular Oncogene Expression 


By Steven J. Collins 


The HL-60 cell line, derived from a single patient with acute 
promyelocytic leukemia, provides a unique in vitro model 
system for studying the cellular and molecular events 
involved in the proliferation and differentiation of normal 


LTHOUGH LEUKEMIC cells from patients with 

acute myeloid leukemia display a seemingly unlimited 
proliferative capacity in vivo, their life span in liquid suspen- 
sion culture is usually limited to a few cell divisions. One 
possible explanation for such limited in vitro proliferation is 
that certain growth factors sustaining leukemic cell division 
in the patient are absent from the in vitro culture environ- 
ment. About 10 years ago, investigators in Dr R. C. Gallo’s 
laboratory at the National Institutes of Health (NIH), in an 
attempt to identify such leukemia-specific growth factors, 
cultured fresh human leukemic cells with conditioned media 
derived from cultures of both human embryonic cells and 
mitogen-stimulated lymphocytes.’ Although the postulated 
leukemia-specific growth factor was never reproducibly 
identified, this experimental approach proved fruitful in a 
number of unexpected ways. The T cell mitogen interleukin 2 
(TCGF) was first identified, and a factor-independent 
immortal cell line (HL-60) with distinct myeloid characteris- 
tics was developed.** The HL-60 cell line, derived from a 
patient with acute promyelocytic leukemia, can be induced to 
differentiate in vitro to a number of different cell types, and 
studies with this leukemic cell line have proved invaluable in 
a variety of different areas. These include: (a) providing 
insight into the control mechanisms of normal granulocyte/ 
monocyte/macrophage differentiation; (b) suggesting new 
therapeutic approaches for patients with leukemia; (c) pro- 
viding a ready source of cDNA for cloning of important 
granulocyte and monocyte enzymes and monokines; (d) 
providing insight into possible mechanisms of rapid regula- 
tion of gene transcription; and (e) serving as an invaluable 
model for studying specific cellular oncogene expression in 
relationship to particular hematopoietic differentiative lin- 
eages. This review attempts to summarize the important 
characteristics of this unique cell line, with particular 
emphasis on HL-60 proliferation, differentiation, and cellu- 
lar oncogene expression. 


GROWTH AND PROLIFERATION 
HL-60 promyelocytic leukemia cells continuously prolif- 
erate in suspension culture with a doubling time of ~36 to 48 
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and leukemic cells of the granulocyte/monocyte/macro-~ 
phage lineage. 
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hours. This characteristic alone makes HL-60 unusual 
among human myeloid leukemias. Most fresh myeloid leuke- 
mia cells when cultured in liquid suspension undergo a 
limited number of cell divisions prior to growth arrest and 
cell death, and relatively few human leukemic cell lines 
displaying distinct myeloid or myelomonocytic characteris- 
tics have been established. What are the characteristics of 
HL-60 cells that make them adapted to such continuous 
growth in liquid suspension? HL-60 cell surface expression 
of transferrin and insulin receptors appears critical to their 
proliferative capacity. HL-60 cells can proliferate in serum- 
free nutrient media (eg, RPMI 1640) provided that it 
is supplemented with transferrin and insulin.’ The require- 
ment for insulin and transferrin is absolute, as HL-60 
proliferation immediately ceases if either of these compounds 
is removed from the serum-free culture media.” Transferrin 
requirement by HL-60 as well as by other cultured cells® 
indicates that an active iron transport system is necessary for 
cell proliferation. HL-60 cells express the transferrin recep- 
tor on the cell surface, and this receptor expression markedly 
decreases as the cells are induced to differentiate terminal- 
ly.” Moreover, monoclonal antibodies to the transferrin 
receptor inhibit HL-60 cell proliferation.’ Similarly, insulin 
receptors are also displayed by HL-60 cells, and insulin 
receptor expression decreases with granulocytic differentia- 
tion of HL-60.'° The presence of the insulin and transferrin 
receptors on HL-60 cells cannot, however, in itself explain 
the unusual in vitro proliferative capacity of this cell line 
since a number of fresh leukemia cells also display these 
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receptors but nevertheless are unable to grow continuously in 
culture. 

The in vitro proliferation of normal myeloid progenitor 
cells is stimulated by the colony-stimulating factor (CSF) 
family of compounds. Certain CSFs also stimulate the 
proliferation of HL-60 cells.'’’ HL-60 cells have been 
postulated to produce certain CSF-like compounds that act 
as autostimulators of HL-60 growth, and several compounds 
exhibiting such “autocrine” activity have been partially 
purified from HL-60-conditioned media. Brennan et al 
described a 13,000 mol wt compound produced by HL-60 
cells which stimulated HL-60 cell growth but which exhib- 
ited no CSF activity on normal mouse bone marrow cells." 
Perkins et al described a 25,000 mol wt HL-60 product with 
similar HL-60 autostimulatory activity. In addition, this 
compound exhibits CSF activity on normal bone marrow and 
shares antigenic determinants with certain CSFs.'* These 
HL-60 autostimulatory products have not been molecularly 
cloned, and it is presently unclear what their exact relation- 
ship is to each other or to the normal CSF molecules. One of 
the chromosome 5 GM-CSF alleles appears to be partially 
deleted in HL-60 cells,’® but there is no evidence that this 
gene is expressed in HL-60 cells, and the effect, if any, of this 
genomic rearrangement on the proliferation of HL-60 is 
presently unknown. 

HL-60 cells also exhibit genetic abnormalities in specific 
cellular oncogenes (see below), and these abnormalities most 
likely also play a role in the unusual ability of these myeloid 
leukemic cells to proliferate continuously in vitro. 


DIFFERENTIATION 


The characteristic of HL-60 cells that has attracted the 
most research interest is their capacity to differentiate in 
vitro to a variety of different cell types of the myelomono- 
cytic lineage. Various agents induce HL-60 cells to differen- 
tate to four general types of cells: (a) granulocytes, (b) 
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monocytes. (c) macrophagelike cells, and (d) eosinophils. 
These des:gnations are somewhat arbitrary, and certain 
HL-60-inc ucing agents give rise to cells with characteristics 
that overla> these categories. Moreover, as emphasized later, 
the induced HL-60 cells are usually deficient in certain 
characteristics of their normal cell counterpart. Neverthe- 
less, these categories provide a convenient outline for discuss- 
ing the numerous and complex phenotypic changes induced 
in this leukemic cell line by a wide variety of agents. These 
categories are discussed separately below. 

Granulocytes. The HL-60 cells are predominantly pro- 
myclocytes but in most cell cultures, particularly passage 60 
or less, ~5 % of the cells exhibit spontaneous differentiation 
to morphologically mature cells including myelocytes, meta- 
myelocytes, banded and segmented neutrophils.’ The addi- 
tion to these cultures of specific inducing agents, including 
polar-planer compounds such as dimethyl sulfoxide 
DMSO,” or other agents such as retinoic acid'® markedly 
increases this spontaneous differentiation, with most cells 
acquiring morphological, functional. enzymatic, and surface 
membrane antigen characteristics of mature granulocytes 
(Table 1). A variety of different compounds induces such 
granulocytc differentiation of HL-60 cells (Table 2). Many 
of these compounds also induce erythroid differentiation in 
Friend mouse erythroleukemia cells.'°? By several criteria, 
this granulocytic differentiation of HL-60 cells is somewhat 
incomplete and defective. For example, most granulocyte- 
induced cultures consist predominantly of metamyelocytes 
and banded neutrophils rather than fully differentiated 
multilobuleted polys. In addition, the granulocyte-induced 
HL-60 cells lack lactoferrin, suggesting that they are defi- 
cient in secondary granules.”’”’ The LDH isoenzyme profile 
of granulocyte-induced HL-60 differs quantitatively from 
the LDH isoenzymes of normal granulocytes consistent with 
incomplete differentiation.” Deficiencies have been de- 
scribed in the myeloperoxidase/peroxide/halide killing sys- 


Table 1. Phenotypic Characteristics of inducad HL-60 Celis 
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Characteristic Uninduced Granulocyte Monocyte Macrophagelike Eosinophil 
Myeloperoxidase 434 [22947 i 22,42 | 8! 4. 96.97 
Eosinophil peroxidase at 4, 96.97 
ASD chloroacetate esterase 4 gs 4 42.81 s 42 
Nonspecific esterase aT. ago) gt ae! 97 
Acid phosphatase ee tiag pros 97 
Biebrich scarlet ee A +3 96 
Plastic adherence 04,155 81,188 __ #5, TBS a 6} 

Chemotaxis Lie nee gee 4. 48 182 
Chemotactic receptors renee pee pee _ 25 
Complement receptors pee ae pa ta? 
F, receptors 4a lead re Teese 
Lysozyme ie? par f tes 
NBT reduction aa gt 45? 25,86 
Phagocytosis IERRA ge VATAR ae q a7 8s 
Microbicidal a 43 p153 
Monocyte/macrophage surface antigens p 42.154 4. 44.65, 154 p 42-44, 156 4 42.85 
Granulocyte surface antigens aonana qg TTR 5 85 
Insulin receptors » i ‘ia | 
Transferrin receptors 478 on ey 
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Arrows indicate a quantitative increase f) or decrease W from uninduced HL-60 levels. Blank spaces correspond to characteristics absent from the 
literature, (+) indicates present, {—) indicates absent, + indicates discrepant or equivocal literature findings. 


HL-60 MYELOID LEUKEMIA CELL LINE 


1235 


Table 2. inducers of Differentiation of HL-60 Celis 
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induced Celt Type 
Granulocyte Monocyte Macrophagelike Eosinophil 
inducing agents Polar-planer compounds’ Vitamin D, © Phorbol esters (TPA}®'*? Alkaline media” 

Retinoic acid’? Na Butyrate'”” Teleocidin'®* ® Butyric acid™ 
Actinomycin D*° Lymphocyte-conditioned media”’ GM-CSF* 
Hypoxanthine™” DIF 
Antithymocyte globulin °° IFN-9*8*98 
Tunicamycin’®’ Tumor necrosis factor’® 
6-thioguanine”™” Ara C° 


-ethionine '* Ara A‘? 





tem in HL-60 granulocytes.“ Unlike other granulocyte 
inducers, retinoic acid treated HL-60 granulocytes do not 
display an increase in chemotactic peptide receptors.” 

Despite these deficiencies, most of the granulocyte-induc- 
ing agents induce terminal differentiation of HL-60 cells; 
that is, the induced cells are no longer capable of prolifera- 
tion. This together with the functional maturation of these 
cells, which enables them to engage in the killing of microor- 
ganisms (Table 1), suggests that these granulocyte inducers, 
particularly retinoic acid, may be of therapeutic benefit in 
patients with myelogenous leukemia. Unfortunately, HL-60 
cells appear to be quite exceptional among acute nonlympho- 
cytic leukemias (ANL) in their response to granulocyte 
differentiation inducers. Indeed, most fresh leukemic cells in 
short-term culture in the presence of granulocyte-inducing 
agents do not exhibit differentiation.” Nevertheless, a 
subset of ANL patients exists, primarily those classified as 
acute promyelocytic leukemia, whose leukemic cells clearly 
exhibit induced granulocytic differentiation in vitro.” More- 
over, there are several anecdotal reports of patients with 
promyelocytic leukemia and with myelodysplastic syndrome 
who have apparently benefited from systemic therapy with 
retinoic acid. ®” 

The mechanism of action of the HL-60 granulocyte induc- 
ers is unknown. At least a 12-hour exposure to DMSO or 
retinoic acid is necessary before any differentiation occurs 
and continuous exposure to these compounds generally is 
required to induce maximum differentiation. ™”? Although 
retinoic acid is believed to exert its biologic effect in many 
cells by interacting with a specific cytoplasmic retinoic-acid 
binding protein (RABP).*** our own observations and those 
of other researchers® indicate that HL-60 cells lack such a 
binding protein. Evidence that retinoic acid-induced HL-60 
differentiation is initiated at the cell surface is provided by 
the observation that granulocytic differentiation occurs in 
HL-60 cells when cultured with retinoic acid immobilized on 
a solid substrate.” HL-60 cell lines resistant to the differen- 
tiation-inducing effects of retinoic acid exhibit an apparent 
high-mol-wt acidic surface membrane glycoprotein that is 
absent from the wild-type HL-60 cells.**°? This aberrant 
surface membrane glycoprotein is hyposialyated, but its 
relationship to the retinoic acid resistance is presently uncer- 
tain.” 

Monocytes. Different compounds induce HL-60 to dif- 
ferentiate to cells exhibiting distinct “monocytic” character- 
istics. These cells morphologically can be confused with 
immature HL-60 granulocytes, and they share many impor- 
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tant functional characteristics with HL-60 celis treated with 
granulocytic inducers (Table 1). They can be readily distin- 
guished from these latter cells, however by different markers, 
including positive staining for the monocyte/macrophage 
specific enzyme a-napthyl acetate esterase (nonspecific 
esterase-NSE),“ by the presence of monocyte specific cell 
membrane antigens,“ and by their capacity for mediating 
antibody-dependent cytoxicity (ADCC).* 

A variety of different naturally occurring compounds 
induces monocytic differentiation of HL-60. These include 
vitamin D, as well as various products found in mitogen- 
stimulated lymphocyte-conditioned media (LCM).77"' 1,25 
dihydroxyvitamin D, induces monocytic differentiation of 
HL-60 cells at concentrations as low as 10°" mol/L“ and 
specific high-affinity cytosol receptors for vitamin D, have 
been observed in HL-60.% This compound also induced 
monocyte/macrophage differentiation in normal human 
bone marrow cells.” Vitamin D, could have therapeutic 
potential but, as with retinoic acid, HL-60 cells appear to be 
unusual among ANL cells in their differentiative response to 
this agent. Other naturally occurring compounds of interest 
that induce monocytic differentiation of HL-60 cells include 
various products produced by mitogen-stimulated mononu- 
clear cell cultures.” An HL-60 monocyte-inducing com- 
pound with mol wt of ~40,000 termed differentiation-induc- 
ing factor (DIF) has been isolated from LCM and from CM 
from the T cell leukemia cell line HUT-102.%° Another 
mitogen-stimulated lymphocyte product, y-interferon, 
(IFN-y) induces monocytic differentiation of HL-60,°°*" 
whereas IFN-a and IFN-@ alone do not exhibit this inducing 
capacity. Synergism among different naturally occurring 
compounds has been demonstrated in the induction of mono- 
cytic differentiation of HL-60. For example, retinoic acid in 
relatively small concentrations synergistically acts with 
DIF.’ IFN-y* and IFN-a“*™ to induce monocytic differen- 
tiation of HL-60. This latter finding is interesting since 
retinoic acid by itself is a granulocytic inducer of HL-60. In 
addition, lymphotoxin and tumor necrosis factor (cachectin), 
which are also products of mitogen-stimulated mononuclear 
cells, also act in synergy to promote IFN-y—induced differen- 
tiation of HL-60.°° 

Therapeutically, monocytic differentiation of HL-60, 
unlike granulocytic differentiation, is not necessarily accom- 
panied by the loss of proliferative capacity of the induced 
cells (ie, monocytic HL-60 differentiation is not necessarily 
terminal differentiation). For example, recombinant IFN-¥ 
alone as well as IFN-y plus retinoic acid induces monocytic 
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characteristics of HL-60 cells, but they have little effect on 
inhibiting HL-60 cell proliferation.**** Moreover, Elias et al 
identified a factor in mitogen-stimulated LCM that mark- 
edly enhances thymidine incorporation of HL-60 cells.” An 
early stimulatory effect of tumor necrosis factor on HL-60 
thymidine incorporation has also been observed.” Thus, 
monocytic differentiation of HL-60 may in certain cases be 
preceded by enhanced cell proliferation, and HL-60 cells 
induced to acquire particular monocytic characteristics have 
not necessarily lost the capacity to proliferate. 
Macrophagelike. The primary inducer of macrophage- 
like HL-60 cells is the phorbol ester tumor promoter 12- 
O-tetradecanoylphorbol-13-acetate (TPA). This TPA- 
induced macrophagelike phenotype is frequently combined 
with the “monocytic” phenotype in discussions of HL-60 
differentiation; indeed, these induced cell types both share 
many of the same enzymatic, histochemical, and functional 
characteristics (Table 1). Several important phenotypic 
characteristics clearly distinguish the HL-60 macrophage- 
like differentiation from HL-60 monocytic differentiation, 
however. First, TPA-treated HL-60 cells are markedly more 
adherent than HL-60 monocytes. TPA-treated cells exhibit 
intense adherence to plastic with prominent pseudopodia 
formation and also markedly adhere to each other.®' Sec- 
ond, several specific surface antigens present on normal and 
HL-60 monocytes are not induced in TPA-treated HL-60 
cells.“ Third, no induction of chemotactic peptide 
receptors or of NBT reduction activity occurs in TPA- 
treated HL-60,” whereas these characteristics are readily 
demonstrated in HL-60 monocytes. In contrast to mono- 
cytic induction, TPA induction of HL-60 is associated with a 
rapid profound loss in proliferative capacity. Few HL-60 
cells are able to enter S-phase after exposure to TPA.®! 
Moreover, TPA-induced HL-60 differentiation can occur in 
the absence of cell division or new DNA synthesis. Fifth, 
in contrast to the HL-60 granulocyte and monocyte inducers, 
prolonged exposure to TPA is not necessary to induce 
macrophagelike differentiation. Significant macrophagelike 
differentiation occurs in HL-60 cells after TPA exposure as 
short as 20 minutes.*' Finally, unlike the granulocytic and 
monocytic HL-60 inducers, TPA induction is not confined to 
a small subset of fresh nonlymphocytic leukemia cells. 
Indeed, most acute myeloid leukemia cells as well as chronic 
myelogenous leukemia (CML) blast crisis cells exhibit this 
macrophagelike differentiation when exposed to TPA.% © 
There is a curious dose dependency of the TPA-induced 
phenotypic changes in HL-60 cells. At low doses of TPA 
(3 x 10°'° mol/L), HL-60 colony formation in soft agar in 
the absence of colony-stimulating factor (CSF) is enhanced 
~ twofold (S. Collins, unpublished observations). Such col- 
ony formation is suppressed at TPA concentrations of =10~° 
mol/L. This dose-dependent TPA stimulation is similar to 
that reported on the KG-1 myeloid leukemia cell line” as 
well as on fresh human myeloid leukemic cells” and on 
mouse bone marrow colony-forming cells.” At slightly 
higher concentrations (4 x 10°'° mol/L), TPA has induced 
granulocytic differentiation of HL-60 in liquid suspension 
culture.” Concentrations >5 x 10°" mol/L induced the 
macrophagelike phenotype. Thus, at low concentrations of 
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TPA, HL-60 proliferation is somewhat enhanced, at slightly 
higher comcentrations granulocytic maturation occurs and, 
at still hizher concentrations, the macrophagelike HL-60 
phenotype is induced. 

TPA exerts different phenotypic changes on HL-60 cells 
depending on the differentiative state of these cells. In 
HL-60 cells induced to granulocytes or monocytes TPA 
induces respiratory burst activity with the conversion of 
oxygen to superoxide anion.”*** This reaction forms the basis 
for the nitroblue tetrazolium (NBT) test, which is commonly 
used to quantitate HL-60 differentiation since undifferen- 
tiated HL-60 cells do not exhibit this particular response to 
TPA.”*” Similarly, TPA rapidly induces chemiluminescence 
in HL-60 cells induced to granulocytes but not in uninduced 
HL-60.” 

in contrast to the granulocytic and monocytic HL-60 
inducers considerable information is available related to the 
mechanism of action of TPA. HL-60 variant subclones have 
been isolated that are resistant to DMSO but that differen- 
tiate with TPA, suggesting that different pathways are 
involved ir DMSO- and TPA-induced HL-60 differentia- 
tion.” TPA may exert many of its effects through protein 
Kinase C, a calcium- and phospholipid-dependent enzyme 
that is widely distributed in numerous tissues and which 
plays a crucial role in transducing various extracellular 
signals across the cell membrane. ™” HL-60 cells harbor 
specific receptors for TPA,*°*! and considerable evidence in 
HL-60 as well as in other cells shows that the TPA receptor is 
indeed pro-ein kinase C.**** Normally, protein kinase € is 
transiently activated by diacylglycerol, but TPA can substi- 
tute for endogenous diacylglycerol, resulting in prolonged 
activation of the enzyme.” This activation of protein kinase 
C in HL-60 cells could result in the phosphorylation of 
specific substrate proteins leading to the macrophagelike 
phenotypic changes induced by TPA. What are the possible 
substrates for activated protein kinase C in TPA-stimulated 
HL-60 cells? Following l-hour treatment with TPA, 
increased phosphorylation of at least 14 proteins has been 
noted in HL-60." Specifically, rapid phosphorylation of the 
HL-60 transferrin receptor occurs, associated with a decline 
in surface transferrin-receptor number.*’ In addition, phos- 
phorylation of two cytosol proteins (17 and 27 kd in size) 
occurs in E L-60 cells within 15 minutes after exposure to 
TPA.“ Activation of topoisomerase Il by protein kinase C 
has been observed in vitro and this, together with the 
observation that TPA-induced HL-60 differentiation is par- 
tially blocked by inhibitors of topoisomerase II, suggests that 
this DNA-modulating enzyme could be an important target 
for activated protein kinase C in TPA-treated HL-60 cells.” 

HL-60 variants stably resistant to TPA-induced differen- 
tiation have been derived by culturing the cells in gradually 
increasing concentrations of TPA." These TPA-resistant 
HL-60 cells generally exhibit the same number of TPA 
receptors exhibited by wild-type HL-60."' Moreover, simi- 
lar cellular proteins are rapidly phosphorylated after TPA 
exposure in both the TPA-sensitive and TPA-resistant HL- 
60 cells, but the quantitative level of this rapid phosphoryla- 
tion is significantly less in the TPA-resistant v the TPA- 
sensitive ce ls.’ These observations suggest that a block 
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exists in the enzymatic activity of protein kinase C after its 
interaction with TPA in the TPA-resistant cells. This block 
may be related to the aberrant translocation of this enzyme 
from cytosol to membrane fractions that has been observed 
in the TPA-resistant HL-60 cells as compared with the 
TPA-sensitive HL-60 cells.” 

The TPA-induced binding to, and activation of, protein 
kinase C appears to be important in the TPA-induced 
differentiation of HL-60 cells. Several observations suggest, 
however, that activation of protein kinase C cannot by itself 
account for this macrophagelike differentiation, For exam- 
ple, the synthetic diacylglycerol |-oleoyo-2-acetylglycerol 
(OAG) binds to and activates protein kinase C and induces 
the rapid phosphorylation of HL-60 cellular proteins." This 
compound, however, does not induce HL-60 differentia- 
tion." Similarly, the macrocyclic lactone bryostatin binds to 
and activates protein kinase C in HL-60 but actually inhibits 
TPA-induced HL-60 differentiation in a dose-dependent 
manner.” These observations suggest that a TPA effect 
other than, or in addition to, activation of protein kinase C 
must account for the macrophagelike differentiation of HL- 
60. The nature of this additional TPA action remains to be 
defined. 

Eosinophils. Several observers have noted cells positive 
for the eosinophil specific Luxol-fast-blue stain in a small 
percentage (4% to 7%) of HL-60 colonies cloned in semisolid 
agar culture." The proportion of colonies containing such 
cells increased with the addition of crude preparations of 
GM-CSF. Preparations containing EO-CSF, which stimu- 
lates the formation of normal eosinophil colonies, had no 
effect on the incidence of such colonies.'* Similarly, purified 
recombinant GM-CSF induces a small but significant 
increase in the number of Biebrich scarlet cells in HL-60 
liquid suspension cultures.'’ Moreover, variant HL-60 sub- 
clones exhibiting virtually 100% staining with Biebrich scar- 
let as well as other eosinophil characteristics have been 
isolated and stably maintained in continuous suspension 
culture.” Fischkoff et al noted that the proportion of cells 
exhibiting eosinophilic characteristics in the wild type HL-60 
line could be markedly increased by culturing the cells in 
slightly alkaline media (pH 7.6 to 7.8).”’ These induced cells 
have been extensively characterized and demonstrate multi- 
ple eosinophilic granule proteins, including the eosinophil 
major basic protein (MBP), the Charcot-Leyden Crystal 
(CLC) protein, eosinophil peroxidase, acid phosphatase, and 
arylsulfatase.”’"* Parental, uninduced HL-60 cells also 
exhibit the eosinophil MBP. The amount of this protein 
markedly diminishes when the culture is treated with granu- 
locytic inducers such as DMSO.” 

Some of the HL-60 eosinophilic characteristics are aber- 
rant as compared with those of normal eosinophils. This ts 
particularly true with regard to granule formation. For 
instance, the HL-60 eosinophilic granules are chloroacetate 
esterase and PAS positive, whereas normal eosinophilic 
granules are negative for both.” HL-60 eosinophils express 
significantly less CLC and arylsulfatase protein than do 
normal eosinophils.” Such abnormalities are similar to those 
observed in the dysplastic eosinophils present in the bone 
marrow of patients with acute myelomonocytic leukemia. 


1237 


This latter syndrome is associated with karyotypic abnormal- 
ities involving the long arm of chromosome 16,”' and 
similar karyotypic abnormalities in this chromosome region 
have been noted in HL-60 metaphases.” 


HL-60 ONCOGENE STRUCTURE AND EXPRESSION 


HL-60 cells provide an invaluable model system for 
studying the relationship of oncogene structure and expres- 
sion to normal and leukemic cell proliferation and dilfferen- 
tiation. Several mutations involving specific cellular onco- 
genes have been noted in HL-60, reinforcing the concept that 
the development of malignancy is a multistage phenomenon, 
that cancer results not from a single mutation but from a 
series of mutations. In addition, studies on HL-60 have 
provided important insight into the relationship of specific 
oncogene expression to differentiation along a specific hema- 
topoietic lineage. 

HL-60 cells exhibit specific genomic mutations involving 
the cellular oncogenes c-myc, N-ras and p53. These are 
discussed separately. 

c-myc amplification. The human c-myc gene is defined 
by virtue of its homology to v-myc, the transforming gene of 
the avian myelocytoma virus, which induces myeloid tumors 
in chicks. The protein product of this cellular oncogene is 
localized in the nucleus," and enhanced expression of the 
c-myc gene is rapidly induced following mitogenic stimula- 
tion of resting lymphocytes or fibroblasts.'* In addition, this 
oncogene acts in concert with other oncogenes, particularly 
those in the ras gene family, to malignantly transform 
primary rodent fibroblast cultures. HL-60 cells exhibit a 
15- to 30-fold genomic amplification of c-myc as compared 
with normal cells. %0 This observation was the first 
reported example of amplification of a cellular oncogene in 
any human malignancy. This c-myc amplification was also 
present in the fresh, uncultured leukemic cells of the patient 
from whom the HL-60 cell line was derived, indicating that 
this amplification did not arise during prolonged in vitro 
culture. This c-myc amplification exhibited by HL-60 
appears to be unusual among human hematopoietic malig- 
nancies. In a survey of >100 fresh human leukemias and 
lymphomas, Rothberg et al noted only one other hemato- 
poietic malignancy (a Burkitt lymphoma) that exhibited 
genomic amplification of c-myc.’ 

In correlation with this genomic c-myc amplification, 
HL-60 cells exhibit high levels of steady state c-myc RNA. 
These levels significantly decrease as HL-60 cells are 
induced to differentiate terminally with granulocytic induc- 
ers.” In addition, monocytic and macrophagelike differen- 
tiation of HL-60 is associated with a marked decrease in 
c-myc RNA levels.'*! This decreased c-mtyc expression in 
differentiating HL-60 cells appears to mimic that which 
occurs in normal hematopoiesis since a similar decrease in 
c-myc RNA has been noted in normal bone marrow progeni- 
tor cells undergoing terminal differentiation in liquid suspen- 
sion culture.''° 

Decreased c-myc transcription rather than enhanced c- 
myc MRNA degradation appears to account for the dimin- 
ished steady-state c-myc RNA in differentiated HL-60.07""° 
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In retinoic acid-treated HL-60 this transcriptional downreg- 
ulation occurs as a block in elongation of the myc RNA 
transcript between exons | and 2 rather than as decreased 
transcript initiation." This novel mechanism of transcrip- 
tional downregulation might be particularly adapted to genes 
in which transcription is rapidly regulated and HL-60 cells 
provide the prototype model for studying this phenomenon. 

N-ras. HL-60 genomic DNA is capable of malignantly 
transforming NIH3T3 cells in transfection assays, and the 
HL-60 gene that mediates this transformation has been 
identified as the N-ras gene,''* a member of the ras family of 
oncogenes which also includes Kirsten and Harvey ras. 
Acquisition of NIH3T3-transforming ability frequently is 
associated with specific point mutations within the ras 
oncogenes, and a point mutation involving the second nucleo- 
tide of N-ras codon 61 has been documented in HL-60.''5 
Other acute myeloid leukemia cells exhibit NIH3T3-trans- 
forming activity and N-ras point mutations.''©'" In contrast 
to HL-60, these mutations usually involve N-ras codons 12 
and 13,6 

The normal cell function of the N-ras cellular oncogene is 
presently unknown. Why acute myeloid leukemia cells pre- 
ferentially exhibit mutations in this particular ras gene 
rather than in other members of the ras gene family is also 
unclear. In contrast to c-myc gene expression, expression of 
the N-ras gene does not appear to change significantly as 
HL-60 cells are induced to differentiate. An approximately 
twofold decrease in N-ras RNA was noted in DMSO- 
differentiated HL-60,''° whereas no change in N-ras expres- 
sion was noted in TPA-treated HL-60 cells.!” 

p53. The p53 protein is frequently found at elevated 
levels in various types of tumor cells. This protein shares 
some characteristics with the c-myc product. Both are local- 
ized to the nucleus, and p53 can substitute for myc in the 
myc-ras cooperative transformation of primary rodent fibro- 
blast cultures. The p53 locus is on the short arm of 
chromosome 17,'* and this gene is extensively deleted in 
HL-60 associated with absent p53 expression.'” Moreover, 
the opposite p53 allele is absent, presumably secondary to the 
monosomy I7 that has been demonstrated in HL-60 meta- 
phases.’ The selective advantage if any of this p53 deletion is 
unknown. Because c-myc and p53 may share similar physio- 
logic functions, it has been suggested that loss of p53 in 
progenitors of HL-60 may have led to the subsequent selec- 
tion of cells harboring amplification of c-myc. '® 

Although the expression of cellular oncogenes was initially 
presumed to be associated with actively proliferating cells, 
some recent rather surprising observations indicate that 
expression of some cellular oncogenes is enhanced in certain 
terminally differentiated cells. Examples of this in HL-60 
involved the fos, fms, sre and fer oncogenes. 

c-fos. The c-fos gene is the homolog of v-fos, the trans- 
forming gene of the FBJ-murine sarcoma virus, which 
induces osteosarcomas in mice. The c-fos gene product is 
localized in the nucleus." Mitogen stimulation of resting 
fibroblasts induces the rapid (within 5 to 10 minutes) onset 
of c-fos mRNA and protein product, suggesting that c-fos 
may play a role in rendering resting cells competent to 
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divide. It is somewhat paradoxical then that a similar 
rapid incuction of c-fos is noted when HL-60 cells are 
treated with TPA,’*!” since this compound also induces a 
rapid, pronounced inhibition of HL-60 proliferation.®'? 
Enhancec c-fos expression has also been noted during the 
monocytic differentiation of the mouse WEHI-3B cell line,'° 
as well as in normal monocytes and macrophages.'*! More- 
over, HL-60 cells induced to monocytes with vitamin D, also 
exhibit erhanced fos expression, although such fos expres- 
sion occurs more gradually without the rapid initial c-fos 
expression noted in TPA-treated HL-60.'" The role that 
c-fas plays in monocyte/macrophage differentiation is pres- 
ently unciear. c-fos expression does not appear to be abso- 
lutely essential for monocyte differentiation since vitamin D, 
has been 1oted to induce monocytic differentiation of some 
HL-60 variant subclones without inducing enhanced c-fos 
expressior .!" 

c-fms. The c-fms gene is the cellular homolog of the 
transforming gene of the McDonough strain of the feline 
sarcoma virus. The c-fms gene product appears to be identi- 
cal to the cell membrane receptor for the monocyte/ 
macrophaze colony-stimulating factor (CSF-1)."* HL-60 
cells induced to differentiate to monocytes with vitamin Ð, or 
to macrophagelike cells with TPA express enhanced c-fms 
RNA leve:s as compared with uninduced HL-60 cells. The 
Kinetics of this enhanced expression is considerably slewer 
than induced c-fos expression, with c-fms transcripts initially 
noted ~6 Fours after inducer treatment and peaking at 24 to 
48 hours following induction. By means of immunologic 
reagents CSF-1 receptors have been detected on monocyte- 
induced HL-60 cells, but their numbers appear relatively 
small when compared with normal monocytes / macrophages 
(C. Rettermier, personal communication, July, 1986). No 
enhanced fms expression is noted in HL-60 cells treated with 
granulocytic inducers. 

e-src. The c-sre gene is the cellular homolog of the 
transforming gene of the Rous sarcoma virus and codes for a 
cell membrane-associated protein (pp60°") with tyrosine 
kinase activity. The levels of pp60°” kinase activity are 
increased in HL-60 cells induced to macrophages, mono- 
cytes, or granulocytes with TPA, vitamin D,, and DMSO, 
respectivelv.'** Normal nonleukemic monocytes also exhibit 
relatively Figh levels of pp60°” activity." Terminally dif- 
ferentiated rat CNS neurons similarly exhibit relatively high 
levels of c-src.' The physiologic function of c-src in mature 
myeloid cells and neurons is presently unknown, but the high 
level of expression of this cellular oncogene in these termi- 
nally differentiated cell types indicates that its function is 
probably uarelated to active cell proliferation. 

c-fgr. c-fgr is the cellular homolog of the transforming 
gene of the Gardner-Rasheed feline sarcoma virus. This gene 
is a member of the src family of oncogenes and codes for a 
cell membrane-associated protein with tyrosine kinase activi- 
ty.'"” This gene is expressed in peripheral blood leukocytes 
with preferential expression in mature monocytes and granu- 
locytes and little expression in B and T lymphocytes. Induc- 
tion of HL-50 granulocytic differentiation is associated with 
a marked increase in the level of expression of c-fgr (K. 
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Robbins, personal communication, July, 1986). As with 
c-src, the physiologic function of c-fgr in the terminally 
differentiated HL-60 cells is presently unknown. 


SUMMARY AND FUTURE STUDIES 


How closely does the in vitro HL-60—induced differentia- 
tion mimic normal granulocyte/monocyte/macrophage dif- 
ferentiation? As emphasized above, differences exist 
between the induced HL-60 cells and normal granulocytes 
and monocytes. Whether this reflects an intrinsic defect in 
the karyotypically abnormal HL-60 leukemic cells or repre- 
sents the failure of such in vitro manipulations to mimic the 
normal in vivo hematopoietic environment is unknown. A 
related question is whether the bipotential (granulocyte/ 
monocyte) nature of the HL-60 promyelocytes has its coun- 
terpart in normal promyelocytes. Granulocytes and mono- 
cytes clearly share a common stem cell, as evidenced by the 
frequent observation of mixed granulocyte/monocyte colo- 
nies in CFU-c assays. This stem cell, however, is generally 
believed to be more immature than the heavily granulated, 
peroxidase-positive promyelocyte, whose progeny are usually 
assumed to be granulocytes. The behavior of HL-60 pro- 
myelocytes suggests that the normal promyelocyte may also 
be capable of differentiating to monocytes. In this regard, it 
is noteworthy that studies in which HL-60 cells are treated 
sequentially with granulocytic (retinoic acid) and monocytic 
(vitamin D,) inducers indicate that early events in the 
induction of HL-60 promyelocytes to granulocytes or mono- 
cytes are shared by cells of both lineages.'** Nevertheless, the 
caveat remains that the leukemic HL-60 promyelocyte is 
aberrant and does not truly reflect the differentiative poten- 
tial of normal promyelocytes. 

The synergistic effect of various naturally occurring com- 
pounds, including retinoic acid, tumor necrosis factor, DIFs, 
and the interferons on HL-60 ceils may reflect some of the 
normal control mechanisms involved in hematopoiesis. 
Although the usual in vitro hematopoietic stem cell agar 
assays generally exploit the effect of single compounds such 
as CSF or erythropoietin on stem cell proliferation and 
differentiation, the situation in vivo is undoubtedly more 
complex. Normal hematopoietic stem cell proliferation and 
differentiation probably results from a complex array of 
synergistic inhibitory and stimulatory signals provided by 
lymphokines, monokines, vitamins, corticosteroids, interfer- 
ons, and the various CSFs. HL-60 cells provide a convenient 
system for assessing the synergistic effect of such biologic 
response modifiers on granulocyte /monocyte/macrophage 
differentiation. 

What is the relation between TPA-induced HL-60 and 
normal monocyte/macrophage differentiation? TPA is a 
plant derivative that appears to mimic the effect of naturally 
occurring compounds such as diacyglycerol in activating the 
protein kinase C family of enzymes. Conceivably, TPA is not 
so selective as such endogenous activators of these enzymes 
and might simultaneously activate a number of different 
cellular enzymes and targets. This “sledgehammer” effect 
might account for the unusual macrophagelike phenotype 
exhibited by TPA-treated HL-60 cells. TPA is a very active 
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membrane stimulator and induces oxidase activity, chemilu- 
minescence, and degranulation in both normal and induced 
HL-60 monocytes and macrophages. Such membrane effects 
may also be mediated through protein kinase C.'"'® TPA 
may simultaneously induce both differentiation and mem- 
brane activation of HL-60 cells to account for the unusual 
phenotype of TPA-treated HL-60. 

The recent isolation and analysis of protein kinase C 
cDNA clones indicates that at least three distinct types of 
this enzyme are present in mammalian species and that 
expression of these different enzymes varies from tissue to 
tissue.'*'"'*? It will be of interest to determine the distribution 
of these different protein kinase C enzymes in uninduced v 
induced HL-60 cells. Conceivabiy, these various protein 
kinases may act on different substrates, may have different 
affinities for TPA, and may be differentially distributed in 
uninduced v induced HL-60. This might account for the 
different phenotypic changes induced in HL-60 by different 
concentrations of TPA and might also explain the different 
effects induced by TPA depending on the state of differentia- 
tion of the HL-60 cells. 

The pronounced antiproliferative effect of TPA on HL-60 
is of particular interest and could have therapeutic relevance, 
since a similar TPA-induced effect is also noted in most fresh 
acute myelogenous leukemia cells. The adverse effects (in- 
cluding tumor promotion) exerted by TPA on other cell 
types, however, rules out its current use as a therapeutic 
agent.’ Future studies attempting to define the specific 
HL-60 TPA targets that trigger this growth inhibition 
should provide a greater understanding of the antiprolifera- 
tive effects of TPA and may lead to more selective thera- 
peutic agents for myeloid leukemia. 

The HL-60 cell line, because of its distinct monocyte / 
granulocyte characteristics, will continue to provide a ready 
source of specific human mRNA for use in cloning important 
granulocyte and monocyte enzymes and monokines. Exam- 
ples of such monocyte/granulocyte specific clones derived 
from HL-60 to date include the gene for tumor necrosis 
factor (cachectin) cloned from a TPA-treated HL-60 cDNA 
library'* and the candidate gene that is defective in chronic 
granulomatous disease, cloned from a granulocyte-induced 
HL-60 cDNA library.” 

HL-60 cells exhibit structural abnormalities of at least 
three different cellular oncogenes (c-myc, N-ras, and p53) 
and one hematopoietic growth factor (GM-CSF). How such 
mutations are related to the continuous proliferation and 
block in differentiation exhibited by HL-60 is an area of 
active investigation. Of particular experimental interest is 
the relationship between the HL-60 c-myc amplification and 
this block in differentiation. Does the induction of decreased 
levels of c-myc RNA per se lead to differentiation of HL-60 
cells or are other direct or indirect effects of differentiation 
inducers on other HL-60 genes required: An “antisense” 
15-base pair (bp) oligonucleotide complementary to the 
translation initiation region of c-myc was recently noted to 
induce differentiation of HL-60 cells (J. Holt, personal 
communication, December, 1986). The control “sense” olig- 
omer was ineffective in inducing such differentiation. These 
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observations are preliminary but suggest that the c-myc 
product is critical to maintaining HL-60 cells in a relatively 
undifferentiated proliferative state and that inhibition of this 
product alone may result in the terminal differentiation of 
HEGO cells. The normal physiologic function of most of the 
cellular oncogenes remains to be defined. Particularly per- 
plexing are those oncogenes such as fer, fos, and src whose 
expression is enhanced in certain terminally differentiated 
rather than actively proliferating cells. How closely HL-60 
leukemic cell differentiation mimics the differentiation of 
normal myeloid progenitor cells is presently unclear, and 
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significant differences between the mechanisms of HL-60 
and normal myeloid progenitor cell differentiation may exist. 
Neverthe ess, the specific changes in myc, fos, fer, and src 
cellular cncogene expression that characterize HL-60 cell 
differentiation also appear to occur during normal myeloid 
cell differentiation. Thus, HL-60 cells should continue to 
provide an excellent model system for studying both the 
regulation of expression of these cellular oncogenes and the 
physiolog c role these particular genes play in the terminal 
differentiation of normal monocytes, macrophages, and 
granulocytes. 


REFERENCES 


1. Gallagher R, Ruscetti F, Collins S, Gallo R: Growth and 
differentiation of human myelogenous leukemia cells in conditioned 
media from human embryo cultured cells, in Bentvelzen P, Hilgers J, 
Yohn D, eds. Advances in Comparative Leukemia Research. 
Amsterdam, Elsevier / Biomedical, 1978 p 303 

2. Morgan D, Ruscetti F, Gallo R: Selective in vitro growth of T 
lymphocytes from normal human bone marrows. Science 193-1007, 
1976 

3. Collins S, Gallo R, Gallagher R: Continuous growth and 
differentiation of human myeloid leukemic cells in suspension cul- 
ture. Nature 270:347, 1977 

4. Gallagher R, Collins S, Trujillo J, McCredie M, Ahearn M, 
Tsai S, Metzgar R, Aulakh G, Ting R, Ruscetti F, Gallo R: 
Characterization of the continuous, differentiating myeloid cell line 
(HL-60) from a patient with acute promyelocytic leukemia. Blood 
54:713, 1979 

5. Breitman T, Collins S, Keene B: Replacement of serum by 
insulin and transferrin supports growth and differentiation of the 
human promyelocytic leukemia cell line, HL-60. Exp Cell Res 
126:494, 1980 

6. Barnes D, Sato G: Methods for growth of cultured cells in 
serum free medium. Ana! Biochem 102:255, 1980 

7. Omary M. Trowbridge I, Minowada J: Human cell surface 
glycoproteins with unusual properties. Nature 286:888, 1980 

8. Sutherland R, Delia D, Schneider C, Newman R, Kemshead J, 
Greaves M: Ubiquitous cell surface glycoprotein on tumor cells is 
proliferation associated receptor for transferrin. Proc Nat! Acad Sci 
USA 78:4515, 198] 

9. Taetle R, Honeysett J, Trowbridge I: Effects of anti- 
transferrin receptor antibodies on growth of normal and malignant 
myeloid cells. Int J Cancer 32:343, 1983 

10. Chaplinski T, Bennett T, Caro J: Alteration in insulin recep- 
tor expression accompanying differentiation of HL-60 leukemia 
cells. Cancer Res 46:1203, 1986 

11. Ruscetti F, Collins S$, Woods A, Gallo R: Clonal analyses of 
the response of human myeloid leukemia cell lines to colony stimu- 
lating activity. Blood 58:285, 198] 

12. Metcalf D: Clonal analysis of the response of HL-60 human 
myeloid leukemia cells to biologic regulators. Leuk Res 7:117, 1983 

13. Tomonaga M, Golde D. Gasson J: Biosynthetic (recombi- 
nant) human granulocyte-macrophage colony stimulating factor: 
Effect on normal bone marrow and leukemia cell lines. Blood 67:31, 
1986 

14. Brennan J, Abboud C, DiPersio J, Barlow G, Lichtman M: 
Autostimulation of growth by human myelogenous leukemia cells 
(HL-60). Blood 58:803, 1981 

15. Perkins $, Andreotti P, Sinka S, Wu M, Yunis A: Human 
myeloid leukemic cell (HL-60) autostimulator: Relationship to 
colony-stimulating factor. Cancer Res 44:5169, 1984 

16. Huebner K, Isobe M, Croce C, Golde D, Kaufman S, Gasson 


J: The human gene encoding GM-CSF is at 5q21-32, the chromo- 
some region deleted in the Sq” anomaly. Science 230:285, 1985 

17. Coll ns S, Ruscetti F, Gallagher R, Gallo R: Terminal 
differentiation of human promyelocytic leukemia cells induced by 
dimethylsu foxide and other polar compounds. Proc Nat! Acad Sci 
USA 75:2458, 1978 

18. Brei-man T, Selonick S, Collins S: Induction of differentia- 
tion of the human promyelocytic leukemia cell line (HL-66) by 
retinoic acid. Proc Natl Acad Sci USA 77:2936, 1980 

19. Friend C, Scher W, Holland J, Sato T: Hemoglobin synthesis 
in murine virus induced leukemia cells in vitro: Stimulation of 
erythroid d ferentiation by dimethylsulfoxide. Proc Natl Acad Sci 
USA 68:373, 1971 

20. Collins S, Bodner A, Ting R, Gallo R: Induction of morpho- 
logical and “unctional differentiation of human promyelocytic leuke- 
mia cells (4AL-60) by compounds which induce differentiation of 
murine leukemia cells. Int J Cancer 25:213, 1980 

21. Newourger P, Chovaniec M, Greenberger J, Cohen H: Func- 
tional changes in human leukemic cel! line HL-60: A model for 
myeloid differentiation. J Cell Biol 82:315, 1979 

22. Olsson 1, Olofsson T: Induction of differentiation in a human 
promyelocy:ic leukemic cell line (HL-60). Production of granule 
proteins. Exp. Cell Res 131:225, 198] 

23. Pantazis P, Lazarou S, Papadopoulos N: Isoenzymes of 
lactate dehydrogenase in human leukemic cells in cultures treated 
with induces of differentiation. J Cell Biol 90:396, 1981 

24. Pullen G, Hosking C: Differentiated HL60 promyelocytic 
leukemia cells have a deficient myeloperoxidase/halide killing sys- 
tem. Clin Exp Immunol 62:304, 1985 

25. Skubitz K, Zhen Y, August T: Dexamethasone synergisti- 
cally induces chemotactic peptide receptor expression in HL-60 
celis. Blood 59:586, 1982 

26. Breitnan T, Collins S, Keene B: Terminal differentiation of 
human promyelocytic leukemia cells in primary culture in response 
to retinoic acid. Blood 57:1004, 1981 

27. Koeffier H, Yelton L, Prokocimer M, Hirji K: Study of 
differentiation of fresh myelogenous leukemic cells by compounds 
that induce a human promyelocytic leukemic line (HL-60) to 
differentiate, Leuk Res 9:73, 1985 

28. Flynr P, Miller W, Weisdorf D, Arthur D, Brunning R, 
Branda R: Retinoic acid treatment of acute promyelocytic leukemia: 
In vitro and in vivo observations. Blood 62:1211, 1983 

29. Nilsson B: Probable in vivo induction of differentiation by 
retinoic acid of promyelocytes in acute promyelocytic leukemia. Br J 
Haematol 57:365, 1984 

30. Daenen S, Vellenga E, van Debbenburgh O, Halie M: 
Retinoic ac:d as antileukemic therapy in a patient with acute 
promyelocytic leukemia and Aspergillus pneumonia. Blood 67:559, 
1986 

31. Kerndrup G, Bendix-Hansen K, Pedersen B, Ellegaard J, 





HL-60 MYELOID LEUKEMIA CELL LINE 


Hokland P: Primary myelodysplastic syndrome: Treatment of 6 
patients with 13-cis-retinoic acid Scand J Haematol 36:128, 1986 
(suppl 45) 

32. Abrahm J, Besa E, Hyzinski M, Finan J, Nowell P: Disap- 
pearance of cytogenetic abnormalities and clinical remission during 
therapy with | 3-cis-retinoic acid in a patient with myelodysplastic 
syndrome: Inhibition of growth of the patient’s monocytoid clone. 
Blood 67:1323, 1986 

33. Tarella C, Ferrero D, Gallo E, Pagliardi G, Ruscetti F: 
Induction of differentiation of HL-60 cells by dimethylsulfoxide: 
Evidence for a stochastic model not linked to the cell division cycle. 
Cancer Res 42:445, 1982 

34. Sani B, Hill D: Retinoic acid: A binding protein in chick 
embryo metatarsal skin. Biochem Biophys Res Commun 61:1276, 
1974 

35. Ong D, Page D, Chytil F: Retinoic acid binding protein: 
Occurrence in human tumors. Science 190:60, 1975 

36. Douer D, Koeffler H: Retinoic acid inhibition of the clonal 
growth of human myeloid leukemia cells. J Clin Invest 69:277, 
1982 

37. Yen A, Reece S, Albright K: Membrane origin for a signal 
eliciting a program of cell differentiation. Exp. Cell Res 152:493, 
1984 

38. Gallagher R, Bilello P, Ferrari A, Chang C-S, Chiu Yen 
R-W, Nickols W, Muly E: Characterization of differentiation- 
inducer—resistant HL-60 cells. Leuk Res 9:967, 1985 

39. Felsted R, Gupta S, Glover C, Gallagher R: Surface mem- 
brane glycoproteins of wild-type and differentiation-inducer—resis- 
tant HL-60 cells. Blood 66:606, 1985 

40. Gallagher R, Gianguilio D, Chang C-S, Glover C, Felsted R: 
Hyposialyation of differentiation-inducer—resistant HL-60 cells. 
Blood 68:1402, 1986 

41. Yam L, Li C, Crosby W: Cytochemical identification of 
monocytes and granulocytes. Am J Clin Pathol 55:283, 1971 

42. Todd R, Griffin J, Ritz J, Nadler L, Abrahms T, Schlossman 
S: Expression of normal monocyte-macrophage differentiation anti- 
gens on HL-60 promyelocytes undergoing differentiation induced by 
leukocyte-conditioned medium or phorbol diester. Leuk Res 5:491, 
1981 

43. Graziano R, Ball E, Fanger M: The expression and modula- 
tion of human myeloid-specific antigens during differentiation of the 
HL-60 cell line. Blood 61:1215, 1983 

44. Dayton E, Perussia B, Trinchieri G: Correlation between 
differentiation expression of monocyte-specific antigens and cytoxic 
function in human promyelocytic cell lines treated with leukocyte- 
conditioned medium. J Immunol 130:1120, 1983 

45. Ball E, Guyre P, Shen L, Glynn J, Maliszewski C, Baker P, 
Fanger M: Gamma interferon induces monocytoid differentiation in 
the HL-60 cell line. J Clin Invest 73:1072, 1984 

46. Hemmi H, Breitman T: Combinations of recombinant human 
interferons and retinoic acid synergistically induce differentiation of 
the human promyelocytic leukemia cell line HL-60, Blood 69:501, 
1987 

47. Miyaura C, Abe E, Kuribayashi T, Tanaka H, Konno K, 
Nishii Y, Suda T: 1 Alpha, 25 dihydroxyvitamin D, induces 
differentiation of human myeloid leukemia cells. Biochem Biophys 
Res Commun 102:937, 1981 

48. Tanaka H, Abe E, Miyaura C, Kuribayashi T, Konno K, 
Nishu Y, Suda T: | Alpha 25 dihydroxycholecalciferol and a human 
myeloid leukemia cell line (HL-60). The presence of a cytosol 
receptor and induction of differentiation. Biochem J 204:713, 1982 

49. McCarthy D, San Miguel J, Freake H, Green P, Zola H, 
Catoysky D, Goldmann J. 1,25 Dihydroxyvitamin D, inhibits prolif- 
eration of human promyelocytic leukemia (HL-60) cells and induces 


1241 


monocyte-macrophage differentiation in HL-60 and normal human 
bone marrow cells. Leuk Res 7:51, 1983 

$0. Tanaka H, Abe E, Miyaura C, Shiina Y, Suda T: | Alpha 
dihydroxyvitamin D, induces differentiation of human promyelo- 
cytic leukemia cells (HL-60) into monocyte-macrophages but not 
into granulocytes. Biochem Biophys Res Commun 117:86, 1983 

51. Elias L, Wogenrich F, Wallace J, Longmire J: Altered 
patterns of proliferation and differentiation of HL-60 human pro- 
myelocytic leukemia cells in the presence of leukocyte-conditioned 
medium. Leuk Res 4:301, 1980 

52. Olsson 1, Olofsson T, Mauritzon N; Characterization of 
mononuclear blood cell-derived differentiation inducing factors for 
the human promyelocytic leukemia cell line HL-60. J Nat! Cancer 
Inst 67:1225, 1981 

53. Olsson I, Sarngadharan M, Breitman T, Gallo R: isolation 
and characterization of a T lymphocyte-derived differentiation 
inducing factor for the myeloid leukemic cell line HL-60. Blood 
63:510, 1984 

54. Dayton E, Matsumoto-Kobayashi M, Perussia B, Trinchieri 
G: Role of immune interferon in the monocytic differentiation of 
human promyelocytic cell lines induced by leukocytic conditioned 
medium. Blood 66:583, 1985 

55. Takei M, Takeda K., Konno K: The role of gamma interferon 
in induction of differentiation of human myeloid leukemia cell lines 
ML-i and HL-60. Biochem Biophys Res Commun 1 24:100, 1984 

56. Harris P, Ralph P, Gabrilove J, Welte K, Karmali R, Moore 
M: Distinct differentiation-inducing activities of gamma interferon 
and cytokine factors acting on the human promyelocytic leukemia 
cell line HL-60. Cancer Res 45:3090, 1985 

57. Olsson I, Breitman T, Gallo R: Priming of human myeloid 
leukemia cell lines HL-60 and U-937 with retinoic acid for differen- 
tiation effects of cyclic adenosine 3°:S’ monophosphate-inducing 
agents and a T-lymphocyte—derived differentiation factor. Cancer 
Res 42:3928, 1982 

58. Grant S, Bhalla K, Weinstein I, Pestka S, Mileno M, Fisher 
P: Recombinant human interferon sensitizes resistant myeloid leuke- 
mia cells to induction of terminal differentiation. Biochem Biophys 
Res Commun 130:379, 1985 

59. Trinchieri G, Kobayashi M, Rosen M, Loudon R, Murphy 
M, Perussia B. Tumor necrosis factor and lymphotoxin induce 
differentiation of human myeloid cell lines in synergy with immune 
interferon. J Exp Med 164:1206, 1986 

60. Elias L, Wood A, Crissman H, Rathff R: Effects of condi- 
tioned medium upon proliferation, deoxynucleotide metabolism and 
antimetabolite sensitivity of promyelocytic leukemic cells in vitro. 
Cancer Res 45:6301, 1985 

61. Rovera G, Santoli D, Damsky C; Human promyelocytic 
leukemia cells in culture differentiate into macrophage-like cells 
when treated with phorbol diester. Proc Natl Acad Sci USA 
76:2779, 1979 

62. Rovera G, O'Brien T. Diamond L: Induction of diferentia- 
tion in human promyelocytic leukemia cells by tumor promoters. 
Science 204:868, 1979 

63. Rovera G, Olashaw W, Pacifico M: Terminal differentiation 
of human leukemic cells in the absence of DNA synthesis. Nature 
284:69, 1980 

64. Territo M, Koeffler HP: Induction by phorbol esters of 
macrophage differentiation in human leukemia cells does not require 
cell division. Br J Haematol 47:479, 1981 

65. Ferrero D, Pessano S, Pagliardi G, Rovera G: Induction of 
differentiation of human myeloid leukemias: Surface changes 
probed with monoclonal antibodies. Blood 61:171, 1983 

66. Newburger P, Baker R, Hansen S, Duncan R, Greenberger J. 
Functionally deficient differentiation of HL-60 promyelocytic leu- 


1242 


kemia cells induced by phorbol myristate acetate. Cancer Res 
41:1861, 1981 

67. Pegoraro L, Abrahm J, Cooper R, Lewis A, Lange B, Meo P, 
Rovera G: Differentiation of human leukemias in response to 
12-O-tetra decanoylphorbol 13-acetate in vitro. Blood 55:859, 1980 

68. Koeffler H, Bar-Eli M, Territo M: Phorbol diester-induced 
macrophage differentiation of leukemic blasts from patients with 
human myelogenous leukemia. J Clin Invest 66:1101, 1980 

69. Fibach E, Rachmilewitz E: Tumor promoters induce macro- 
phage differentiation in human myeloid cells from patients with 
acute and chronic myelogenous leukemia. Br J Haematol 47:203, 
198] 

70. Koeffler H: Human myelogenous leukemia: Enhanced clonal 
proliferation in the presence of phorbol diesters. Blood 57:256, 1981 

71. Chang L, McCulloch E: Dose-dependent effects of a tumor 
promoter on blast cell progenitors in human myeloblastic leukemia. 
Blood 57:361, 1981 

72. Stuart R, Hamilton J, Sensenbrenner L, Moore MAS: Regu- 
lation of myelopoiesis in vitro: partial replacement of colony- 
stimulating factors by tumor-promoting phorbol esters. Blood 
57:1032, 1981 

73. Huberman E, Callaham M: Induction of terminal differentia- 
tion in human promyelocytic leukemia cells by tumor-promoting 
agents. Proc Natl Acad Sci USA 76:1293, 1979 

74. Collins S, Ruscetti F, Gallagher R, Gallo R: Normal func- 
tional characteristics of cultured human promyelocytic leukemia 
cells after induction of differentiation by dimethylsulfoxide. J Exp 
Med 149:669, 1979 

75. Mendelsohn N, Gilbert H, Christman J, Acs G: Effect of 
maturation on the response of human promyelocytic leukemia cells 
(HL-60) to the tumor promoter 12-O-tetradecanoyl phorbol-13- 
acetate. Cancer Res 40:1469, 1980 

76. Stendahl O, Dahlgren C, Hed J: Physiochemical and func- 
tional changes in human leukemic cell line HL-60. J. Cell Physiol 
112:217, 1982 

77. Toksoz D, Bunce C, Stone P, Mitchell R, Brown G: Variant 
cell lines from the human promyelocyte line HL60. Leuk Res 6:491, 
1982 

78. Nishizuka Y: The role of protein kinase C in cell surface 
signal transduction and tumor promotion. Nature 308:693, 1984 

79. Nishizuka Y: Studies and perspectives of protein kinase C. 
Science 233:305, 1986 

80. Solanski V, Slaga T, Callaham M, Huberman E: Down 
regulation of specific binding of [20-°H] phorbol 12,13 dibutyrate 
and phorbol ester-induced differentiation of human promyelocytic 
leukemia cells. Proc Nat! Acad Sci USA 78:1722, 1981 

81. Cooper R, Braunwald A, Kuo A: Phorbol ester induction of 
leukemic cell differentiation is a membrane-mediated process. Proc 
Natl Acad Sci USA 79:2865, 1982 

82. Niedel J, Kuhn E, Vandenbark G: Phorbol diester receptor 
copurifies with protein kinase C. Proc Natl Acad Sci USA 80:36, 
1983 

83. Leach K, James M, Blumberg P: Characterization of a 
specific phorbol ester aporeceptor in mouse brain cytosol. Proc Natl 
Acad Sci USA 80:4208, 1983 

84. Vandenbark G, Kuhn L, Niedel J: Possible mechanism of 
phorbol diester-induced maturation of human promyelocytic leuke- 
mia cells. Activation of protein kinase C. J Clin Invest 73:448, 1984 

85. Castagna M, Takai Y, Kaibuchi K, Sano K, Kikkawa V, 
Nishizuka Y: Direct activation of calcium-activated, phospholipid- 
dependent protein kinase by tumor-promoting phorbol esters. J Biol 
Chem 257:7847, 1982 

86. Kreutter D, Caldwell A, Morin M: Dissociation of protein 
kinase C activation from phorbol ester-induced maturation of HL-60 
leukemia cells. J Biol Chem 260:5979, 1985 





STEVEN J. COLLINS 


87. May W, Jacobs S, Cuatrecasas P: Association of phorbol 
ester-induced hyperphosphorylation and reversible regulation of 
transferrin-receptors in HL-60 ceils. Proc Natl Acad Sci USA 
81:2016, 1984 

88. Feurstein N, Cooper H: Rapid protein phosphorylation 
induced by phorbol ester in HL-60 cells. J Biol Chem 258:10786, 
1983 

89, Sahyoun N, Wolf M, Besterman J, Hsieh T, Sander M, 
LeVine H, Chang K, Cuatrecasas P: Protein kinase C phosphory- 
lates topoisomerase lH: Topoisomerase activation and its possible role 
in phorbol ester-induced differentiation of HL-60 cells. Proc Natl 
Acad Sa USA 83:1603, 1986 

90. Huberman E, Weeks C, Herrmann A, Callaham M, Salga T: 
Alterations in polyamine levels induced by phorbol diesters and 
other agents that promote differentiation in human promyelocytic 
leukemie cells. Proc Nat! Acad Sci USA 78:1062, 1981 

91. Mascioli D, Estensen R: Analysis of human promyelocytic 
leukemia cell (HL-60) variants insensitive to phorbol ester tumor 
promoters. Cancer Res 44:3280, 1984 

92. Anderson N, Gemmell M, Coussens P, Murao S, Huberman 
E: Specit.c protein phosphorylation in human promyelocytic HL-60 
leukemic cells susceptible or resistant to induction of cell differentia- 
tion by phorbol- 2-myristate-13-acetate. Cancer Res 45:4955, 1985 

93, Homma Y, Henning-Chubb C, Huberman E: Translocation 
of protein kinase C in human leukemic cells susceptible or resistant 
to differemtiation-induced by phorbol-12-myristate 13-acetate. Proc 
Natl Acad Sci USA 83:7316, 1986 

94. Kraft A, Smith J, Berkow R; Bryostatin, an activator of the 
calcium phospholipid-dependent protein kinase, blocks phorbol 
ester-induced differentiation of human promyelocytic leukemia cells 
HL-60. Proc Nat! Acad Sci USA 83:1334, 1986 

95. Lu L, Broxmeyer H, Pelus L, Andreef M, Moore M: Detec- 
tion of Luxol-fast-blue positive cells in human promyelocytic leuke- 
mia cell lime HL-60. Exp Hematol 9:887, 1981 

96. Tomonaga M, Gasson J, Quan 5, Golde D: Establishment of 
eosinophilic sublines from human promyelocytic leukemia (HL-60) 
cells: Demonstration of multipotentiality and single-lineage commit- 
ment of H_-60 stem cells. Blood 67:1433, 1986 

97. Fischkolf S, Pollak A, Gleich G, Testa J, Misawa S, Reber T: 
Eosinophil.c differentiation of the human promyelocytic leukemia 
cell line HL-60. J Exp Med 160:179, 1984 

98. Fischkoff S, Brown G, Pollak A: Synthesis of eosinophil- 
associated enzymes in HL-60 promyelocytic leukemia cells. Blood 
68:185, 1986 

99. Arthur D, Bloomfield C: Partial deletion of the long arm of 
chromosome 16 and bone marrow eosinophilia in acute nonlympho- 
eytic leukemia: A new association. Blood 61:994, 1983 

100, LeBeau M, Larson R, Bitter M, Vardiman J, Golomb H, 
Rowley J: Association of inv(16)(p13q22) with abnormal marrow 
eosinophils in acute myelomonocytic leukemia: A unique cytogenet- 
ic-clinical-pathologic association. N Engl J Med 309:630, 1983 

10i. Hanan S, Abrahms H, Rohrschneider L, Eisenman, R: 
Proteins encoded by v-myc and c-myc oncogenes: Identification and 
localization in acute leukemia virus transformants and bursal iym- 
phoma cell ines. Cell 34:789, 1983 

102. Kelly K, Cochran B, Stiles C, Leder P: Cell-specific regula- 
tion of the c-myc gene by lymphocyte mitogens and platelet-derived 
growth factor. Cell 35:603, 1983 

103. Land H, Parada L, Weinberg R: Tumorigenic conversion of 
primary embryo fibroblasts requires at least two cooperating onco- 
genes. Nature 304:596, 1983 

104. Coll. ns S, Groudine M: Amplification of endogenous myc- 
related DNA sequences in a human myeloid leukemia cell line. 
Nature 298:579, 1982 

105. Dalla Favera R, Wong-Staal F, Gallo R; Onc gene amplifi- 


HL-60 MYELOID LEUKEMIA CELL LINE 


cation in promyelocytic cell line HL-60 and primary leukemia cells 
of the same patient. Nature 299:61, 1982 

106. Rothberg P, Erisman M, Diehl R, Rovigatti U, Astrin S: 
Structure and expression of the oncogene c-myc in fresh tumor 
material from patients with hematopoietic malignancies. Mol Cell 
Bio 4:1096, 1984 

107.Westin E, Wong-Staal F, Gelmann E, Dalla-Favera R, Papas 
T, Lautenberger J, Allessandra E, Reddy E, Tronick S, Aaronson $, 
Gallo R: Expression of cellular homologues of retroviral one genes in 
human hematopoietic cells. Proc Natl Acad Sci USA 79:2490, 
1982 

108. Reitsma P, Rothberg P, Astrin S, Trial J, Bar-Shavit Z, 
Hall S, Teitelbaum S, Kahn A: Regulation of myc gene expression in 
HL-60 leukemia cells by a vitamin D metabolite. Nature 306:492, 
1983 

109. Sariban E, Mitchell T, Kufe D: Expression of the c-fms 
protooncogene during human monocytic differentiation. Nature 
316:64, 1985 

110. Gowda S, Koler R, Bagby G: Regulation of c-myc expres- 
sion during growth and differentiation of normal and leukemic 
human myeloid progenitor cells. J Clin Invest 77:271, 1986 

111. Grosso L, Pitot H: Transcriptional regulation of c-myc 
during chemically-induced differentiation of HL-60 cultures. Can- 
cer Res 45:847, 1985 

112. Bentley D, Groudine M: A block to elongation is largely 
responsible for decreased transcription of c-myc in differentiated 
HL-60 cells. Nature 321:702, 1986 

113. High K, Stolle C, Schneider J, Hu W, Benz E: c-myc gene 
inactivation during induced maturation of HL-60 cells. Transcrip- 
tional repression and loss of a specific DNAase | hypersensitive site. 
J Clin Invest 79:93, 1987 

114. Murray M, Cunningham J, Parada L, Dautry F, Lebowitz 
P, Weinberg R: The HL-60 transforming sequence: A ras oncogene 
coeexisting with altered myc genes in hematopoietic tumors. Cell 
33:749, 1983 

115. Bos J, Verlaan-de Vries M, Jansen A, Veeneman G, van- 
Boom J, vanderEb A: Three different mutations in codon 61 of the 
human N-ras gene detected by synthetic oligonucleotide hybridiza- 
tion. Nucleic Acids Res 12:9155, 1984 

116. Bos J, Toksoz D, Marshall C, Verlaan-de Vries M, Venne- 
man G, vanderEb A, vanBoom J, Janssen J, Steenvoorden A: 
Amino-acid substitutions at codon 13 of the N-ras oncogene in 
human acute myeloid leukemia. Nature 315:726, 1985 

117. Janssen J, Steenvoorden A, Collard J, Nusse R: Oncogene 
activation in human myeloid leukemia. Cancer Res 45:3262, 1985 

118. Needleman S, Kraus M, Srivastava S, Levine P, Aaronson 
S: High frequency of N-ras activation in acute myelogenous leuke- 
mia. Blood 67:753, 1986 

119. Filmus J, Buick R: Relationship of c-myc expression to 
differentiation and proliferation of HL-60 cells. Cancer Res 45:822, 
1985 

120. Eliyaku D, Raz A, Gruss P, Givol D, Oren M: Participation 
of p53 cellular tumor antigen in transformation of normal embryonic 
cells. Nature 312:649, 1984 

121. Parada L, Land H, Weinberg R, Wolf D, Rotter V: Cooper- 
ation between gene encoding p53 tumor antigen and ras in cellular 
transformation. Nature 312:649, 1984 

122. Miller C, Mohandas T, Wolf D, Prokocimer M, Rotter V, 
Koeffler HP: The p53 gene is located on the short arm of chromo- 
some 17 in humans. Nature 319:783, 1986 

123. Wolf D, Rotter V: Major deletions in the gene encoding the 
p53 tumor antigen cause lack of p53 expression in HL-60 cells. Proc 
Natl Acad Sci USA 82:790, 1985 

124. Curran T, Miller A, Zokas Z, Verma |: Viral and cellular 
fos proteins: A comparative analysis. Cell 36:259, 1984 


1243 


125. Greenberg M, Ziff E: Stimulation of 3T3 cells induces 
transcription of the c-fos proto-oncogene. Nature 311:433, 1984 

126. Kruijer W, Cooper J, Hunter T, Verma I. Platelet-derived 
growth factor induces rapid but transient expression of the c-fos gene 
and protein. Nature 312:711, 1984 

127. Muller R, Bravo R, Burckhardt J: Induction of c-fos gene 
and protein by growth factors precedes activation of c-myc. Nature 
312:716, 1984 

128. Muller R. Curran T, Muller D, Guilbert L: Induction of 
c-fos during myelomonocytic differentiation and macrophage prolif- 
eration. Nature 314:546, 1985 

129. Mitchell R, Zokas L, Schreiber R, Verma i: Rapid induc- 
tion of the expression of proto-oncogene fos during human monocytic 
differentiation. Cell 40:209, 1985 

130. Gonda T, Metcalf D: Expression of myb, myc and fos 
protooncogenes during the differentiation of a murine myeloid 
leukemia. Nature 310:249, 1984 

131. Muller R, Muller D, Guilbert L: Differential expression of 
c-fos in hematopoietic cells: Correlation with differentiation of 
monomyelocytic cells in vitro. EMBO J 3:1887, 1984 

132. Brelvi Z, Studzinski G: Inhibition of DNA synthesis by an 
inducer of differentiation of leukemic cells, 1 alpha, 25 dihydroxy 
vitamin D,, precedes down regulation of the c-myc gene. J Cell 
Physiol 128:171, 1986 

133. Mitchell R, Henning-Chubb C, Huberman E, Verma E 
c-fos expression is neither sufficient nor obligatory for differentia- 
tion of monomyelocytes to macrophages. Cell 45:497, 1986 

134. Sherr C, Rettenmier C, Sacca R, Roussel M, Look T, 
Stanley R: The c-fms protooncogene product is related to the 
receptor for the mononuclear phagocytic growth factor CSF-1. Celi 
41:665, 1985 

135. Gee C, Griffin J, Sastre L, Miller L, Springer T, Peivnica- 
Worms H, Roberts T: Differentiation of myeloid cells is accompa- 
nied by increased levels of pp60°** protein and kinase activity. Proc 
Natl Acad Sci USA 83:5131, 1986 

136. Brugge J, Cotton P, Queral A, Barrett J, Nonner D, Keane 
R: Neurones express high levels of a structurally modified activated 
form of pp60°". Nature 316:554, 1985 

137. Naharro G, Robbins K, Reddy E: Gene product of v-fer onc: 
Hybrid protein containing a portion of actin and a tyrosine-specific 
protein kinase. Science 223:63, 1984 

138. Yen A, Forbes M, DeGala G., Fishbaugh J: Control of 
HL-60 cell differentiation lineage specificity, a late event occurring 
after precommitment. Cancer Res 47:129, 1987 

139. McPhail L, Clayton C, Snyderman R: A potential second 
messenger role for unsaturated fatty acids: Activation of Ca” 
dependent protein kinase. Science 224:622, 1984 

140. Virgilio F, Lew D, Pozzan T: Protein kinase C activation of 
physiological processes in human neutrophils at vanishingly small 
cytosolic Ca** levels. Nature 310:691, 1984 

141. Knopf J, Lee M, Sultzman L, Kriz R, Loomis C, Hewick R, 
Bell R: Cloning and expression of multiple protein kinase C cDNAs. 
Cell 46:491, 1986 

142. Coussens L, Parker P, Rhee L. Yang-Feng T, Chen E, 
Waterfield M, Francke U. Ullrich A: Multiple distinct forms of 
bovine and human protein kinase C suggest diversity in cellular 
signaling pathways. Science 233:859, 1986 

143. Ohno S, Kawasaki H, Imajoh S, Suzuki K, Inagaki M, 
Yokokura H, Sakoh T, Hidaka H: Tissue-specific expression of three 
distinct types of rabbit protein kinase C. Nature 325:161, 1987 

144. Koeffler HP: Induction of differentiation of human acute 
myelogenous leukemia cells: Therapeutic implications. Blood 
62:709, 1983 

145. Pennica D, Nedwin G, Hayflick J, Seeburg P, Derynck R, 
Palladino M, Kohr W, Aggarwal B. Goedde! D: Human tumor 


1244 


necrosis factor: Precursor structure, expression and homology to 
lymphotoxin. Nature 312:724, 1984 

146. Royer-Pokora B, Kunkel L, Monaco A, Goff S, Newburger 
P, Baehner R, Cole F, Curnette J, Orkin S: Cloning the gene for an 
inherited human disorder—chronic granulomatous disease—on the 
basis of its chromosomal location. Nature 322:32, 1986 

147. Yamada M, Kurahashi K: Regulation of myeloperoxidase 
gene expression during differentiation of human myeloid leukemia 
HL-60 cells. J Biol Chem 259:3021, 1984 

148. Vorbrodt A, MeoP, Rovera G: Regulation of acid phospha- 
tase activity in human promyelocytic leukemic cells induced to 
differentiate in culture. J Cell Biol 83:300, 1979 

149. Imaizumi M, Breitman T: A combination of a T cell-derived 
lymphokine differentiation-inducing activity and a physiologic con- 
centration of retinoic acid induces HL-60 to differentiate to cells 
with functional chemotactic receptors. Blood 67:1273, 1986 

150. Niedel J, Kahane I, Lachman L, Cuatrecasas P: A subpopu- 
lation of cultured human promyelocytic leukemia cells (HL-60) 
displays the formyl peptide chemotactic receptor. Proc Natl Acad 
Sci USA 77:3664, 1980 

131. Fontana J, Wright D, Schiffman E, Corcoran B, Deisseroth 
A: Development of chemotactic responsiveness in myeloid precursor 
cells: Studies with a human leukemic cell line. Proc Nat! Acad Sci 
USA 77:3664, 1980 

152. Koeffler HP, Bar-Eli M, Territo M: Phorbol ester effect on 
differentiation of human myeloid leukemia cell lines blocked at 
different stages of maturation. Cancer Res 41:919, 1981 

153. Boss M, Delia D, Robinson J, Greaves M: Differentiation- 
linked expression of cell surface markers on HL-60 leukemic cells. 
Blood 56:910, 1980 





STEVEN J. COLLINS 


154, Gr ffin J, Ritz J, Nadler L, Schlossman S: Expression of 
myeloid differentiation antigens on normal and malignant myeloid 
cells. J Clin Invest 68:932, 1981 

155. Boyd A, Metcalf D: Induction of differentiation in HL-60 
leukemic cells: A cell cycle dependent all-or-none event. Leuk Res 
8:27, 1984 

156. Hunter R, Mold N, Mitchell R, Huang A: Differentiation of 
normal marrow and HL-60 cells induced by antithymocyte globulin. 
Proc Natl Acad Sci USA 82:4823, 1985 

157, Naxayasu M, Terada M, Tamura G, Sugimura T: Induction 
of differentiation of human and murine myeloid leukemic cells in 
culture by tunicamycin. Proc Natl Acad Sci USA 77:409, 1980 

158. Mendelsohn N, Michl J, Gilbert H, Acs G, Christman J: 
L-ethionine as an inducer of differentiation in human promyelocytic 
leukemia cells (HL-60). Cancer Res 40:3206, 1980 

159. Grifin J, Munroe D, Major P, Kufe D: induction of 
differentiation of human myeloid leukemia cells by inhibitors of 
DNA synthəsis. Exp Hematol 10:774, 1982 

160. Munroe D, Sugiura M, Griffin J, Kufe D: Effect of ara-A on 
differentiation and proliferation of HL-60 cells. Leukemia Res 
8:355, 1984 

161. Fupki H, Mori M, Nakayasu M, Terada M, Sugimura T, 
Moore R: Indole alkaloids dihydroteleovidin B, teleocidin and lyn- 
glyatoxin A as members of a new class of tumor promoters. Proc 
Natl Acad Sci USA 78:3872, 198] 

162. Huberman E, Braslawsky G, Callaham M, Fugiki H: Induc- 
tion of differentiation of human promyelocytic leukemia (HL-60) 
cells by teleocidin and phorbol-12-myristate-13-acetate. Carcino- 
genesis 3:111, 1982 





REVIEW ARTICLE 


Hemoglobin S Gelation and Sickle Cell Disease 


By William A. Eaton and James Hofrichter 


HE FUNDAMENTAL cause of sickle cell disease is the 
decreased deformability of the sickled red cell pro- 
duced by gelation of hemoglobin S. Partial inhibition of 
gelation should therefore reduce clinical severity, while com- 
plete inhibition should result in a “cure.” These basic ideas 
have stimulated an enormous effort to understand the gela- 
tion process in detail and to relate the results of these studies 
to the pathophysiology of sickle cell disease. Discoveries 
concerning gelation have also led to new lines of research ona 
specific therapy. The early finding that fetal hemoglobin 
inhibits gelation.'” has ultimately led to the development of 
methods to increase the production of F cells in the bone 
marrow of sickle cell patients,’* while the discovery of the 
enormous sensitivity of the rate of gelation to hemoglobin 
concentration® has stimulated studies on the reduction of 
intracellular hemoglobin concentration as a means of thera- 
py.” Studies on the structure of the hemoglobin S poly- 
mer,'*'® moreover, have guided the development of agents 
designed to inhibit gelation by interfering with the formation 
of intermolecular contacts in the polymer.’?”' 

The purpose of this article is to review recent develop- 
ments in the relation between hemoglobin S gelation and 
sickle cell disease. We first present our current understand- 
ing of the major features of the gelation process. Since 
gelation is a physical rather than a chemical process, its 
description necessarily requires more physical detail than 
that of most biological processes. From these studies we are 
able to develop a more rigorous and comprehensive descrip- 
tion of the relation between gelation and the pathophysiology 
than has been possible up to now. By combining the gelation 
studies with work on the rheology of sickle ceils and blood 
flow in the microvasculature, a clearer picture emerges of the 
outstanding issues in understanding the mechanism of vaso- 
occlusion in patients and the resulting cardiovascular 
response. Finally we discuss the variation in clinical severity 
and analyze the problem of inhibiting gelation in patients. 
Throughout this discussion we shall see that the kinetics of 
gelation is a dominant factor in understanding gelation both 
in vitro and in vivo, and it will become clear that discussions 
of the pathophysiology that do not include a kinetic analy- 
sis”? are inadequate. 

A broader treatment of sickle cell disease, including 
genetic and clinical aspects, has recently appeared in two 
excellent books.“*** Also the structure, physical chemistry, 
and rheology of hemoglobin S gelation in solution and in red 
cells is discussed much more extensively in an article that is 
being published elsewhere.” 


GELATION AT EQUILIBRIUM 


To understand gelation we first must describe a gel at 
equilibrium. As shown in Fig l, a gel can be separated into 
two phases, a solution phase that contains free hemoglobin 
molecules and a polymer phase. The structure of the individ- 
ual polymers has now been determined in considerable detail. 
lt is a fiber made up of 14 intertwined helical strands of 
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hemoglobin S molecules.’*'°”" The fiber can alternatively be 
described in terms of seven intertwined double strands of 
molecules in which the double strands have a structure that, 
except for a slight helical twist, is nearly identical to the 
double strands that form the fundamental unit of the deoxy- 
hemoglobin S single crystal.'°*" In each molecule one of the 
two 86 valines of the a,@, tetramer is involved in an intermo- 
lecular contact with its neighbor in the double strand. The 
structure of the deoxyhemoglobin S crystal is known to 
atomic resolution, so that there is a very detailed picture of 
the intermolecular contacts within the double strand that 
must be very similar to what occurs in the polymer.“ 

A gel at equilibrium behaves very much like a suspension 
of microscopic protein crystals suspended in a saturated 
protein solution.” The concentration of hemoglobin in the 
solution phase, which is called the solubility, is an accurate 
measure of the stability of the polymer phase. The solubility 
is determined experimentally by measuring the hemoglobin 
concentration in the supernatant obtained after high-speed 
sedimentation of the polymers.” Because the concentration 
of hemoglobin in the polymer phase appears to be rela- 
tively constant,” the fraction of the total hemoglobin that is 
polymerized can be calculated from the solubility using a 
simple mass conservation relation. There have now been 
systematic investigations of the solubility under a wide 
variety of solution conditions. These include the dependence 
on temperature,’!"** pH,*” salts,” 2,3-DPG,°"' carbon 
monoxide, oxygen.**** and non-S hemoglo- 
bins 03738.4763 

The role of non-S hemoglobins in the gelation of hemoglo- 
bin mixtures has been the focus of a large number of studies, 
since early investigations showed that the presence of hemo- 
globins A, C, and F reduces sickling and is accompanied by 
decreased clinical severity.” For mixtures of hemoglobins 5 
and F (and S + A,), a detailed analysis of solubility data, 
including the large contribution of nonideality arising from 
excluded volume effects, 54 indicates that over the physi- 
ologic range of compositions there is little or no copolymeri- 
zation of either the homotetramers, ayy, (and a,6,), or the 
hybrid tetramers, a,8°y (and @,f°8).°""™ The low probabili- 
ties for copolymerization of these molecules can be rational- 
ized as resulting from destabilizing effects on the intermo- 
lecular contacts of the double strand that accompany specific 
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Cross Section 


Fig 1. Schematic picture of a gel of hemoglobin S at partial 
saturation with oxygen. The 64 kD molecule (ie, the tetramer) is 
represented as a circle. A gel of hemoglobin S contains large 
polymers, often called fibers, and a concentrated solution of free 
hemoglobin molecules. The filled circles represent hemoglobin S 
molecules with one or more oxygen molecules bound. There are 
relatively fewer filled circles in the polymer because it has a lower 
oxygen affinity than the solution. The structure was determined 
by Edelstein and coworkers using electron microscopy and image 
reconstruction techniques.'*"* The cross-section shows that the 
fiber consists of 14 strands and that it can be constructed from 
seven double strands that are very similar to those found in the 
deoxyhemoglobin S single crystal.'*?’* 


amino acid replacements on the molecular surface.” For 
S + A and S + C mixtures the analysis indicates that there 
is little or no copolymerization of the a,8> and a,8$ mole- 
cules but that the hybrid molecules «,8°8* and appe 
copolymerize with a probability that is approximately half 
that for «03.7%? The factor of 2 is consistent with the 
structural result that a valine residue is required at only one 
of the two 86 sites on each molecule for it to be incorporated 
into the polymer. 

Binding of oxygen to hemoglobin S has a dramatic effect 
on gelation. Experiments performed over 35 years ago dem- 
onstrated that fully deoxygenated hemoglobin S gels, while 
fully oxygenated hemoglobin S does not. To begin to 
consider the pathophysiology of sickle cell disease, however, 
it is clear that one needs quantitative data on solutions that 
are partially saturated with oxygen, particularly over the 
range of fractional saturations encountered in vivo. Such 
data have been obtained only relatively recently. The sche- 
matic picture of gelation in Fig | points out several important 
questions that must be answered regarding gelation in the 
presence of oxygen. These include (1) what is the fraction of 
hemoglobin molecules that are polymerized? and (2) what 
are the fractional saturations with oxygen of the molecules in 
the solution and polymer phases? The fraction polymerized 
can be determined from measurements of the solubility as a 
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function o? solution phase saturation.” Also, because there is 
no aggregation in the solution phase of the gel®’ and the 86 
mutation has no effect on the intrinsic affinity of the 
hemoglobin molecule, the binding curve for the solution 
phase hemoglobin S molecules is normal.®” The major 
problem has been to obtain the polymer binding curve, which 
was accomplished using an optical technique called linear 
dichroism. “*67"-73 

The prir cipal experimental results are shown in Fig 2. The 
solubility -ncreases slowly at low oxygen saturation, then 
increases sharply at high saturations. (Fig 2b). Fhe most 
interesting finding from the binding studies is that the 
polymer binds oxygen noncooperatively, as evidenced by a 
slope of unity in a Hill plot. The two-state allosteric 
model,’* which has provided an excellent framework for 
interpreting a wide variety of experiments on hemoglobin, 
provides a simple molecular interpretation of these results. 
According to this model a ‘hemoglobin molecule free in 
solution exists in one of two affinity states at all stages of 
oxygenation. The low-affinity state, called T, has the quater- 
nary structure of completely deoxygenated hemoglobin, 
while the high-affinity state, called R, has the quaternary 
structure o” the fully oxygenated molecule. Binding to either 
quaternary structure is noncooperative. Cooperativeness 
arises from the continuous conversion of low-affinity T-state 
molecules to high-affinity R-state molecules as the satura- 
tion increases (Fig 2 a). The simplest extension of thes model 
to the gelat on of hemoglobin S is to postulate that al) T-state 
molecules polymerize with equal probability indepeadent of 
the number of oxygen molecules bound and that there is no 
polymeriza‘ion of R-state molecules.” The model is based on 
the idea that R-state molecules do not polymerize because 
their structure is sufficiently different from T-state mole- 
cules that they cannot fit into the polymer lattice. Analysis of 
the structure of the double strand of the deoxyhemoglobin S 
crystal does indeed show that it is impossible to replace the 
T-state molecule with an R-state molecule." Siace the 
polymer costains only T-state molecules, the model predicts 
that it wil bind oxygen noncooperatively, exactly as 
observed. The model is not quantitatively perfect, however, 
because the affinity of the polymer is slightly lower than that 
of solution T-state molecules (Fig 2a). Evidence for this 
small difference is also found in the solubility data (Fig 2 b), 
indicating that T-state molecules with oxygen bound are 
partially discriminated against by polymers. The small con- 
formational changes that are known to take place within the 
T quaternary structure upon oxygen binding could explain 
this result.” The picture that emerges, then, is that the 
simplest extension of the two-state allosteric model provides 
an excellent description of the effect of oxygen on gelation. 

The results of these experiments can be used to explain 
data on polymerization in sickle red cells. The first step is to 
consider further the oxygen binding curve of a gel. As 
mentioned above, at a given oxygen pressure the saturation 
of the gel is a weighted average of the saturations of the 
solution anc polymer phases. Figure 2 c shows gel binding 
curves under near physiologic conditions that have been 
constructed from solution and polymer phase binding curves 
(Fig 2a) and from the solubility curve (Fig 2b). As the 
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Fig 2. Effect of oxygen on gelation in solution and in sickle cells. (A) Solution, polymer, and theoretical R- and T-state binding curves. 
The solution binding curve is the binding curve for normal blood. The polymer binding curve is calculated from the data in phosphate buffer 
of Sunshine et al.“ The R- and T-state binding curves are theoretical and were obtained by fitting to the solution binding curve with the 
two-state allosteric saturation function.” (B) Solubility as a function of solution-phase saturation and oxygen pressure from the data of 
Sunshine et al.” The dotted curve shows the theoretical solubility for the hypothetical case in which all T-state molecules polymerize with 
equal probability, independent of the number of oxygen molecules bound. (C) Gel-binding curves at different total hemoglobin 
concentrations calculated from the results in (A) and (B).““ The dotted curve is the solution binding curve of A. {D} Fraction polymerized 
as a function of total fractional saturation calculated from the results in (A) and (B).°“ (E) In vivo oxygen binding curve calculated for a 
population of cells having the distribution of intracellular hemoglobin S concentrations in (G). The binding curve calculated in the absence 
of polymer (long-dashed curve) and the binding curve calculated when polymer is present at equilibrium (solid curve) are shown for 
reference. The data points are for SS blood from Winstow.” The oxygen unloading curve under in vivo conditions (dotted curve) was 
calculated by requiring that only the densest 18% of the cell population contain polymer at the average venous Po, found in SS patients (46 
torr}”* denoted by the arrow. These conditions were simulated by requiring that each cell be sufficiently supersaturated for polymerization 
to. occur within about 200 ms at each Po,. (F) Fraction of total haemoglobin S that is polymerized. The fraction is calculated under equilibrium 
conditions (curve) and under in vivo conditions (dotted curve). (G) The average distribution of intracellular concentrations from a study of 
43 patients by Fabry et al” used in the calculations in panels {E} and {F}. The probability density, P, in dL/g is plotted v the intracellular 
hemoglobin concentration, C, in g/dL. The blackened area shows the subpopulation of cells that contain polymer at Po, of 46 torr. The 
equations and parameters used in the calculation of all of the above panels are given by Eaton and Hofrichter,” which are derived from the 
work of Sunshine et al. 


oxygen pressure increases, not only do the saturations of both 
phases increase but the solubility also increases, decreasing 
the contribution of the low affinity polymer phase to the total 
binding curve. As a result the gel binding curves appear to 
have lower-than-normal affinity with higher-than-normal 
cooperativeness.“ At sufficiently high oxygen pressures the 
solubility exceeds the total hemoglobin concentration, and 
the binding curve superimposes on the normal solution 


binding curve (Fig 2 c). As the total hemoglobin concentra- 
tion increases, the affinity of the gel decreases owing to the 
increased fraction of the low affinity polymer (Fig 2d), and 
the oxygen pressure at which the polymer disappears also 
increases. 

The oxygen-binding curve of a single red cell should be 
identical to the binding curve of a gel having the same 
composition (total hemoglobin S concentration, fraction fetal 
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hemoglobin, pH, 2,3-DPG concentration, etc). Oxygen-bind- 
ing curves of sickle blood are an average of the gel-binding 
curves for the individual cells. As in gels, the binding curve 
for sickle blood is “right shifted” compared to normal blood. 
Although 2,3-DPG levels are elevated in sickle cell blood, the 
formation of the low-affinity polymer is the major cause of 
the right shift in the blood-binding curve.” 

The major difference between the binding curves for cell 
suspensions (Fig 2 e) and for gels (Fig 2 c} results from the 
wide distribution of hemoglobin S concentrations, which 
varies from about 20 g/dL in F cells to almost 50 g/dL.” 
This distribution produces a wide range of median affinities 
within the red cells from a given patient and hence smears 
the characteristic features of the gel-binding curve (compare 
Figs 2c and 2e). To calculate blood-binding curves it is 
necessary to utilize the results of recent investigations that 
have characterized the distribution of total hemoglobin con- 
centrations from density measurements.®*’*’6*8 The den- 
sity distributions for SS cells are broader and more variable 
than those for normal individuals. Since the distribution of 
intracellular hemoglobin S and hemoglobin F concentrations 
was not determined for the cells employed in the oxygen- 
binding measurements, it is only possible to make qualitative 
comparisons between the observed binding curves and those 
calculated from solution data. Figure 2 e compares a whole 
blood oxygen-binding curve with the binding curve calcu- 
lated from the solution data using the average concentration 
distribution from a study of 43 patients.” The p50s for the 
curves calculated from concentration distributions for indi- 
vidual patients vary from 37 torr to 46 torr, compared to the 
33 torr to 45 torr observed in a study of 14 patients. ® This 
comparison shows that the patient-to—patient variability in 
oxygen binding curves can be readily accounted for by the 
variability in intracellular concentration distributions. A 
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more direc. comparison on a relatively homogeneous cell 
population obtained by density fractionation, in which the 
2,3-DPG and hemoglobin F levels were also measured, gives 
very good agreement between the cell and solution data.” 

Gelation in isolated solutions amd cells has also been 
compared using nuclear magnetic resonance techniques to 
measure the average fraction of polymerized hemoglobin as a 
function of -he total saturation of the cells.’°°°* The nuclear 
magnetic resonance measurements take advantage of the 
fact that the polymerized molecules do not rotate freely, 
making it possible to selectively measure the spectra of the 
polymerized and unpolymerized molecules.” Measurements 
on a cell pooulation of known concentration distribution are 
in good agreement with the curve calculated from the 
solution data.” Agreement is also obtained in a comparison 
of density fractionated cells, although the experimental 
uncertainties are much larger.” 

At this pcint we should emphasize that the oxygen binding 
curves and polymer fraction curves that we have discussed 
are equilibr:um or near-equilibrium curves and, as we shall 
see later, are very different from the in vivo situation in 
which most ells are very far from equilibrium because of the 
large kinetic effect of the delay time (Fig 2 e and 2 f). 


KINETICS AND MECHANISM OF GEL FORMATION 


The most unusual and interesting aspect of the gelation 
process is the kinetics and mechanism of gel formation. The 
simplest kinetic experiment takes advantage of the charac- 
teristic property that a hemoglobin S solution gels upon 
heating. A completely deoxygenated solution, having a con- 
centration s:gnificantly less than the solubility at 0°C (< 30 
g/dL), is heated to some temperature where the concentra- 
tion exceeds the solubility. Polymer formation can be 
detected by a variety of techniques, including linear birefrin- 
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Kinetics of gelation and morphology of cells. (A) Concentration dependence of the delay time from laser photolysis (filled circles) 


and temperature-jump measurements (open circles: from Ferrone et al ™). (B, C, D) Raproducibility of kinetic progress curves for samples 
having different delay times (from Hofrichter'™). The schematic at the right shows that in a slowly polymerizing cell the “sickle” 
morphology is postulated to result from the formation of a single domain of well-alignad fibers: that in a mare rapidly polymerizing cell the 
“holly leaf morphology results from the formation of a number of smaller domains of shorter, aligned fibers: and that in the fastest 
polymerizing cells the “granular” morphology results from the formation of a large number of very small domains or randomly oriented 


short fibers. 
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gence,°5" turbidity 374445735112 light scattering (G.W. 
Christoph and R.W. Briehl, unpublished results),''*') vis- 
cosity, 21612 water proton magnetic resonance line- 
widths'?? and transverse relaxation times,'*!”* and electron 
paramagnetic resonance.'” All of the techniques show the 
same type of time course. There is an apparent delay period 
during which there is no evidence for any aggregation, 
followed by the explosive appearance of polymer.°7*7'11 
Upon lowering the temperature of a preformed gel, depoly- 
merization proceeds much more rapidly and without a 
delay.“°** The most striking finding from these studies is 
that the delay time is enormously sensitive to solution 
conditions, in particular to the hemoglobin S concentration. 
The inverse of the delay time is found to be proportional to 
the 30th to 50th power of the initial hemoglobin concentra- 
tion." This is the highest known concentration depen- 
dence for a process taking place in solution. The delay time is 
also found to be directly proportional to the 30th to 45th 
power of the solubility, independent of the manner in which 
the solubility is altered.” For example, in temperature- 
jump experiments, the delay time for a solution that is 10% 
saturated with carbon monoxide is increased by a factor of 
about 10 relative to deoxyhemoglobin S at the same total 
hemoglobin concentration, and at a saturation of 40% the 
delay time is increased by a factor of about 104.744 

The temperature-jump technique is limited to measuring 
delay times longer than about 100 seconds. To extend the 
kinetic measurements to physiologic times and hemoglobin 
concentrations required the development of a laser photolysis 
technique that could be used to prepare a completely deoxy- 
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genated hemoglobin S solution in less than a few millisec- 
onds. P5? In this technique the carbon monoxide complex of 
hemoglobin S, which is soluble up to at least 48 g/dL,“ can 
be converted to deoxyhemoglobin S by photodissociation 
under continuous laser illumination. The laser also serves as 
a source for monitoring gel formation from the change in 
light scattering. When the laser is turned off, the carbon 
monoxide recombines, the polymer disassembles to form a 
solution of monomers (ie, 64 kD hemoglobin $ tetramers), 
and the experiment can be repeated indefinitely. Because the 
volumes of observation are as small as 10°" cc, the laser 
photolysis technique can also be used for investigating gela- 
tion in single red cells. 75!” 

A combination of the temperature jump and laser photoly- 
sis techniques has been used to examine the kinetics of 
gelation over a wide range of concentrations, temperatures, 
and times. Figure 3 shows that as the concentration 
decreases, the delay time increases from about 10 millisec- 
onds at 40 g/dL to about 100,000 seconds at 20 g/dL. An 
important clue to the mechanism by which gelation occurs 
comes from a very unusual result, discovered in the course of 
the laser photolysis experiments, which is described in Fig 3. 
Highly reproducible delay times are observed for solutions 
with delay times of a few hundred milliseconds or less. When 
the delay times become longer than a few seconds, however, 
the delay times become very irreproducible, despite the fact 
that the progress curves have very similar shapes once 
polymerization begins (Fig 3 b to d) 77> An important 
companion observation is that only a single birefringent 
domain of polymers forms when there are large fluctuations 
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Fig 4. The double nucleation mechanism (Ferrone et al’*). The two pathways for nucleation of polymers are shown. In the 
homogeneous pathway nuclei form in the solution, while in the heterogeneous pathway nuclei form on the surface of existing polymers. As 
more polymers form the increased surface area results in a continuously increasing rate of heterogeneous nucleation. This autocatalytic 
formation of polymers via the heterogeneous nucleation pathway is responsible for the appearance of a delay period prior to the 
observation of polymer. For both nucleation pathways there are competing thermodynamic forces. Initially aggregation is unfavorable 
because entropic forces tend to keep molecules apart. As the nuclei become larger, however, there is an increased number of bonds per 
monomer, 1/2 for a dimer, 3/3 for a trimer, 6/4 for a tetramer, up to 4.1 in the infinite polymer. As the aggregates grow this increase in the 
stability from more bonds per monomer finally overcomes the unfavorable entropic forces. The aggregate for which addition of monomer 


finally becomes favorable is called the critical nucleus. 
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gence," turbidity 374445735112 light scattering (G.W. 
Christoph and R.W. Briehl, unpublished results),''*') vis- 
cosity, 21612 water proton magnetic resonance line- 
widths'?? and transverse relaxation times,'*!”* and electron 
paramagnetic resonance.'” All of the techniques show the 
same type of time course. There is an apparent delay period 
during which there is no evidence for any aggregation, 
followed by the explosive appearance of polymer.°7*7*111 
Upon lowering the temperature of a preformed gel, depoly- 
merization proceeds much more rapidly and without a 
delay.“°** The most striking finding from these studies is 
that the delay time is enormously sensitive to solution 
conditions, in particular to the hemoglobin S concentration. 
The inverse of the delay time is found to be proportional to 
the 30th to 50th power of the initial hemoglobin concentra- 
tion." This is the highest known concentration depen- 
dence for a process taking place in solution. The delay time is 
also found to be directly proportional to the 30th to 45th 
power of the solubility, independent of the manner in which 
the solubility is altered.” For example, in temperature- 
jump experiments, the delay time for a solution that is 10% 
saturated with carbon monoxide is increased by a factor of 
about 10 relative to deoxyhemoglobin S at the same total 
hemoglobin concentration, and at a saturation of 40% the 
delay time is increased by a factor of about 104.744 

The temperature-jump technique is limited to measuring 
delay times longer than about 100 seconds. To extend the 
kinetic measurements to physiologic times and hemoglobin 
concentrations required the development of a laser photolysis 
technique that could be used to prepare a completely deoxy- 
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genated hemoglobin S solution in less than a few millisec- 
onds.'?!"3 In this technique the carbon monoxide complex of 
hemoglobin S, which is soluble up to at least 48 g/dL,’ can 
be converted to deoxyhemoglobin S by photodissociation 
under continuous laser illumination. The laser also serves as 
a source for monitoring gel formation from the change in 
light scattering. When the laser is turned off, the carbon 
monoxide recombines, the polymer disassembles to form a 
solution of monomers (ie, 64 kD hemoglobin $ tetramers), 
and the experiment can be repeated indefinitely. Because the 
volumes of observation are as small as 10°" cc, the laser 
photolysis technique can also be used for investigating gela- 
tion in single red cells. 75!” 

A combination of the temperature jump and laser photoly- 
sis techniques has been used to examine the kinetics of 
gelation over a wide range of concentrations, temperatures, 
and times. Figure 3 shows that as the concentration 
decreases, the delay time increases from about 10 millisec- 
onds at 40 g/dL to about 100,000 seconds at 20 g/dL. An 
important clue to the mechanism by which gelation occurs 
comes from a very unusual result, discovered in the course of 
the laser photolysis experiments, which is described in Fig 3. 
Highly reproducible delay times are observed for solutions 
with delay times of a few hundred milliseconds or less. When 
the delay times become longer than a few seconds, however, 
the delay times become very irreproducible, despite the fact 
that the progress curves have very similar shapes once 
polymerization begins (Fig 3 b to d) 77> An important 
companion observation is that only a single birefringent 
domain of polymers forms when there are large fluctuations 
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Fig 4. The double nucleation mechanism (Ferrone et al’*). The two pathways for nucleation of polymers are shown. In the 
homogeneous pathway nuclei form in the solution, while in the heterogeneous pathway nuclei form on the surface of existing polymers. As 
more polymers form the increased surface area results in a continuously increasing rate of heterogeneous nucleation. This autocatalytic 
formation of polymers via the heterogeneous nucleation pathway is responsible for the appearance of a delay period prior to the 
observation of polymer. For both nucleation pathways there are competing thermodynamic forces. Initially aggregation is unfavorable 
because entropic forces tend to keep molecules apart. As the nuclei become larger, however, there is an increased number of bonds per 
monomer, 1/2 for a dimer, 3/3 for a trimer, 6/4 for a tetramer, up to 4.1 in the infinite polymer. As the aggregates grow this increase in the 
stability from more bonds per monomer finally overcomes the unfavorable entropic forces. The aggregate for which addition of monomer 


finally becomes favorable is called the critical nucleus. 





HEMOGLOBIN S GELATION AND SICKLE CELL DISEASE 


inside sickle cells proceeds at the same rates and bythe same 
mechanism as in purified solutions. Several results indicate 
that the answer is yes. First, studies on the addition. of red cell 
membrane components to deoxyhemoglobin S solutions show 
little or no effect on the delay time."'°!"' Second, the laser 
photolysis technique has permitted the measurement of the 
kinetics of gelation in single red cells, yielding results that are 
in qualitative agreement with those predicted from the 
solution studies.’ The shapes of the kinetic progress curves 
are very similar to those observed in solution, = 0% and for 
slowly polymerizing cells there are the expected stochastic 
fluctuations in the delay times. Figure 6 shows.that the 
distribution of observed delay times, which range from a few 
milliseconds to over 100 seconds, is almost exactly what is 
predicted from the solution studies and the known concentra- 
tion heterogeneity. A more detailed comparison of solution 
and cell data can be made by calculating thé intracellular 
hemoglobin S concentration distribution from the delay time 
distribution using the solution delay times. The calculated 
distribution in Figure 6 is qualitatively the same as the 
measured distributions (Figure 2g), showing that there are 
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Fig 6. Distribution of delay times for deoxyhemoglobin gela- 
tion in individual cells (from Coletta et al'**). (A) Distribution of 
delay times from three homozygous SS patients. (B) Relation 
between concentration and logarithm of tenth time from solution 
data (Fig 3). (C) Intracellular hemoglobin S concentration distribu- 
tion determined by calculating the concentration corresponding to 
each delay time in (A) using the result in (B). The intracellular 
hemoglobin S concentration is somewhat underestimated because 
the delay times in potassium phosphate buffer are shorter than in 
physiologic buffer (P.L. San Biagio, J. Hofrichter, and W.A. Eaton, 
unpublished results). 
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no major differences in the rates of gelation in solution and in 
cells. 


SICKLING AS AN INDICATOR OF RSE 
GELATION 


While it has long been accepted that the deformation of 
SS red cells upon complete deoxygenation is caused by 
intracellular polymerization,” the detailed relation between 
gelation and cell deformation has remained somewhat 
ambiguous. In this section we address two questions. The 
first is whether or not there is a well-defined relationship 
between cell shape and intracellular polymerization. The 
second is whether the wide variety of observed cell shapes can 
be rationalized in terms of what we now know about the 
kinetics and thermodynamics of gelation. The answers to 
these questions are important, since a direct link between cell 
morphology and polymerization would permit a variety of 
experiments to be performed by using morphological criteria 
in place of more complex and difficult physical measure- 
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Fig 7. Fraction of cells containing polymer as a function of 
calculated oxygen pressure determined by e double iaser beam 
photolysis technique {from Mozzarelli et al”), in this technique 
one laser beam illuminating a single red cell is used to prepare 
hemoglobin S at a steady-state partial saturation with carbon 
monoxide by continuous photodissociation, while a second mora 
intense laser beam can be switched on at any time to completely 
photodissociate the remaining carbon monoxide and to measure 
the kinetics of gelation from the time course of the scattered laser 
light. If no polymerized hemoglobin is present in the cell at partial 
saturation, the kinetics of gelation at zero saturation (produced by 
the second laser beam) are characterized by a delay period, while 
the presence of polymerized hemoglobin is indicated by the foss af 
the delay period. Experiments on hemoglobin 5 solutions show 
that this technique accurately simulates the gelling behavior of 
hemoglobin S at partial saturation with oxygen and that the 
presence of as little as 0.05% polymerized hemoglobin results in a 
marked shortening of the delay period. The oxygen pressures 
were calculated from the measured saturations with carbon 
monoxide using the least squares fit of the two-state allosteric 
saturation function to the binding curve of normal blood. The filled 
circles are the equilibrium data obtained in reoxygenation fie, 
resaturation with carbon monoxide) experiments, the open circles 
are data obtained from experiments where deoxygenation (desat- 
uration) is carried out over a period of one minute, and the dashed 
curve is a theoretical estimate for deoxygenation carried out in 
one second.’ The vertical dashed lines indicate the average 
oxygen pressure found in the arteries and veins of patients with 
homozygous SS disease.” 
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°° 1D or micropipette measure- 


ments such as light scattering 
ments.'*° 

The relationship between cell deformation and intracellu- 
lar polymerization has recently been studied with a variation 
on the laser photolysis technique. Gelation in partially satu- 
rated single cells was investigated by using the kinetics of 
gelation after complete photodissociation as a probe for the 
presence of polymer (Fig 7). The delay time provides a 
very sensitive probe for polymer because even vanishingly 
small amounts of polymerized hemoglobin (< 0.05%) drasti- 
cally reduce or eliminate the delay period.'**'"’ These experi- 
ments demonstrate clearly that sickling accurately reflects 
the onset of gelation and that unsickling indicates the 
complete disappearance of polymer. %17 As a result, curves 
that describe the fraction of cells containing polymer as a 
function of saturation or oxygen pressure may be designated 
sickling and unsickling curves. Figure 7 shows the fraction of 
sickled cells, ie, the cells that contain polymerized hemoglo- 
bin S, as a function of the oxygen pressure, calculated from 
the measured saturation with carbon monoxide. There is a 
very large hysteresis between the sickling and unsickling 
curves. The oxygen pressure at which polymers are first 
observed in deoxygenation experiments in an initially poly- 
mer-free cell is always much lower than the pressure at 
which polymers disappear in reoxygenation experiments. The 
hysteresis occurs because there is a delay period before 
polymer can be detected upon deoxygenation, but in reoxy- 
genation experiments depolymerization occurs without any 
delay period. Thus the unsickling curve is very close to an 
equilibrium curve, while the sickling curve depends on the 
rate of deoxygenation. The sickling curve in Fig 7 was 
measured by lowering the saturation over a period of one 
minute. In the microcirculation, deoxygenation occurs in 
about one second; sickling curves have not yet been measured 
on this time scale. However, the theoretical one-second 
sickling curve shown in Fig 7 is seen to be extremely left 
shifted,'*' in qualitative accord with the results of kinetic 
studies that show that about 50% of cells sickle after about 
one second at zero oxygen pressure. 4” Experiments in 
which cellular deformation occurs much more rapidly have 
also been performed by deoxygenating cells in a mixer.’ 
These data are consistent with the results on intracellular 
gelation using the laser photolysis technique," suggesting 
that cell deformation is a reliable indicator of intracellular 
gelation on the second and subsecond time scale as well. 

Essentially identical conclusions have been reached from 
experiments in which rheologic techniques are used to exam- 
ine individual sickle cells. The most direct data have come 
from measurements as a function of oxygen pressure using 
micropipette techniques. Both the static and dynamic 
rigidities of the cells can be measured. The static rigidity is 
characterized by the change in the length of the “tongue” 
aspirated into the pipette with a change in negative pressure, 
while the dynamic rigidity is characterized by the half-time 
required to achieve the final tongue length after initiating the 
pressure change.'* For oxygenated cells there are only small 
increases in these quantities, with the largest increases for 
the irreversibly sickled cells and the densest cells.'**'”’ As the 
oxygen pressure is decreased, cells are observed to undergo a 
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variety of morphological changes, and cells having a given set 
of morphological characteristics can be examined.” Cells 
that are “spiculated” or have a “granular” surfaee show 
markedly altered rheology. In contrast, discocytes that main- 
tain a “smooth surface” show the same static and dynamic 
rigidities at all oxygen pressures as normal cells, im agree- 
ment with the conclusion from the kinetic studies. In cells 
showing morphologic evidence of gelation, both the static 
rigidity anc the half-time for tongue growth increase with 
decreasing oxygen pressure. At the lowest oxygen pressures 
the static rizidity increases by up to a factor of 100, and the 
half-time fcr tongue growth increases by a factor of 150 to 
1000 relative to normal cells and oxygenated sickle disco- 
eytes.'“"'* Since both parameters are much greater for all 
cells containing polymerized hemoglobin than for polymer- 
free cells, it appears that the presence or absence of intra- 
cellular polymer is much more important in determining 
cellular rigidity than the extent of intracellular polymeriza- 
tion.” 

A closely related problem is to understand the erormous 
variety of cell shapes that are observed in a population of 
sickled cells. It has been known for over 45 years that slow 
deoxygenation results in elongated, birefringent cells, while 
rapid deoxygenation produces a much less distorted cell, 
originally called a granular form.’ An unexpected bonus 
provided by the double nucleation mechanism is that it 
suggests an explanation for these observations. ® When cells 
are rapidly deoxygenated the solubility is suddenly decreased 
to a low value. The resulting high supersaturation (the ratio 
of the total concentration to the solubility) causes a high rate 
of homogenzous nucleation, and the resulting gel contains a 
very large number of small polymer domains or randomly 
oriented polymers that could give the cell a granular appear- 
ance (Fig 3). In contrast, when deoxygenation is slow, the 
rate of homogeneous nucleation is reduced to the point that 
only one hamogeneous nucleation event takes place in the 
cell, and a single polymer domain forms. If it were not for the 
limited amount of hemoglobin in the cell, this domain would 
grow to a much larger size than the cell. The cell membrane 
presumably restricts domain growth to one general direction, 
resulting in an elongated cell with approximately parallel 
polymers, tke classic “sickle” form (Fig 3). At intermediate 
rates of deox<ygenation, cells may contain a countable num- 
ber of domains, where, for example, each domain could 
produce one of the projections of a so-called “holly-leaf” 
shape (Fig 3). 

The appearance of a wide range of morphological farms at 
a fixed rate of deoxygenation might also be explained as 
resulting frcm different rates of polymerization. Reraember 
that the solubility of hemoglobin S decreases very rapidly at 
high fractional saturations and much more slowly at low 
fractional saturations (Fig 2 b). Consequently at a fixed 
deoxygenation rate dense cells become much more super- 
saturated and consequently polymerize with much shorter 
delay times “han the light cells. As a result dense cells would 
be expected to contain many more polymer domains and to 
have a lumpy, granular appearance, as opposed to æ classic 
sickle shape. Cell morphology is therefore expected to be 
highly correlated with intracellular concentration and cell 





HEMOGLOBIN S GELATION AND SICKLE CELL DISEASE 


density. The results of morphological studies on cells poly- 
merized at different rates'*' and on density fractionated cells 
are consistent with this explanation.“ The observation of 
smooth discocytes containing polymer in time-resolved elec- 
tron microscope studies may represent the initial phase in the 
formation of a granular form.” 


GELATION IN VIVO AND VASO-OCCLUSION 


We now turn to the question of obstruction of blood flow in 
the microvasculature resulting from intracellular gelation. 
Vaso-occlusion is believed to be the cause of pain crises and 
of the widespread organ damage that contributes substan- 
tially to the morbidity and mortality of the disease. Because 
of the enormous complexity of this problem, the discussion 
must, of necessity, become much more qualitative and specu- 
lative than that which has been presented up to now. We 
shall see that there are suprisingly little hard data on some of 
the most basic questions about vaso-occlusion, Nevertheless 
we believe that a critical examination of this problem is 
necessary at this point to clarify the important issues and to 
point to areas where research is most needed. We first discuss 
gelation and vaso-occulsion, and in the next section we 
consider the response of the circulatory system to this 
abnormality. 

To gain some perspective on the problem it is instructive to 
consider the various types of events that have been postulated 
to occur as a red cell travels through the circulation of anSS 
patient. In describing these events we shall equate sickling 
with intracellular gelation. Figure 8 shows a schematic 
summary. Cells containing no polymerized hemoglobin in 
the arterial circulation may pass through the microcircula- 
tion and return to the lungs without sickling, they may sickle 
in the veins, or they may sickle in the capillaries. The 
probability for each of these events will be determined by the 
delay time for intracellular gelation relative to the appropri- 
ate transit time.’ If it is thermodynamically impossible for 
gelation to take place (ie, the intracellular concentration is 
always lower than the solubility so that at equilibrium no 
polymer can form) or if the delay time at venous oxygen 
pressures is longer than about 15 seconds, then sickling will 
not occur. If the delay time is between about one and 15 
seconds, then the cell will sickle in the veins, and, if it is less 
than about one second, the cell will sickle within the capillar- 
ies. For cells that sickle within the capillaries a number of 
possibilities exist, ranging from no effect on its transit time to 
transient occlusion of the capillary or a more permanent 
blockage that ultimately results in destruction of the cell. For 
some cells the intracellular hemoglobin S concentration may 
be so high that the solubility is exceeded even at arterial 
oxygen pressures. These cells will still contain polymerized 
hemoglobin after oxygenation in the lungs. Upon deoxygena- 
tion further gelation will occur rapidly and without a delay 
time because nucleation of polymers is already com- 
plete. 771637 Such cells could become stuck in the arteri- 
oles or capillaries or could experience a normal transit time 
through the microcirculation in spite of the decreased defor- 
mability. 

Figure 8 points out one fundamental problem in describing 
the pathophysiology of sickle cell disease is to determine the 
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Fig8. Possible events in the microcirculation of a patient with 
homozygous SS disease. A schematic of an arteriole, capillary, and 
venule is shown. In {a} a cell containing no polymer enters the 
capillary, deforms to squeeze through, and reaches the yerme 
without polymerization occurring. In (b) the delay time is longer 
than the capillary transit time, but the cell sickles in the venule. in 
{c} the delay time is shorter than the capillary transit time, and the 
call sickles within the capillary but escapes to the venuie, while in 
(d) intracapillary sickling results in transient or permanent block- 
age. In (e) and (f), the cell, depicted as an irreversibly sickied cell, 
already contains polymerized hemoglobin in the artericie and may 
pass through the capillary (e) or produce a transient or permanent 
occlusion {f}. 


relative probabilities for each of these events. These proba- 
bilities will depend on a number of factors, including the total 
intracellular hemoglobin concentration, the composition of 
the intracellular hemoglobin, the rate and extent of deoxy- 
genation, and the various transit times involved. For unsick- 
led cells entering the microcirculation, a long capillary 
transit time will increase the probability of the potentially 
vaso-occlusive events depicted in Fig 8 in two ways. First, it 
will permit increased oxygen extraction, which will shorten 
the delay time. Second, it will increase the probability that a 
cell with a given delay time will sickle within the capillary. 
For cells that either enter the microcirculation already 
sickled or become sickled in the microcirculation. there is a 
finite probability for occlusion of the small vessels. The 
duration of an occlusion may be sufficiently long to compro- 
mise the oxygen supply to the surrounding tissues and hence 
may alter the probabilities for sickling and consequent 
vaso-occlusion in nearby microvessels. This is a somewhat 
refined version of the “vicious cycle.” It is important to 
recognize that vaso-occlusion is a dynamic process in which 
the fraction of capillaries that are occluded depends on both 
the rates of occlusion and the rate of capillary reopening. 
Thus factors that influence the transit times and the duration 
of occlusions also play a critical role in the pathophysiol- 
ogy.’ 

With this brief heuristic description as a framework for 
subsequent discussion, we can now proceed to examine 
experimental results that help to establish the probabilities 
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for the various events depicted in Fig 8. The most straightfor- 
ward problem is the determination of the fraction of cells 
that are sickled in the arteries and the fraction that sickle as 
a result of deoxygenation in the microcirculation. Morpho- 
logical examination of cells sampled from arterial blood 
suggests that the average fraction of sickled cells is about 
10%.*'*** This number is, unfortunately, only a rather 
crude estimate because it is possible that deformed cells such 
as granular discocytes have not been counted as sickled in 
some studies; moreover, some irreversibly sickled cells, which 
may frequently be a major contributor to this count,’ may 
contain no polymer.'” The values for reversibly sickled cells 
in different patients range from 1% to 16%, while total 
sickled cell counts range from 9% to 30%.'™ This variation 
presumably results from differences in the distribution of 
intracellular hemoglobin composition and concentration, as 
well as from differences in arterial oxygen saturation. 

it would appear, then, that an average of about 90% of 
cells entering the peripheral circulation contain no polymer 
and hence would undergo gelation with a delay period if 
sufficiently deoxygenated. The morphological data suggest 
that about 20% of cells are sickled in the mixed venous 
return, *'**'** indicating that an additional 10% of cells have 
sickled as a result of passing through the microcirculation.* 
Any analysis based on studies of mixed arterial and venous 
blood is clearly somewhat oversimplified because oxygen 
extraction in the microcirculation of some tissues, such as in 
the coronary and hepatic circulations,'*? is considerably 
greater than average. As a result the cells in these organs will 
have much shorter delay times leading to a higher number of 
sickled cells in the veins. 

These findings are consistent with existing information on 
in vitro delay times. Although the ideal in vitro experiment in 
which gelation and degelation are continuously monitored in 
individual red cells at physiologic rates of deoxygenation and 
oxygenation is not yet possible, the laser photolysis experi- 
ment!" affords an informative preview of the results 
expected from such experiments. The unsickling curves 
obtained in these experiments (Fig 7) show that at equilib- 
rium only about 5% of the cells contain polymerized hemo- 
globin S at an oxygen pressure of 85 torr, which is the 
average arterial value found in homozygous SS patients,” 
while over 90% of cells remain sickled at the average mixed 
venous pressure of 45 torr. In contrast, the sickling curves 
show that only about 5% of cells (overlapping significantly 
with the cells that were found to be sickled at 85 torr at 
equilibrium) are sickled after deoxygenation to venous oxy- 
gen pressures on physiologic time scales. These results indi- 





*The estimate of 10% additional sickling in the microcirculation is 
only a very approximate number. Differences in this number are 
observed for different venous returns of the same patient and for the 
same venous return in different patients, but the tissue—to—tissue 
variation is generally smaller than the differences observed between 
patients.”*'°*!°° Since cells are deoxygenated in the microcirculation 
within one to two seconds, significant variations may result from 
additional sickling during the time required to sample the cells from 
the veins and to fix them with glutaraldehyde and possibly some 
additional unsickling for cells sampled from the arteries." 
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cate that the delay time is preventing more than 80% of cells 
from sickling in vivo in this homozygous SS patient. That is, 
for over 80% of cells gelation would occur if equilibrium were 
achieved, but the delay times are so long that these cells 
return to the lungs and are reoxygenated before any signifi- 
cant amour: of polymer has formed. The fact that about 10% 
of cells already contain polymer in the arterial circulation 
does not substantially affect the fraction of sickled cells in 
the microcirculation, since if polymer were not present the 
delay times for the large majority of these cells would be less 
than the capillary transit time.t The enormous difference 
between the unsickling curve and the sickling curve in these 
experiments (Fig 7) graphically demonstrates the signifi- 
cance of the delay time for gelation in vivo and simulta- 
neously shows that equilibrium data or data obtained in slow 
deoxygenation experiments are not at all representative of 
the in vivo situation in which the relevant time scale is 
seconds. Similar large differences are expected for oxygen 
binding anc polymer fraction curves (Fig 2 e, 2 f and 
discussion below). 

This analvsis points to the critical need for obtaining much 
more data relevant to sickling in vivo. An accurate descrip- 
tion would require direct measurements of the distribution of 
delay times at physiologic rates and extents of deoxygena- 
tion. It would also be desirable to have more precise data on 
the extent of sickling in arterial and venous samples using 
experimental methods that take into account the kinetics of 
sickling as well as the recently acquired information on the 
relation between cellular deformation and intracellular gela- 
tion"! Most of the data on morphological sickling were 
obtained be’ore the gelation kinetics were described, and 
since then vzry little attention has been given to designing 
accurate morphological experiments on venous and arterial 
samples. Such experiments would require rapid fixation of 
cells and careful examination by scanning electron micros- 
copy or high resolution optical microscopy. It would, of 
course, be preferable to develop rapid sampling techniques 
that could assess the extent of intracellular gelation, or at 
least the presence or absence of polymer, in individual cells 
from arteria. and venous blood. 

We next consider the question of occlusion of the microcir- 
culation by sickled cells, which is clearly a central problem in 
understanding the pathogenesis. The results and calculations 
described above as well as data on red cell survival suggest 





tShearing forces are known to decrease the delay time by 
breaking polymers, producing new ends, and thereby increasing the 
rate of nucleation.'*"°*' Tn this discussion we have assumed that 
there is no sigr ificant effect of shear on the in vivo delay time. While 
no direct experimental information on this point exists, two consider- 
ations suggest that the effect of shear on intracellular polymerization 
in vivo will be small. First, cells flowing in small tubes concentrate in 
the low-shear region near the center of the tube, while the high shear 
regions near tie walls are preferentially occupied by plasma. 78? 
The shear fielc to which cells are exposed is thus very much smaller 
than the average field in the microvessels. Second, the high internal 
viscosity of even unpolymerized cells makes coupling of the external 
shear field to -he inside of the cell inefficient, as evidenced by the 
absence of tan<-treading behavior in low viscosity media.'™ 
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that the densest cells are primarily responsible for occlusion 
of the microcirculation. These cells are predicted to have a 
much greater probability for the events in Fig 8 that could 
lead to vaso-occlusion. Because of the high intracellular 
hemoglobin S concentration, they have shorter delay times, 
or no delay times and therefore are more likely to sickle in the 
capillaries when deoxygenated.*’ In addition, if gelation 
occurs at any given oxygen pressure, the higher intracellular 
concentrations of polymerized hemoglobin (Fig 2 d) pro- 
duces stiffer cells (ie, cells with lower static and dynamic 
deformabilities'”). The half-life of dense cells (~ two days) 
is significantly shorter than that of randomly labeled cells 
from the same patient population (~ five days)'™ or the 
average half-life of cohort-labeled cells from a wider patient 
population (~ 17 days).'*' Experiments in which the 
density distribution of a population of labeled reticulocytes 
was followed over the cell life span also show that the dense 
cells are the last to appear in the labeled population.'* These 
results show clearly that as cells age their density increases 
and that once they become dense they are removed from the 
circulation rather quickly." The mechanism by which cells 
concentrate has been the subject of much recent work.'®’ The 
major contribution appears to result from the loss of cell 
water associated with potassium loss, but there may also be 
some contribution from the loss of membrane surface area 
caused by the sickling-unsickling cycle. If it is assumed that 
all cells must become dense cells before they are removed 
from the circulation, then the fraction of dense cells is 
predicted to be equal to the ratio of the half-life of the dense 
cells to the mean half-life for new cells. The measured 
half-life of the dense cell fraction is roughly consistent with 
this prediction, since the densest 10% to 15% of the cell 
population has a half-life that is 0.1 to 0.2 times that of 
labeled reticulocytes.'* Cells that have an abnormally low 
probability of sickling, such as low density F cells, are 
expected to have extremely long delay times even at venous 
saturations. Since these cells can only be sickled upon stasis 
or passage through tissues where deoxygenation is extreme, 
they will presumably concentrate much more slowly than 
cells having a higher probability of sickling. This protection 
of F cells results in a longer life span’ and therefore an 
increased concentration of F cells in the fractions of interme- 
diate density, which represent the oldest cells in the popula- 
tion, and a reduced concentration in the densest cell frac- 
tion 54 

Of the vaso-occlusive events depicted in Fig 8, it is only 
possible to make even a crude quantitative estimate for the 
probability of occlusion followed by destruction of the cell. 
Based on a mean cell lifetime of 17 days and a circulation 
time of 15 seconds, an “average” red cell makes about 
100,000 trips through the microcirculation before being 
removed. If we use the fraction of sickled cells as an estimate 
of the fraction of dense cells (~20%), the above argument 
suggests that if dense cells were removed from the circulation 
only by vaso-occlusive events, they would be trapped and 
destroyed once in about 20,000 trips through the microcircu- 
lation. However, hemolysis data indicate that about 60% to 
70% of sickle cells are destroyed in the reticuloendothelial 
system,'® so the probability for destructive vaso-occlusion is 
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reduced to about one in 60,000 trips. While this probability 
appears, at first glance, to be extremely low, it is large 
enough to result in the steady-state blockage of a significant 
fraction of the total number of capillaries, since there are 
approximately 10” circulating red cells and only about 10° 
capillaries." The exact fraction blocked is highly dependent 
on the duration of the destructive blockade, which, by this 
estimate, occurs in the average capillary about once every 
hour. If, for example, each blocked vessel remains occluded 
for one hour, the fraction blocked is 50%, but this value ts 
reduced to 2% if the vessel is blocked for only one minute. 
This result clearly suggests that factors that influence the 
duration of a capillary blockade could play a critical role in 
determining the extent to which tissue oxygen supply is 
compromised. 

It has been very difficult to obtain quantitative informa- 
tion on the frequency of the other events depicted in Fig 8. 
Recently a series of studies using an excised rat mesocecum 
preparation has begun to provide some interesting results. 
This preparation permits control over the tissue oxygen 
pressure and the perfusing pressure, allowing vascular resis- 
tance (defined as the ratio of the arteriovenous pressure 
difference divided by the venous outflow) changes to be 
measured quantitatively in both denervated™* and inner- 
vated vascular beds.'® Alternatively, trapping of cells can be 
measured by first perfusing the innervated bed and subse- 
quently washing out the trapped cells by increasing the 
perfusion pressure or denervating the prepared bed.'” These 
experiments make two important points. The first is that at 
venous Po, the fraction of capillaries blocked at steady state 
in this preparation can be as large as 80%. The second is that 
the ability of cells to block the microcirculation is correlated 
with their density, a finding that is consistent with the 
description of Fig 8. 

These investigations provide the best opportunity to simu- 
late the events occurring in the microcirculation of SS 
patients. In addition to measuring vascular resistance and 
cell trapping, cinematographic observations of these prepa- 
rations permit determination of the sites at which blockage 
occurs. The limited information obtained so far has not 
established the relative importance of precapillary and intra- 
capillary sites as the principal sites of occlusion.''” It 
would be important to extend studies of the microvasculature 
to use preparations that permit deoxygenation in the tissue!” 
to more closely simulate the in vivo situation. It will also be 
important to use these preparations to determine the factors 
that affect both the frequency and duration of occlusions, 
since they are equally important in determining the steady- 
state fraction of blocked capillaries. 


GELATION AND OXYGEN DELIVERY 


An important aspect of the pathophysiology of sickle cell 
disease is to understand how the circulatory system main- 
tains adequate oxygen delivery in the face of anemia and 
vascular obstruction. In other severe anemias, for example, 
those arising from blood loss or iron deficiency, there are two 
primary compensation mechanisms. One is an increased 
blood flow through the tissues resulting from an expansion of 
the muscled arterioles.'”'"* The increased blood flow from 
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this decreased peripheral resistance increases filling of the 
right atrium, thereby increasing the cardiac output.” The 
second is an increase in intracellular 2,3-DPG concentration, 
which lowers the oxygen affinity and facilitates oxygen 
unloading in the tissues.” As a result there is an abnormally 
low venous oxygen saturation at or near a normal oxygen 
pressure. 41618 The increased blood flow through the 
lungs may also result in a decreased oxygen pressure and 
saturation in arterial blood'’*!”*'” from the decreased effi- 
ciency of gas exchange, making oxygen delivery less 
efficient. 

In sickle cell disease the abnormalities are somewhat 
different. The cardiac output is higher than in anemias of 
comparable severity,’”*'”*'"*'*! the oxygen pressure and satu- 
ration of arterial blood are lower, 154156182183 and the oxygen 
pressure and saturation of venous blood are higher, 8154146 
This decrease in arteriovenous saturation difference, particu- 
larly when compared to other anemic states, means that 
there is significant impairment of oxygen unloading to the 
tissues.” These differences between sickle cell disease and 
other anemias presumably result from the intracellular gela- 
tion and vascular obstruction that are unique to sickle cell 
disease. 

The very low oxygen affinity of polymerized hemoglobin S 
explains the lower arterial oxygen saturation in sickle cell 
disease, compared with other anemias, and even the lower 
arterial oxygen pressure. Infarctive damage to lung tissue of 
SS patients could also decrease the efficiency of oxygen 
loading in the lungs, but this does not appear to be a major 
factor because a comparable degree of arterial unsaturation 
is observed in children in whom there is no other evidence of 
impaired lung function.'**'® We have estimated earlier that 
about 20% of cells entering the lungs contain substantial 
amounts of polymerized hemoglobin, which would be 
expected to decrease both the rate and extent of oxygen 
binding to the sickled cells in the alveoli. The few in vitro 
experiments support this contention. %51 Slow depoly- 
merization of the sickled cells after they leave the lungs could 
also contribute to the lower arterial oxygen tension by 
scavenging oxygen from the plasma and from the cells that 
contain no polymer. 

In considering oxygen unloading in the tissues, the absence 
of polymerized hemoglobin in most cells because of the long 
delay times is an important consideration. The traditional 
approach has been to ignore this fact and to utilize oxygen 
dissociation curves measured in vitro over periods of minutes 
or longer where intracellular gelation is much more extensive 
than in the in vivo situation. Use of the in vitro curve has led 
to the conclusion that the large right shift in the equilibrium 
or quasi-equilibrium dissociation curves substantially com- 
pensates for the anemia. 38 This conclusion is mislead- 
ing, since oxygen binding to approximately 80% of the cells 
should be similar to that found for other states of comparable 
anemia. The calculation in Fig 2 e shows that the in vivo 
oxygen unloading curve is predicted to be significantly less 
right shifted than the in vitro equilibrium curve. This smaller 
right shift is consistent with the observation that the frac- 
tional saturation of venous blood from sickle cell patients has 
near normal values, while the oxygen pressure is higher than 
in normal blood by about 5 torr.” 
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Perhaps «he most puzzling circulatory abnormality is an 
increase in cardiac output that is larger than is found in 
anemias of comparable severity. The absence of a significant 
increase in arterial blood pressure'” requires that the vascu- 
lar resistarce be decreased in direct proportion to the 
increase in cardiac output. * While decreased vascular resis- 
tance may appear paradoxical in the presence of capillary 
blockage, this finding can be rationalized by the fact that 
the bulk of zhe peripheral resistance arises from the muscled 
arterioles aad not the capillaries.” In severely anemic states 
the arterioles open to increase blood flow through the tissues, 
thereby compensating for the low hematocrit. >" A similar 
response also appears to be the primary mechanism of 
compensation for the reduced hematocrit in SS disease, but 
the peripheral resistance is decreased to a significantly 
greater extent than in other anemias of comparable sev- 
erity.”*'” The opening of the muscled arterioles must there- 
fore increase the fraction of capillaries in the tissue bed that 
are perfused to above normal, even in the presence of 
blockage, if there is sufficient capillary reserve. 

In addition to increasing the number of perfused capillar- 
ies, there is evidence that opening of the muscled arterioles 
increases the pressure drop across the capillaries, thereby 
increasing the rate at which red cells traverse the capillar- 
ies." !* A recent study in which laser Doppler velocimetry 
was used to measure capillary flow in the forearm skin of SS 
patients shewed that the average rate of red cell flow was 
close to normal.” This result implies that the ~40% decrease 
in hematocrit is almost exactly compensated by a combina- 
tion of an increase in the number of perfused capillaries and 
an increase in capillary flow rate, By decreasing the time 
available for the equilibration of the red cell with the oxygen 
tension of the capillary wall, an increased capillary flow rate 
would be expected to decrease oxygen unloading. In spite of 
this effect a decreased capillary transit time could benefit the 
patient by decreasing the rate of capillary blockage. The 
decreased transit time would not only increase the delay time 
by increasing the final fractional saturation of hemoglobin 
but it would also decrease the time during which a cell is at 
risk from sickling within the microcirculation. Such a mech- 
anism provides an attractive explanation for the decreased 
arteriovenous oxygen saturation difference in SS patients. A 
frequently invoked explanation for the low arteriovenous 
saturation cifference is shunting through large vessels.'™“ 
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There is no direct measurement of the fraction of occluded 
capillaries in any tissue in sickle cell disease. However, a tentative 
estimate for muscle can be extracted from data on the exercise 
tolerance of sickle cell patients.'” In these studies patients were 
subjected to increasing work loads, and the lactic acid level in the 
blood was monitored. The work load at which lactate began to 
increase is defined as the anaerobic threshold. An extension of the 
Krough mode: for oxygen delivery to tissues predicts that the work 
output at this point is nearly directly proportional to the density of 
perfused capillaries.'"' If it is assumed that the muscle is maximally 
perfused and that capillary densities in the muscle of SS patients are 
normal, then the fraction of blocked capillaries can be estimated 
from the anaerobic threshold to be about 0.4. This fraction decreases 
to about 0.1 to 0.2 when the fraction of SS cells is decreased to about 
50% by exchange transfusion.” 
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While this mechanism might account for the unexpectedly 
high venous saturation in specific tissues, it cannot explain 
the fact that similar results are found for vessels such as the 
femoral vein.”® The femoral vein primarily drains muscle 
beds in which there is anatomic evidence that significant 
shunting is impossible.” 

Finally, we should point out that there has been only one 
attempt to quantitatively evaluate the response of the com- 
plete circulatory system to the altered properties of SS 
blood.” This study used an established model for microcir- 
culatory control’ to calculate the changes in peripheral 
resistance blood flow, and capillary oxygenation.” This 
model incorporates approximate but realistic descriptions of 
oxygen supply and consumption in the tissues as well as local 
feedback control of both the arteriolar resistance and capil- 
lary density to regulate the tissue oxygen pressure. When 
anemia is simulated by reducing the hematocrit, the model 
predicts a compensatory decrease in peripheral resistance 
and increased blood flow. If, however, the quasi-equilibrium 
increase in viscosity and reduced equilibrium affinity of SS 
blood are also introduced, the model predicts a capillary 
resistance that is about 1.4 times normal and blood flow that 
is about 80% of normal. The calculated effects are in striking 
contrast to the observed decrease in peripheral resistance and 
increase in blood flow. ®®! The discrepancy presumably 
results in part from the incorrect assumption of equilibrium 
oxygen unloading and viscosity changes made in carrying out 
these calculations. If the kinetics of intracellular gelation 
were to be incorporated into this model (Fig 2 e), the 
predicted effects would be closer to the observed. 


VARIATIONS IN CLINICAL SEVERITY 


It is now widely recognized that there are large differences 
in clinical severity among patients with homozygous SS 
disease, some patients having only the mild symptoms asso- 
ciated with a chronic hemolytic anemia, others suffering 
from repeated painful episodes and severe organ dam- 
age.’*?5.19920 The reasons for this broad spectrum of clinical 
manifestations are not at all clear, and it is one of the major 
areas of current research. To discuss the role of gelation in 
producing differences in clinical severity among homozygous 
SS patients, it is useful to briefly summarize the most 
important results of the preceding discussion. 

The picture that emerges is a dynamic one in which a 
balance between the rate of obstruction and reopening of 
capillaries results in a steady state in which a certain fraction 
of capillaries is blocked in each tissue. This balance may be 
very delicate, with small changes in either the rate of 
obstruction or reopening capable of significantly altering the 
fraction of occluded capillaries. Any increase in this fraction, 
particularly in tissues with inadequate capillary reserve, 
could result in irreversible hypoxic damage and may be the 
cause of pain crises. While almost nothing is known about the 
opening of occluded capillaries, we are beginning to under- 
stand the mechanisms that control the rate of capillary 
obstruction. This rate must depend, at least in part, on the 
fraction of sickled cells in the microcirculation, which is 
determined by the times required for intracellular gelation 
relative to the transit times.®’ Factors that favor gelation can 
increase the steady state number of obstructed capillaries by 
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decreasing the delay time, thereby increasing the fraction of 
cells that sickle within the microcirculation and the rate of 
obstruction. An increased extent of polymerization in a 
sickled cell could also increase the probability of an occlusion 
because of the decrease in deformability.’ Because the 
delay time is so much more sensitive to changes in physio- 
logic variables than the extent of polymerization (compare, 
eg, Figs 2 d and 3), it is most probably the dominant factor in 
determining changes in the rate of capillary obstruction. 
Simultaneous small changes in a number of physiologic 
variables could result in a sufficient change in the distribu- 
tion of delay times to produce the fluctuation in the fraction 
of blocked capillaries that precipitates a pain crisis. In this 
way the sensitivity of the delay time could account for the 
episodic nature of crises. 

Another mechanism for increasing the rate of obstruction 
is to increase the transit time in the microcirculation, which 
increases the probability of sickling. In this way factors that 
slow down cells can also affect the rate of obstruction. The 
only such factor that has been identified so far is the 
adherence of cells to the vascular endothelium. In 
addition to capillary blockage, other events influence these 
probabilities by altering the characteristics of the cell popu- 
lation. For example, cells that normally would return to the 
lungs may sickle in the venous return, particularly in tissues 
in which the residence times in the veins are long, resulting in 
an increase in intracellular concentration and therefore a 
decreased delay time in subsequent trips through the micro- 
circulation. 

This picture immediately raises the question of how much 
of the variation in clinical severity in homozygous $5 disease 
can be explained by variations in intracellular gelation and 
how much must be attributed to variations in circulatory 
dynamics. Under the category of intracellular gelation are 
included the effects of intracellular hemoglobin concentra- 
tion and composition, arising either from genetic variations 
or from cell aging. To begin, let us consider the relation 
between gelation times and clinical severity among the 
various sickling disorders, where there are easily measurable 
differences in both gelation and standard hematologic 
parameters. Figure 9 shows the effect of hemoglobins A, C, 
and F on the delay time and a comparison of the distribution 
of delay times at zero saturation for the three most common 
syndromes: homozygous SS disease, SC disease, and sickle 
trait. SC disease is generally a much milder sickling disorder 
than is SS disease, while sickle trait is totally benign.“ The 
delay times for SC cells are considerably longer than those 
for SS cells, indicating that many fewer cells sickle in vivo. 
For sickle trait cells the delay times even at zero saturation 
are all longer than about one second, indicating that even 
under totally anoxic conditions cells would escape the micro- 
circulation before polymerization has begun. With the possi- 
ble exceptions of the hypertonic renal medulla, it would 
appear that sickle trait cells never sickle in vivo, explaining 
the lack of any clinical manifestations. 

The reasons for the increased sickling of SC cells com- 
pared to sickle trait cells are quite interesting. Little or no 
difference is observed in the gelling properties of hemoglobin 
S + C mixtures and S + A mixtures. A careful comparison 
has shown that there are no significant differences in either 
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Fig 9. Effect of non-S hemoglobins on gelation delay times in 
solutions and celis. (A) Logarithm of the ratio of the delay time of 
the mixture to the delay time of pure deoxyhemoglobin S at the 
same total hemoglobin concentration.” The effect of hemoglobin 
C on the delay time is identical to that of hemoglobin A.” (B, C. D) 
Distribution of delay times at zero saturation for celis from a 
patient with homozygous SS disease (B}, hemoglobin SC disease 
(C). and sickle trait (D) at 37°C. The data in (B) and (C) are taken 
from Coletta et al,” while the data in (D) is from Zarkowsky and 
Hochmuth™ after using the temperature dependence of the 
median delay time to correct the data to 37°C. 


the delay times” or solubilities. The principal reason for 
the increased sickling of SC cells is that they contain a higher 
hemoglobin S concentration than sickle trait cells. This 
increase results from two effects.” First, there is a greater 
fraction of hemoglobin S in SC cells (50/50 S/C) than in 
sickle trait cells (40/60 to 30/70 S/A). The reduction in the 
fraction of hemoglobin S in sickle trait cells is caused by a 
decreased rate of association of a chains to 8° chains relative 
to 8“ chains during the tetramer assembly process.2%2% 
When the concentration of a chains is reduced because of 
coexisting æ thalassemia, this competition is enhanced and a 
disproportionately larger fraction of 64-containing tetramers 
are formed. Second, the total intracellular hemoglobin con- 
centration is higher in SC cells. ™* Since reticulocytes have 
nearly the same density distribution as the average cell 
population, the red cells must emerge from the marrow more 
concentrated. The reasons for this are not yet completely 
understood, but it has been suggested that the binding of 
hemoglobin C to the red cell membrane induces a potassium 
and water efflux.” 

Hemoglobin F also has a marked effect on gelation. This is 
clinically most evident in the uncommon double heterozy- 
gous condition of hemoglobin S with pancellular hereditary 
persistence of fetal hemoglobin, which may be asymptomat- 
ic. In this condition hemoglobin F is more evenly distributed, 
and most cells contain a substantial amount of hemoglobin F 
(up to 35%). This mixture has gelling properties in vitro 
that are similar to the 40/60 Hb S + A mixture found in 
sickle cell trait (Fig 9)°””’ and would therefore be predicted 
to have a very mild or asymptomatic clinical course. In 
homozygous SS disease there is a variable increase in hemo- 
globin F that results from two factors: an increased produc- 
tion of F reticulocytes and preferential survival of F cells.®! 
At hemoglobin F levels above 20%, corresponding to about 
60% F cells, there may be some amelioration of the disease, 
but below 20% there appears to be no significant effect. 

Because of the tremendous sensitivity of the delay time to 
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the total hemoglobin concentration, it has been suggested 
that the clinical severity of homozygous SS disease may be 
improved by a small dilution of the intracellular hemoglo- 
bin.” The increase in the delay time resulting from a 
decrease in the intracellular concentration would allow more 
cells to eseape the microcirculation before gelation has 
begun.°’ Tc estimate the effect of concentration on the delay 
time we use a 15th power inverse concentration dependence, 
since this is the concentration dependence found for delay 
times of about one second (Fig 3). The decrease in MCHC 
from 32 g/cL to 30 g/dL associated with the coexistence of a 
thalassemia, in which two of the four @ genes are deleted 
(~a/~—qa),’” produces an almost three-fold increase in the 
delay time for the “average cell.” The result is increased red 
cell surviva!*’?!° and an indication of fewer episodes of the 
acute chest syndrome and leg ulceration." Also, in SS 
disease there may be an increased frequency of the a gene 
deletion with age, suggesting that a decreased total intracel- 
lular hemoglobin concentration is associated with a longer 
life expectancy.’ In HbS-6°-thalassemia there is a similar 
decrease in MCHC, and the clinical course relative to SS 
disease is “milder in many features.” 

Thus far we have seen that for genetically different 
sickling disorders there is a good correlation between intra- 
cellular gelation in vitro, for solutions having compositions of 
the average cell, and disease severity for the average 
patient.§ Tə investigate the role of clinical diversity one 
would ideally want to know at least the distribution of 
intracellular delay times for patients from a clinically well- 
characterized population. No such data are yet available. An 
efficient but limited method of examining distributions of 
intracellular gelation is to measure density distributions, 
since the density is proportional to the total intracellular 
hemoglobin concentrations. Differences in intracellular sol- 
vent conditons of pH, 2,3-DPG concentration, etc, are 
expected to have a much smaller effect on gelation than 
differences in intracellular hemoglobin concentrations. Cen- 
sequently the distribution is expected to reflect the distribu- 
tion of intracellular delay times, except for the effect of F 
cells. 

The only study carried out so far is one in which cell 
density distributions were compared with the incidence of 
painful cris:s.”* No correlation was found between the 
fraction of cells in the highest density range and crisis 
frequency. This result was interpreted as evidence that the 
greater probability of intravascular sickling is not the princi- 
pal cause of ncreased crisis frequency, but that variations in 
the anatomy and dynamic properties of the microcirculation 
are responsidle for differences among patients. As pointed 
out earlier, one factor that could be important in determining 
transit times in the microcirculation is adherence to the 
vascular endothelium. A strong correlation has in fact been 





§Correlations between gelation and both overall clinical severity 
and degree of anemia have also been obtained using the in vitro 
fraction polymerized at equilibrium as a measure of gelation in 
vivo. Although the equilibrium fraction polymerized in vitro is not 
relevant to the in vivo situation as discussed earlier, these correla- 
tions give a very similar result” because of the close correlation 
between the kinetic and equilibrium properties of gelation.” 
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found between overall clinical severity and the tendency of 
the red cells to adhere to vascular endothelium in tn vitro 
experiments." The severity score used in this study 
included evidence for organ damage resulting from micro- 
vascular occlusions as well as the frequency of pain crises. In 
this same study there was no correlation between severity 
and hemoglobin F levels or irreversibly sickled cells, which 
are known to correlate with the fraction of dense cells.” 


THE PROBLEM OF INHIBITING GELATION IN PATIENTS 


The strong correlation between gelation and severity for 
the “average” patient with the various sickling disorders 
clearly indicates that inhibition of gelation should result in 
amelioration of the disease. The data on hemoglobin mix- 
tures shows that it will not be necessary to completely inhibit 
gelation (ie, increase the solubility such that it equals or 
exceeds the total intracellular hemoglobin concentrations at 
all oxygen pressures) but that a therapeutic effect should 
result from sufficiently increasing the delay time to allow 
more cells to escape the microcirculation and be reoxygen- 
ated in the lungs before gelation has begun.®”°”* In this way 
there should be a reduction in the rate of production of 
dehydrated, rapidly polymerizing cells, which have been 
generally assumed to be the subpopulation of cells most 
responsible for initiating vaso-occlusion.® To give this con- 
cept a quantitative basis we may ask: how much must 
gelation be inhibited to obtain a specified therapeutic effect 
in patients? An approximate answer to this question can be 
obtained from the correlation between in vitro delay times or 
solubilities in solutions of deoxyhemoglobin mixtures having 
the compositions found in various sickling disorders and their 
“average” clinical course.” 

The data for this comparison are found in Fig 9, and Table 
1 shows the increase in delay time and solubility relative to 
pure deoxyhemoglobin S for solutions having the hemoglobin 
composition found in sickle-6*-thalassemia, sickle cell dis- 
ease with hereditary persistence of fetal hemoglobin, and 
sickle trait. The results in Table I establish a set of criteria 
for obtaining a specified therapeutic effect. They suggest 
that the threshold for obtaining a therapeutic effect in SS 
disease would result from a method that produces an increase 
in the in vitro delay time of about a factor of 100 (corre- 
sponding to a solubility ratio of about 1.2), which is the 
increase found for solutions having the hemoglobin composi- 
tion of sickle-8*-thalassemia; an increase of about 10? to 10° 
(solubility ratio of about 1.3) should produce a major thera- 
peutic effect; and a 10° to 10°-fold increase in the in vitro 
delay time (solubility ratio of about 1.5 to 1.6), found for 
solutions with the composition of sickle trait cells, 1s pre- 
dicted to result in a “cure.” 

With these estimates we can examine the potential utility 
of the various strategies that have been proposed to inhibit 
gelation in patients. Four different approaches have been 
explored or considered in some detail: (1) blocking intermo- 
lecular contact formation in the polymer, (2) raising the 
oxygen affinity, (3) decreasing the total intracellular hemo- 
globin concentration, and (4) promoting fetal hemoglobin 
production. The oldest idea is to develop a competitive or 
covalent inhibitor that would bind stereospecifically to hemo- 
globin S and interfere with polymer formation. Two general 
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Table 1. Clinical Course, Gelation Delay Time 
and Requirements for Therapy 
Disorder S/8°-Thalassemia S/HPHF ASS Trait 
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Clinical course rei- 


ative to S/S dis- 

ease Less severe Much less severe No disease 
Red cell composi- 

tion* 

% HbA 20-30 0 60-75 

% Hb F 0 20-35 Q 

% HbS 80-70 80-65 40-25 
Log delay-time ra- 

tiot 1.5-2.5 2.5-5.0 6.0-8.0 
Solubility ratiot 1.1-1.2 1.2-1.35 1.45-1.65 
Therapy require- 

ments 
Percent saturation 

of inhibitory 

site§ 20-40 40-55 265 
Decrease in intra- 

cellular concen- 

tration (g/dL) || 3-5 5-9 211 
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*The data are from Serjeant.** For S$/8*-thalassemia this is the 
composition of the non-F cells. 

+This is the ratio of the delay time for the mixture to the delay time for 
pure deoxyhemoglobin S at the same total hemoglobin concentration and 
is obtained from the data in Fig 9. These ratios are for subphysiologic 
concentrations using the temperature-jump technique for measuring 
delay times. For physiologic concentrations where the dependence of the 
delay time on supersaturation is smaller, these ratios are expected to be 
smaller, as is found with intact cells (see Fig 9b to d}. 

{This is the ratio of the solubility for the mixture to the solubility for 
pure deoxyhemoglobin S in the limit of ne polymerized hemoglobin (from 
Eaton and Hofrichter”*). 

§This is the fractional saturation of an ideal inhibitory site, ie, one that 
completely prevents polymerization, required to produce the delay time 
increase for pure deoxyhemoglobin S. 

This is the required decrease in intracellular concentration, assuming 
an intracellular hemoglobin S concentration of 34 g/dl in the celis 
entering the circulation in S/S disease. 

Adapted from Sunshine et al.” 


types of mechanisms have been considered. In one the 
“drug” acts directly by binding to an intermolecular contact 
site in the polymer, thereby competitively inhibiting poly- 
merization. In the other the “drug” inhibits polymerization 
indirectly by changing the conformation at the intermolecu- 
lar contact site so that it no longer “fits” into the polymer. 
The direct approach to inhibiting gelation poses a number of 
problems. Unlike an enzyme, where a substrate analogue can 
be a powerful inhibitor of catalysis by binding to the active 
site, none of the known intermolecular contact sites provide 
such a target. There are no clefts, grooves, or other obvious 
structural features that can be used to design molecules with 
complementary structures that might bind to hemoglobin S 
with high specificity. Examination of the intermolecular 
contacts also gives no real clues. This result might have been 
anticipated because the interactions between molecules in 
the polymer are weak. One approach would be to determine 
the structure of hemoglobin-antibody complexes in which 
polymer contacts are the antigenic determinant. Since hapt- 
en-antibody interactions are generally much stronger, the 
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antibody-binding site would be expected to have the struc- 
tural features of a very effective inhibitor and hence could 
serve as a model for the ambitious organic chemist attempt- 
ing to construct molecules that cover the contact sites. 

A natural target on the hemoglobin molecule for attack by 
the indirect mechanism ts the pocket between the 8 subunits, 
which constitutes a specific, relatively high-affinity binding 
site for 2,3-DPG. For example, bifunctional aspirin deriva- 
tives have been described that crosslink the 8 subunits by 
covalently binding to opposite 882 lysines.” Analysis of the 
three-dimensional structure of the complex by x-ray crystal- 
lography shows that this modification causes a shift in 
residues of the F-helix that are part of the acceptor site for 
the 86 contact region, explaining the very large increase in 
solubility (solubility ratios up 1.5).'° Although these particu- 
lar inhibitors may not turn out to be therapeutically useful, 
this and other recent studies”?! demonstrate the power and 
feasibility of using x-ray crystallography to understand the 
mechanism of action of inhibitors and to design more effec- 
tive ones. Most studies of inhibitors of gelation have not 
taken such a “rational” approach. Nevertheless a number of 
effective inhibitors have been found, although none has been 
developed to the point of being a serious candidate for use in 
patients, 7716270 

A second, more speculative strategy for inhibiting gelation 
is to increase oxygen affinity by shifting the allosteric 
equilibrium toward the R structure. At any given oxygen 
pressure there will be a lower concentration of molecules in 
the T quaternary structure and therefore a decreased ten- 
dency to polymerize. Calculations based on the effect of 
saturation on gelation suggest that therapeutically useful 
effects might result, although homeostatic responses that 
maintain oxygen delivery could buffer the inhibitory effect." 
One interesting way of shifting the allosteric equilibrium 
toward R and one that would require much lower doses of a 
drug than directly attacking the hemoglobin molecule would 
be to inhibit 2,3-DPG synthesis.” An additional beneficial 
effect would result from the fact that 2,3-DPG promotes 
gelation of T-state molecules.”** It will be important to 
evaluate the effect of an increase in oxygen affinity in some 
detail because many inhibitors of deoxyhemoglobin S gela- 
tion also increase oxygen affinity. 

The third strategy is to decrease the intracellular hemoglo- 
bin concentration, an idea directly generated from the kinetic 
studies.°’ This approach takes advantage of the enormous 
concentration dependence of the delay time. There are two 
obvious ways that could, in principle, be used to decrease the 
total intracellular hemoglobin concentration. One is to per- 
manently increase the red cell volume, and the other is to 
reduce hemoglobin biosynthesis without a decrease in red 
cell volume, for example by slowly introducing iron deficien- 
cy.’ There are some clinical data to suggest that concomitant 
iron deficiency is in fact beneficial.”' The idea of swelling 
red cells has been tested in a preliminary way. A combination 
of sodium restriction, high fluid intake, and the use of an 


EATON AND HOFRICHTER 


antidiuretic reduced the serum sodium to 120 to 125 mg/dL, 
which resul-ed in a 2 to 3 g/dL decrease in the MCHC?” 
Both the frequency and duration of painful crises appeared to 
be reduced. Although this study was quite limited, involving 
only three patients who served as their own controls, it 
suggests that small reductions in intracellular hemoglobin 
concentration may indeed have a therapeutic effect, as 
predicted from the in vitro gelation studies.’ Another 
approach to swelling red cells in patients has been to alter the 
ion transport properties of the red cell membranes so as to 
affect a net water influx. Several agents have been 
described.*!>'???5224 Of these the most extensively studied is 
ceteidil,*'°?> which may be effective in directly retarding 
the dehydration that produces the rapidly polymerizing 
dense cells as a result of sickling-unsickling cycles.?? In a 
placebo-controlled, double blind stady ceteidil had some 
effect in reducing the severity and duration of pain crises,?”° 
but there is yet no information on its effectiveness in decreas- 
ing crisis frequency or organ damage. 

The fourth strategy for inhibiting gelation in patients is to 
stimulate the production of y globin. As discussed earlier, the 
inhibitory effect results from the inability of the ay, or 
ayy" tetramers to copolymerize with a83.” If y chains are 
exchanged for @° chains in all cells, then some therapeutic 
effect is expected with hemoglobin F levels of about 10% to 
15% (Fig 9 and Table 1). If hemoglobin F is heterogeneously 
distributed, clinical data from Saudi Arabians, where sickle 
cell disease :s milder, suggest that amelioration would result 
if the percentage of F reticulocytes exceeds 20%, which 
results in a steady-state level of about 60% F cells and 20% 
hemoglobin F.” Data on American blacks suggest that at 
hemoglobin F levels above 10% there is a decreased probabil- 
ity of major organ failure, while the threshold for a decrease 
in crisis frecuency is about 20%. Although the molecular 
mechanism :s not at all well understood, significant stimula- 
tion of F reticulocyte production has been achieved in SS 
patients with two drugs: S-azacytidine’*’* and hydroxyur- 
ea”??? With 5-azacytidine hemoglobin F levels of 12% and 
20% were achieved in two patients treated for more than 100 
days, and there was a concomitant decrease in pain crises.” 

The preceding analysis indicates that there is cause for 
optimism, as there are several totally independent and viable 
approaches to the therapy of sickle cell disease. Two 
frequently a single approach has been criticized as not being 
useful because by itself it Goes not produce a dramatic effect 
in patients. There is, of course, no reason why a specific 
treatment fo- sickle cell disease could not consist of the use of 
several drugs simultaneously, each inhibiting gelation by a 
different mechanism and at nontoxic doses that would pro- 
duce only a small effect if given alone. 
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A Glycoprotein Inhibitor of In Vitro Granulopoiesis Associated With AIDS 


By Ira Z. Leiderman, Michael L. Greenberg, Bernard R. Adelsberg, and Frederick P. Siegal 


Patients infected with the human immunodeficiency virus 
(HIV) often present with neutropenia. To elucidate the 
mechanism(s} of this HIV-related neutropenia, we 
assessed the proliferative capacity of the granulocyte- 
macrophage progenitor cell (CFU-GM) from the bone mar- 
row (BM) of 78 patients within the AIDS spectrum mani- 
festing symptoms or signs related to HIV infection. Of 
these, 70 had a significant deficit in the growth of this 
committed progenitor when compared with normal con- 
trols (P < .01). Further analysis revealed that the 
nucleated bone marrow cells from AIDS and AIDS-related 
complex {ARC) patients inhibited the growth of CFU-GMs 
from normai individuals when cocultured in agar 
(P < .001}), Control CFU-GMs were also inhibited when 


EUKOPENIA is frequently associated with human 
immunodeficiency virus (HIV) infection. Although 
lymphopenia, primarily due to a decrease in the absolute 
number of the T helper /inducer (CD4*) subpopulation, has 
been emphasized in the literature,'’ neutropenia is seen in 
~40% of patients who develop symptoms of HIV infection.*” 
In addition, these patients apparently have a greater than 
normal tendency to become neutropenic after exposure to 
trimethoprim-sulfamethoxazole, an antimicrobial drug com- 
bination known to cause transient neutropenia in other 
patients.“ The depletion of the helper/inducer T cell popula- 
tion has been attributed to cellular infection with HIV." The 
CD4 molecule has been identified as a receptor for the virus, 
and its subsequent cytolytic activity depletes that cell popu- 
lation.” ? This mechanism has also been hypothesized for the 
depletion of CD4* monocytes.” Because the CD4 molecule 
has not been demonstrated on neutrophils, such a mechanism 
would be unlikely for the observed neutropenia. 

To determine if the HIV-related neutropenia has a similar 
decrease in the growth of CFU-GMs, we cultured bone 
marrow (BM) cells from 78 patients within the AIDS 
spectrum manifesting symptoms or signs related to HIV 
infection for the preferential growth of this progenitor cell. 
These patients had decreased proliferation of their CFU- 
GMs, and their BM cells inhibited normal control CFU- 
GMs. Further studies revealed that a glycoprotein (gp) 
inhibitor of normal CFU-GM growth is recovered from the 
supernatants of liquid cultures of BM cells from HIV- 
infected individuals. 


MATERIALS AND METHODS 


Subjects. Fifty-three patients met the Centers for Disease Con- 
trol’s (CDC) case definition for AIDS'*: 38 homosexual males, 13 
intravenous (IV) drug abusers (IVDA) (9 males, 4 females), 1 male 
hemophiliac, and | female sexual contact of an IVDA. Twenty 
patients defined as having AIDS-related complex (ARC) had: (a) A 
decreased ratio (<1.0) of helper/suppressor (CD4* /CD8*) T lym- 
phocytes; (b) decreased in vitro lymphocyte blastogenic response to 
mitogens (phytchemagglutinin, PHA, concanavalin-A, and poke- 
weed mitogen, PWM); and (c) at least one of the following 
symptoms-——fever of undetermined origin, nocturnal diaphoresis, 
lymphadenopathy, wasting, diarrhea, leukopenia, or oral candidiasis 
(12 homosexual males, 4 male and 4 female IVDA). Five homosex- 
ual males were classified as having persistent generalized lymphade- 
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they were cultured over feeder layers containing patients’ 
BM cells (P < .001). Conditioned media obtained from the 
liquid culture of patients’ BM cells did not inhibit normal 
control CFU-GM growth to a degree different from that of 
the cells themselves (P > .4). Analysis of these conditioned 
media by polyacrylamide gel electrophoresis (PAGE) 
revealed a unique glycoprotein (gp) with a mol wt of 84 kd. 
Further studies revealed that this gp possessed the inhibi- 
tory activity. These data suggest that this gp may be an 
important factor in HIV-related neutropenia. The presence 
of gp84 was independent of drugs administered to the 
patients. 

è 1987 by Grune & Stratton, inc. 


nopathy (PGL); these patients also had a decreased ratio (<1.0) of 
helper/suppressor T lymphocytes and lymphadenopathy at 22 
extrainguinal sites but no other AIDS-defining symptoms. 

Twenty-five healthy male and female medical personnel who 
denied any risk for developing AIDS were studied as normal 
controls. Informed, written consent was obtained from all subjects, 
and the project was approved by the institutional review board of the 
Mount Sinai School of Medicine (CUNY). 

All subjects were screened for antibodies to HIV by an enzyme- 
immunoassay (lymphadenopathy-associated virus, LAV-ELA; Ge- 
netic Systems, Seattle). All subjects except the controls were repeat- 
edly reactive in this assay, which has been shown to correlate 
completely with Western blot positivity and radioimmunoprecipita- 
tion with °S-cysteine~labeled HIV.” 

Bone marrow and blood collection. BM was aspirated from the 
posterior iliac crest into a sterile plastic syringe containing 50 U 
preservative-free heparin (Weddel Pharmaceuticals, London) 
diluted in 1.0 mL McCoy’s Sa tissue culture medium (GIBCO, 
Grand Island, NY). Peripheral blood {PB} for CFU-GM cultures 
was similarly collected. 

Serum preparation. Venous blood samples collected into sterile 
evacuated tubes (Vacutainer, Becton Dickinson, Rutherford, NJ) 
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were allowed to clot at 4°C. The samples were centrifuged at 2,000 g 
for 10 minutes at 4°C, and the serum was collected and frozen at 
~ 70°C until used. 

Cell separation. The anticoagulated BM was transferred from 
the syringe to a sterile polystyrene centrifuge tube (Corning, Corn- 
ing, NY) and centrifuged at 250 g for 10 minutes at ambient 
temperature (22 + 2°C). The buffy coat was aspirated and diluted 
with 2.5 mL McCoy’s 5a medium. A nucleated cell count was 
performed manually, and the cell suspension was diluted to the 
appropriate concentration with McCoy’s Sa. 

Anticoagulated PB was transferred to a sterile disposable centri- 
fuge tube (Corning) and diluted with an equal volume of sterile 
Hank’s balanced salt solution (HBSS, GIBCO). Ten milliliters of a 
Ficoll-Hypaque solution (sp gr = 1.077) (LSM, Litton Bionetics, 
Kensington, MD) was layered under 40 mL diluted blood. The 
gradient was centrifuged at 250 g for 20 minutes at 4°C. The 
mononuclear cells (PB-MNCs) were aspirated from the Ficoll- 
Hypaque/plasma interface and washed twice with HBSS and were 
then diluted with 2.5 mL McCoy’s 5a to the appropriate concentra- 
tion. 

Granulocyte-macrophage progenitor cell culture. A short-term, 
semisolid culture was used, similar to the system originally described 
by Pike and Robinson.’ Cells in McCoy’s 5a were cultured in a final 
concentration of 10% heat-inactivated fetal bovine serum (FBS, 
GIBCO), 10% giant cell tumor-conditioned medium (GCT-CM; 
GIBCO) as a source of colony-stimulating factor (CSF), and 2 
mmol/L L-glutamine and 1% antibiotic solution (100X PSF; Gibco). 
Warm bacto agar (Difco, Detroit) was added to a final concentra- 
tion of 0.3%, and the suspension was well mixed. Then, 1.0 mL was 
dispensed into each of four 35 x 10-mm tissue culture dishes 
(Corning) and allowed to solidify. Final cell concentrations were 
0.2 x 10°/mL for BM cells and 1.0 x 10°/mL for PB-MNCs. The 
cultures were incubated in an atmosphere of 5.0% CO,/95% air at 
37°C for 10 days. Colonies were scored as =40 cells/aggregate. All 
cultures were scored in triplicate on day 10. These final concentra- 
tions of BM nucleated cells and PB- MNCs were chosen because they 
produced approximately the same CFU-GM growth in healthy 
controls. '* 

Conditioned medium. Nucleated BM cells from patients and 
controls were prepared as described above. The nucleated cells were 
diluted to a concentration of 1.0 x 10°/mL in McCoy’s Sa supple- 
mented with 20% heat-inactivated FBS. The cell suspension was 
dispensed into 25 cm’ or 75 cm? tissue culture flasks (Corning), 
depending on the final volume. The cells were cultured in an 
atmosphere of 5% CO,/95% air at 37°C for 7 days. The CM was 
harvested by double centrifugation to remove all cells. The cell-free 
CM was frozen at — 20°C until used. 

Feeder layers. Feeder layers (FLs) were prepared from BM 
cells or CM. The cells or CM was diluted in McCoy's 5a and 
supplemented with a final concentration of 20% heat-inactivated 
FBS, 2 mmol/L L-glutamine, and 1.0% antibiotic solution (100X 
PSF). Warm bacto agar was added to a final concentration of 0.5%. 
After thorough mixing, 1.0 mL of suspension was dispensed into 
35 x 10-mm tissue culture dishes and allowed to solidify. FLs were 
overlayered with normal target cells in 0.3% agar as described above. 
The amount of CM, or CM precipitate or PAGE eluate (below), 
used in these cultures was the amount calculated to be produced by 
0.2 x 10° BM cells. 

Ammonium sulfate precipitation. CM was precipitated with 
saturated ammonium sulfate, which was added dropwise to an equal 
volume of CM with continuous stirring at 4°C. The stirring was 
continued for 2 hours, The CM/salt solution was then allowed to sit 
undisturbed overnight at 4°C. The precipitate was then pelleted by 
centrifugation at 15,000 g for 20 minutes at 4°C. The supernatant 
was saved, and the pelleted precipitate was resuspended in McCoy's 
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5a to a volume equal to the starting volume of the C™{. Both the 
resuspended precipitate and the supernatant were dialyzed against 
0.015 mol/L phosphate-buffered saline (PBS) at 4°C. Three buffer 
changes were made over 48 hours of dialysis. The dialyzed material 
was then removed and stored at — 20°C until used. 

PAGE. Ammonium sulfate precipitates of the CM were diluted 
1:5 with sample buffer pH 6.8 (0.5 mol/L Tris-Cl, 1.25% glycerol, 
0.05% bromophenol blue) and then run on 7.5% native polyacryl- 
amide gels (PAGE); mol wt was determined in 7.5% gels containing 
1% sodium dodecyl sulfate (SDS).'" All gels were run al a constant 
current as a discontinuous system with the 7.5% running gel at pH 
8.8, the 3% stacking gel at pH 6.8, and the Tris-glycine running 
buffer at pH 8.8. Proteins running into the gel were visualized by 
silver staining.” Glycoprotein (gp) bands were visualized by periodic 
acid-Schiff (PAS) staining. 

Elution of proteins from PAGE. Proteins were eluted from the 
gel slices in an ISCO sample concentrator (Model 1750, ISCO, 
Lincoln, NB). In brief, lanes containing CM from both patients and 
controls were cut from the gels, and the individual lanes were 
sectioned. T1¢ gel sections were placed in individual sample cups to 
which 10 mL Tris-glycine buffer (pH 8.8) was added. Elution of the 
proteins was achieved at 3 W constant power for 2 hours. At that 
time, the p-otein/buffer solution was removed and dialyzed as 
described above. After dialysis, the protein concentration was deter- 
mined by the method of Bradford.” This dilute protein solution was 
concentratec by centrifugation through a Centricon-1@ microcon- 
centrator (Amicon, Danvers, MA), and the final protein concentra- 
tion was redetermined. Inhibitory activity was assayed by adding the 
concentratec eluate to the FL in place of the CM. 

Western Wot. The Western blot technique was adapted from the 
EIA described by Tsang and colleagues.” Antigen is run into a 
native or SDS-PAGE. A nitrocellulose membrane (BA-85; 
Shleicher and Schuell, Keene, NH) is placed over the gel, and the 
gel/nitrocellulose is sandwiched between two plastic pads. The 
sandwich is then immersed into cold Tris-glycine/methanol buffer 
and electrop1oresed with constant voltage for 12 to 14 haurs at 4°C, 
The nitrocel.ulose membrane is then incubated with the first anti- 
body, rewasied, and then reincubated with a horseradish peroxi- 
dase-conjugzted second antibody. Diaminobenzidine is then added, 
and any positive bands are visualized. 

Statistics. Data are presented as the mean +] SD- Statistica! 
significance of the differences between groups was determined by 
Student’s f test. 


RESULTS 


Leukocyse counts. WBC and neutrophil couats for all 
patients studied are summarized in Table 1. The normal 
WBC count for normal adults in this laboratory is 4.8 to 
10.8 x 10°/mL, and the normal neutrophil coun: is 1.9 to 
8.0 x 10°/mL. The mean + SD WBC count of all AIDS 
patients studied was 3.3 + 1.8 x 10°/mL, for ARC patients 
4.5 + 1.7 x 10°/mL, and for PGL patients 5.0 + 0.6 x 
10°/mL. The mean + SD absolute neutrophil counts were 
2.1 + 0.9 x 10°/mL, 2.5 + 1.2 x 10°/mL, and 3.0 + 0.6 x 
10°/mL for the patient groups, respectively. The WBC and 
neutrophil counts were not significantly different between 
the three HIV-infected groups. There was no significant 
difference between the WBC or neutrophil couats of the 
homosexual and drug abuser groups studied or between 
homosexua! patients with Pneumocystis carinii pneumonia 
(PCP), Kaposi’s sarcoma (KS), or other opportunstic infec- 
tions (Ols). The WBC and neutrophil counts of AIDS and 
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Table 1. Leukocyte and Neutrophil Counts of Patients 








Patients® {n} Leukocyte Count (Range) Neutrophils (Range) 
AIDS (53) 3.3 + 1.8 (1.0-8.6) 2.1 + 0.9 (0.1-7.5) 
ARC (20) 4.5 + 1.7 (2.8-7.0) 2.5 + 1.2 (1.2-4.8) 
PGL (5) 5.0 + 0.6 (4.2-5.9) 3.0 + 0.6 (2.4-3.8) 


AIDS, by risk groupt 


Homosexual (38) 
IVDA (13) 
Hemophiliac (1) 
Wife of IVDA (1) 


Homosexuals with AIDS, by infection/neoplasmt 


PCP (16) 
Other OI (14) 
KS (8) 


+ 


3.3 + 1.6 (1.0-7.7) 
3.6 + 3.4 (1.6-8.6) 
1.5 
5.0 


2.9 + 1.4 (1.1-5.2) 
3.5 + 2.2 (1.0-7.7) 
3.9 + 0.6 (1.1-5.2) 


2.1 + 0.98 (0.13-4.2) 
3.4 + 3.1 (1.2-7.8) 
0.7 

4.0 

2.1 + 1.3 (0.13-4.2) 


1.9 + 0.8 (0.67-3.3) 
2.3 + 0.4 (1.8-2.6) 


nn en aan 
Neutrophil counts are mean count x 10° + 1 SD/mL. Normal leukocyte count = 7.8 (4.8-10.8) x 10°/mL; normal neutrophil count = 4.0 (1.94 


8.0) x 10°/mL. 
* Differences between AIDS and ARC counts were not significant. 


+ Differences between leukocyte and neutrophil counts of homosexuals and IIVDA were not significant. 
{Differences between leukocyte and neutrophil counts of homosexuals with PCP, and other Ols, and KS were not significant. 


ARC groups were significantly reduced when compared with 
those of the normal population (P < .01). 

CFU-GM proliferation. As shown in Fig 1, BM cells 
from 53 AIDS patients, 20 ARC patients, and 5 PGL 
patients each generated significantly fewer CFU-GM colo- 
nies than did controls (P < .01). No significant differences 
were noted among AIDS, ARC, and PGL patients, among 
the various risk groups with AIDS described above, or when 
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Fig 1. Comparison of growth of the granulocyte-macrophage 
progenitor cell colonies (CFU-GMs, mean + SEM) from 9 healthy 
controls (35.7 + 1.5), 5 patients with PGL (8.6 + 1.1), 20 ARC 
(16.4 + 3.2), and 53 AIDS (11.32 + 1.7). There was a statistically 
significant difference (P < .001) in the number of CFU-GM colo- 
nies between the control group and each of the three groups of 
patients, but not between the patient groups. There was no 
significant difference between the patient groups. Within the 
AIDS group, there was no significant cifference between the 
patients with an opportunistic infection (treated or untreated) and 
those with a neoplasm characteristic of AIDS (not shown). No 
patients had received antineoplastic chemotherapy prior to being 
studied. 


the patients with AIDS who had PCP, other Ols, or KS 
without OI were compared (P > .5 for each comparisen), 
although each group was significantly reduced when com- 
pared with normal subjects (P < .01). 

Coculture and FLs. Control PB-MNCs were cultured 
for CFU-GM in the presence of 10% serum from AIDS 
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Fig 2. Dose-related inhibition of control CFU-GMs by BM- 
nucleated cells from AIDS patients. BM-nucleated cells from 
patients (n = 10) with AIDS were isolated in FLs at concentrations 
of 0.05, 0.1, 0.2, and 0.4 x 10° cells/mL and overlayered with 
0.2 x 10° control BM-nucleated cells (O) or PB-MNCs (^). These 
control cells had progressive decreases in colony growth of 20.2%, 
44.2%, 68.1%, and 80.1%, respectively, when compared with 
control cells grown over FLs devoid of cells (heavy lines are the 
mean number of colonies; broken lines are the SEM). Mean 
number of colonies grown over FLs containing normal contro! BM 
nucleated cells (@) (shaded area denotes SEM). The decrement 
seen for each group was significantly different (P < .001) from 
values for control cells grown over cell-free FLs or FLs containing 
0.2 x 10° control BM cells. 
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patients. No difference was seen between these cultures and 
those cultured with or without heterologous control serum 
(data not shown). In contrast, coculture of AIDS BM- 
nucleated cells with control PB-MNCs in 0.3% agar revealed 
Significant, sometimes total, colony growth inhibition 
(P < .001). 

When FLs containing varying numbers of AIDS-BM 
nucleated cells were overlayered with 1 x 10° control PB- 
MNCs, CFU-GM growth at maximal inhibition was similar 
to that from the BM cells from the AIDS patients. Decreased 
colony formation by the control cells was seen in a dose- 
response fashion with increasing concentrations of patients’ 
cells (Fig 2). 

Conditioned media. Cell-free CM prepared from the 
BM-nucleated cells from eight patients with AIDS and two 
controls were added to the FLs at a final concentration of 
10% in place of BM cells. The CM from all the AIDS 
patients significantly (P < 001) inhibited the CFU-GM 
growth of normal PB-MNCs in the same fashion as did 
AIDS BM-nucleated cells. Control CM had no effect on the 
cultures. After ammonium sulfate precipitation of the AIDS 
CM, the inhibitory activity was recovered from the precipi- 
tates (Fig 3) but not from the supernatants (not shown). 
Again, control CM showed no inhibitory activity in either 
fraction. 

PAGE. The ammonium sulfate precipitates of the 
patients’ and controls’ CM were run in 7.5% polyacrylamide 
gels. A unique band was observed in the lanes containing the 
patients’ CM but was absent in the control lanes (Fig 4). 
This protein, absent in the control lanes, had a relative 
molecular mass of 84 kd as determined by SDS-PAGE (Fig 
4). PAS staining of these gels revealed a gp band in the same 
region as the unique band, but the 84-kd region was PAS 
negative in the control lanes. 

The proteins were electrophoretically eluted from serial 
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Fig3. Control CFU-GM colony growth (mean + SEM) over FLs 
that were without cells or CM (36.25 + 1.1) or contained CM 
prepared from control BM cells (35.7 + 1.5), 0.2 x 10° BM- 
nucleated cells from patients with AIDS (12.1 + 2.0), CM prepared 
from AIDS BM cells (6.0 + 0.6), resolubilized ammonium sulfate 
precipitate from AIDS BM CM (3.3 + 0.7), and electrophoretic 
eluates of 84-kd bands from PAGE-separated CM (2.0 + 1.2). 
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Fig4. Resolubilized ammonium sulfate precipitates of CM were 
electrophoresed into a 7.5% SDS-polyacrylamide gel and silver 
Stained to visualize the separated proteins. Lanes 1, 2, and 4 
contained CM prepared from bone marrow (BM) cells of three 
different patients with AIDS. Lane 5 contained CM from a patient 
with ARC. Lane 7 contained CM from a healthy HIV-seronegative 
male homosexual. Lanes 3 and 6 contained CM from two different 
normal controls. 





slices of 7.5% preparative PAGE. The proteins isolated in 
this manner had inhibitory activity in the CFU-GM assay in 
the same fashion as described for the CM. The inhibitory 
activity was recovered from proteins eluted from the region 
of the gel that contained the unique band (Fig 3). No other 
proteins w th inhibitory activity were recovered from any 
other region of these lanes or from control lanes. 

Western blotting. Resolubilized ammonium sulfate pre- 
cipitates of CM were electrophoresed into 7.5% SDS-PAGE 
and were then blotted as cescribed. The blotted proteins were 
then probed with polyclonal and monoclonal antibodies 
raised against HIV antigens (generously provided by Drs 
Robert Gallo and S. Zaki Salahuddin of the National Cancer 
Institute). The 84-kd band was not recognized by any of 
these antibodies. 


DISCUSSION 


Leukopenia and neutropenia are frequent findings in 
patients within the AIDS spectrum. To elucidate the mecha- 
nism of th> neutropenia. we assessed the proliferation of 
CFU-GMs from the BM cells of 78 patients within the AIDS 
spectrum (AIDS, ARC, and PGL). BM cells from 70 of 78 
patients made significantly fewer CFU-GM colonies than 
did controls (P < .01). 

The number of CFU-GM colonies from groups of patients 
with AIDS. ARC, or PGL were not statistically significantly 
different from each other, indicating that this decrease was 
not related to the severity of clinical disease. Statistical 
comparison of the number of CFU-GMs among the various 
risk groups also showed no significant differences. Homosex- 
ual men, the largest group of AIDS patients we studied, were 
further divided into three subgroups: those with PCP, other 
Ols, or with KS with no OI. No significant differences were 
seen between these subgroups in the number of CFU-GM 
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colonies, indicating that there was no relationship to any type 
of secondary infection or malignancy. OF particular interest, 
60% of the patients with PCP but none of the others had been 
treated with trimethoprim-sulfamethoxazole. Although this 
drug combination has been well documented to cause neutro- 
penia and AIDS patients have been reported to be especially 
sensitive,® these results from the various subgroups indicate 
that the neutropenia and reduced CFU-GMs in our patients 
were not consequent to such drug therapy. The apparent 
exquisite sensitivity to the drug may be the result of a 
background of preexisting defective granulopoiesis with little 
or no reserve capacity when even minor additional suppres- 
sion is superimposed. 

Coculture of control PB-MNCs with AIDS BM cells 
revealed a profound decrease in the number of colonies 
formed. To determine whether this decrease in CFU-GM 
colony growth was due to a cell-cell interaction or to a factor 
released by the cells into the culture milieu, patients’ BM- 
nucleated cells were immobilized in a FL without CSF, over 
which the control cells were cultured with added CSF. 
Because the normal CFU-GMs can be progressively inhib- 
ited with increasing concentrations of physically separated 
patients’ cells in the FL, we established the humoral nature 
of the suppression. 

To identify further the factor(s) responsible, CM were 
obtained from liquid cultures of AIDS BM-nucleated cells. 
CM added to cell-free FLs inhibited growth to a degree 
comparable to coculture with BM cells (Fig 3). The inhibi- 
tory factor was precipitated by 50% ammonium sulfate. 
PAGE analysis of the CM precipitate and PAS staining 
revealed that the inhibitory factor is a gp with a relative mol 
wt of 84 kd. The 84-kd bands electrophoretically eluted from 
the gels had inhibitory activity identical to that of the CM. 

We previously reported that excessive margination of 
neutrophils was not found in AIDS pateints and that five of 
six AIDS patients had a decreased mobilizable BM neutro- 
phil storage pool in vive.” Morphological observations of BM 
biopsies confirmed a decrease in the mature neutrophil 
pool.” Because the fraction of BM myeloid precursors in 
DNA synthesis was within the normal range, BM granulo- 
poiesis may not respond appropriately to the neutropenia. 
Although our data from in vitro cultures cannot be directly 
compared with the above observations in vivo, the decrease in 
the BM storage pool of mature neutrophils could be 
explained at least in part by inhibition of stem cell activity. 
The inhibitory activity on BM neutrophil progenitors demon- 
strated in vitro might also affect more mature precursors. 
The decrease in the storage pool, in turn, would explain a 
profound decrease in CFU-GMs associated with a less 
profound decrease in blood neutrophils since one can main- 
tain blood neutrophils at the expense of the storage pool. 

Donahue et al” have reported that sera and immunoglobu- 
lins from HIV-infected individuals suppressed CFU-GMs 
and BFU-Es from AIDS and ARC patients but not from 
healthy controls. They observed that antibodies against the 
HIV envelop gp130, inhibit CFU-GM, thus suggesting that 
this antibody reacts with HIV infected progenitors and 
suppresses them. Similarly, we found that sera from patients 
with AIDS had no effect on CFU-GMs from healthy con- 
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trols, but the novel gp that we report here differs from the 
findings of Donahue et al since it is not an immunoglobulin 
and is not cross-reactive with antibodies against HIV. In 
other unpublished studies, we found no evidence of inhibition 
of BM cells or PB BFU-Es or CFU-Es by control or patient 
CM. In addition, CM added to control PB- MNCs stimulated 
with varying concentrations of phytohemagglutin, pokeweed 
mitogen, and concanavalin-A did not decrease the blasto- 
genic response to these mitogens. Thus, the specificity of 
gp84 is different from that reported by Donahue et al and 
from an inhibitor of lymphocyte proliferation in AIDS 
patients described by Laurence and Mayer.” Our Western 
blot data do not preclude the possibility that gp84 is an HIV 
product, although it is more likely a secondary product of 
HIV infection. 

Inhibitors of CFU-GMs have been well described in 
numerous acute diseases and syndromes.” ® Many of these 
inhibitors are T lymphocyte-mediated,*'** whereas others 
are factors released by other specific cell populations. =" The 
gp that we demonstrated has different physiochemical char- 
acteristics from these previously described factors. 

FeLV, a retrovirus with similarities to HIV, induces an 
immune-deficient state in some infected cats, many of whom 
are neutropenic as well.” These infected, neutropenic 
animals have a decrease in the number of BM CFU-GMs, 
although no explanatory mechanism has been proposed.” 
Conceivably, the neutropenia secondary to FeLV infection is 
analogous to the neutropenia associated with AIDS. 

Our demonstration of a gp that inhibits granulopoiesis in 
vitro possibly provides an explanatory mechanism for previ- 
ous observations of neutropenia in patients within the AIDS 
spectrum. 

Preliminary experiments suggesting the specificity of the 
inhibitor raise the possibility that a series of specific viral 
products or virally induced products may explain some of the 
many cellular defects observed in these patients. The lack of 
reactivity with known antibodies to HIV suggests that gp84 
is not a viral constituent, although gp84 may be produced by 
a population of BM cells in response to HIV infection. 
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Molecular Genetic Survey of 16 Kindreds With Hereditary 
Antithrombin III Deficiency 


By Susan Clark Bock and Edward V. Prochownik 


Molecular genetic techniques were utilized to examine 
antithrombin Hi (ATII) gene status in 16 independently 
ascertained kindreds with hereditary ATII deficiency. In 
one of these families antithrombin Ill deficiency is caused 
by hemizygosity of the ATII! locus. in the remaining 15 
kindreds, two copies of the ATIII gene are present and 
appear to be grossly normal at the level of whole genome 


NTITHROMBIN HI (ATIED is a plasma glycoprotein 
that is in large part responsible for maintaining the 
fluidity of blood. It inhibits thrombin and other activated 
proteinases of the coagulation cascade by forming stoichio- 
metric 1:1 inhibitor-enzyme complexes with them.’ The rate 
of antithrombin II[I-mediated thrombin inactivation is modu- 
lated by the acidic mucopolysaccharide heparin, increasing 
by over three orders of magnitude in the presence of this 
cofactor.’ 

Studies of families with inherited antithrombin HI defi- 
ciency have provided evidence that ATIII is an important 
physiologic inhibitor of thrombin.” Affected individuals in 
such families have functional anticoagulant levels that are 
about 50% of normal and tend to suffer recurring episodes of 
pulmonary embolism and deep vein thrombosis during adult 
life. More than 50 families with ATIH deficiency have been 
reported in the literature (see Thaler and Lechner’ for 
review). The human ATHI structural gene locus maps to 
chromosome 1, subregion 1q23-q25,* and the mode of inheri- 
tance in all cases of ATIII deficiency studied so far is 
autosomal dominant. 

Two categories of ATII deficiency have been defined on 
the basis of ATIH antigen levels in the plasma of affected 
individuals. The majority of ATIH deficiency kindreds 
belong in the type I (’classical”) deficiency group’ and have 
a quantitatively abnormal phenotype in which antigen and 
heparin cofactor levels are both reduced to about 50% of 
normal. Possible molecular genetic explanations for type I 
deficiencies include complete or partial deletion or rear- 
rangement of one ATI allele or mutations that interrupt 
anticoagulant biosynthesis at the RNA or protein level. 

The second category of ATIII deficiency affects about 
20% of families with hereditary thrombosis® and has been 
termed type lH (“functional”) deficiency.” Affected individu- 
als from these kindreds produce dysfunctional ATH mole- 
cules; they have reduced heparin cofactor activity levels 
(approximately 50% of normal) but levels of ATIH antigen 
are often normal or nearly normal.” In addition, variant 
ATII molecules, but not thrombotic symptoms, are inher- 
ited in several other families.” Studies of dysfunctional 
and variant ATIIIs have shown that the abnormalities in 
ATIIL molecules from different kindreds are heterogeneous, 
and the amino acid substitutions responsible for dysfunction 
have been identified in four cases. %74% 

cDNA clones for human ATII have been isolated,” and 
the structure of the gene has been determined.” In addition, 
two restriction fragment length polymorphisms in the ATI 
locus have been identified.” The availability of probes, a 
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Southern blotting, suggesting that small deletions. inser- 
tions or limited nucleotide substitution(s) in the antithrom- 
bin lil gene, or “trans-acting” defects at other loci involved 
in the processing, modification, and secretion of biologi- 
cally active ATIH are responsible for the observed anticoag- 
ulant disorders. 
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map, and linkage markers for the ATI] gene have made it 
feasible to use a molecular genetic approach to study the 
origins of ATHI deficiency in affected families. This com- 
munication reports the initial results of a survey on 16 
different kindreds that segregate hereditary ATHII deficien- 
cy. 


METHODS 


ATIII deficient families. Family histories, hematologic data, 
and blood samples were kindly supplied by Drs K. Bauer {Boston}, J. 
Brandt (Columbus, OH), J. Chediak (Chicago), J. Lewis (Pitts- 
burgh), J. Rand (New York), M. Skolnick (Salt Lake City), J. 
Weitz (New York), and G. White and J. Griffith (Chapel Hill, NC). 
Reports on kindreds RUS4, RU 90,°* CHI and CH2,” and 
CH6™ have appeared previously in the literature. 

Preparation of genomic DNA and Southern blots. High mol wt 
genomic DNA samples were prepared as previously described'*”° 
from 30-ce blood samples anticoagulated with EDTA or acid- 
citrate-dextrose. Five-to 15-microgram DNA samples were digested 
with the indicated restriction enzymes and used to prepare Southern 
blots on nitrocellulose or nylon filters following electrophoresis 
through 0.8% or 1.0% agarose gels. The Southern blots were 
hybridized to antithrombin HI cDNA probes” that had been 
labeled to high specific activity by nick translation with *P. 

Gene dosage studies. ATII gene dosage was determined in 
several different ways. In some individuals the presence of two 
ATIH alleles could be visualized directly on Southern blots using 
alleles of the ATH sequence’! and length” DNA polymorphisms as 
linkage markers. Similarly, a family study of DNA polymorphism 
segregation was used to demonstrate the deletion of one ATH allele 
in one kindred.’ Finally, quantitative ATI] gene dosage studies 
were performed on those families in which all available affected 
individuals were not heterozygous for either of the restriction 
fragment length polymorphisms (ic, they were either homozygous or 
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hemizygous at these markers). In these studies Southern blots were 
hybridized to a mixed probe containing human ATHE” and CT 
inhibitor“ cDNA sequences. ATIII is located in subregion q23-q25 
of chromosome 1,‘ while CÍ inhibitor maps to chromosome Il, 
qi2-q13.1. Cl inhibitor thus serves as an internal pene dosage and 
blotting control in this protocol. Control DNA for the quantitative 
gene dosage experiment was extracted from cultured fibroblasts of 
the GM2025 cell line (del 1q21-1q25; Human Genetic Mutant 
Repository, Camden, NJ). Following autoradiography films were 
scanned on a densitometer. 


RESULTS 


The flow chart shown in Fig | depicts the experimental 
scheme used to study ATIII gene status in families with 
hereditary ATIII deficiency. Table | summarizes the results 
of our work on 16 such families. 

Absence of gross abnormalities in the ATIII gene. 
Southern blot analysis (experiment A on flowchart, Fig 1) 
can resolve gross alterations in a locus of interest, since the 
deletion, insertion, or rearrangement of a substantial amount 
of DNA (>~100 bp) will alter the distance between adjacent 
restriction sites and generate new hybridizing fragments 
with unusual mobilities. A battery of restriction enzymes 
(BamHI, EcoRI, HindHi and PstI) known to cleave collec- 
tively at fairly regular intervals throughout the ATII locus”? 
was used to digest normal and patient DNAs. Southern blots 
were prepared and hybridized to an ATIII cDNA probe. In 
the blot shown in Fig 2 and others, the patterns of hybridiz- 
ing fragments obtained from DNAs of affected individuals in 
all 16 deficiency kindreds were qualitatively identical to 
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Fig 1. Flow chart showing experimental procedures used for 
molecular genetic analysis of hereditary antithrombin tl deficien- 
cies and their possible outcomes. 
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Table 1. AT ili Levels and AT ill Gene Status in 16 Families With 
Hereditary Antithrombin Hi Deficiency 








ATH ATIJ ATH Polymorphism 
Functional Antigen Gene Type of Haplotype if 
Kindred Activity Level Dosage Gene Defect Dysfunctional 
RU 51 R R Zn DG or UL F 
RU 52/56 R R 2t DG or UL "= F 
RU 53 R R a DG or UL ~ F 
RU 54 R N 2s DG or UL ~~ JF 
RU 55 R ND 2* DG or UL ~ F 
RU 57 R R 2* DG or UL JF 
RU 58 R N 2” DGorUL = F 
RU 59 R ND 2* DG or UL +,F 
RU 60 R ND z2% DG or UL -F 
RU 90 R R 2+ DG 4,5 
CH1 R R Les CD 
CH2 R R 2t DG or UL +5 
CH3 R R 2* DG or UL ~ F 
CH4 R R 2t DG or UL +5 
CH5 R R 2t DG or UL +,F 
CH6 R R 2t DG or UL +F 





Abbreviations: R, reduced; N, normal: ND, not determined: DG, 
dysfunctional gene; UL, unlinked, transacting mutation: CD, complete 
deletion. 

*Method of gene dosage determination: Quantitative dosage blot. 

t Method of gene dosage determination: DNA polymorphism heterozy- 
gosity in affected individual. 

{Method of gene dosage determination: Family Study using DNA 
polymorphisr. 


those produced by DNAs from normal relatives and controls 
after variations caused by commonly occurring DNA poly- 
morphisms had been accounted for. These data indicate that 
ATIH deficiency in these families is not caused by insertion 
or rearrangement of a substantial amount of DNA in the 
ATIH locus or partial deletion of the gene but suggest (1) 
complete deletions, (2) point mutations, or (3) trans-acting, 
unlinked mutations as possible causes of hereditary thrombo- 
Sis, 

Antithrombin I gene dosage in ATII deficient fami- 
lies. The rext stage in our analysis of ATHI deficiency was 
to determine ATIH gene dosage in the 16 families with 
hereditary thrombosis (experiment B on flowchart, Fig 1). 
The issue cf whether hemizygosity of the ATIN locus was 
responsible for reduced antithrombin levels was assessed (1) 
by using AT HI DNA polymorphisms as linkage markers for 
specific antithrombin HI alleles and (2) through quantitative 
Southern blot experiments. 

Two two-allele DNA polymorphisms*'* have been identi- 
fied with ATIH cDNA hybridization probes. The “+” and 
“—” alleles of the PstI sequence polymorphism generate a 
hybridizing 5-kb doublet and a 10-kb band, respectively (Fig 
3 A), while the “F” and “S” alleles of the length polymor- 
phism produce 1450 and 1550 nucleotide BamHI fragments, 
respectively (Fig 3 B). Figure 3 C shows blots prepared with 
Pstl- (top) and BamHI-cleaved DNA (bottom) from two 
affected members of the RU52/56 kindred. The DNA 
sample frora patient 1 produced a 10-kb PstI band and a 
1450 nuclectide BamHI fragment. This pattern is consistent 
with the presence of one or two ~,F haplotype alleles. 
However, polymorphism analysis of DNA from another 
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Fig 2. 


Southern blot of DNAs from normals and ATiil-deficient patients. The blot was prepared with EcoRi-digested genomic DNAs 


and hybridized to “P-labeled ATIII cDNA insert sequences. Each lane shown contains DNA from a different individual. N, normals; a, 
affected patient from RU51; b, four affected patients from RU52/56; c, two affected patients from RU53; d, two affected patients from 
RUS54: e, affected patient from RUSS; f, two affected patients from RU90. 


affected member of the family, patient 2, showed that 
deletion of one ATIL gene has not occurred in this kindred. 
The presence of two ATIH genes can be directly visualized in 
individual 2 as heterozygosity at both the sequence and 
length polymorphisms. Identification of affected individuals 
who are heterozygous at one or both ATII DNA polymor- 
phisms was also used to exclude hemizygosity as the cause of 
antithrombin III deficiency in CH2,” CH4, CHS, CH6, and 
RU90."° Similarly, inheritance of DNA polymorphisms was 
used to demonstrate hemizygosity of the ATIH locus in 
another family. The presence of a null allele was deduced by 
monitoring the segregation of the Pst! sequence polymor- 
phism in CH1 and established that the hereditary tendency 
to thrombosis in this kindred is due to complete deletion of 
one ATHI allele.” 

Quantitative blotting experiments were used to determine 
ATIU gene dosage in the families in which analysis of ATIH 
DNA polymorphisms was not productive due to the lack of 
marker heterozygosity in available affected patients. South- 
ern blots prepared from HindIII-digested DNAs were 


A ~/-+th —/+ 





g s/s 





hybridized to a mixed probe containing ATH] cDNA and CI 
inhibitor cDNA sequences. The latter probe, which maps to 
chromosome 11,°° is unlinked to ATI (which maps to 
chromosome |*) and served as a DNA dosage and transfer 
control in this experiment. Autoradiograms of the blots were 
scanned on a densitometer and normalized so that the 
intensities of the 4-kb bands resulting from control probe 
hybridization equaled 100%. Some traces are shown in Fig 4. 
When samples from affected individuals in the RUSI, 
RUS53, RUS4, RUSS, RUS7, RUS8, RUS9, RU60, and CH3 
pedigrees were analyzed, intensities of the 2.2-kb and 2.5-kb 
ATII fragments were equal to those of the corresponding 
bands in samples from unaffected, normal controls and 
double those observed in a sample from the ATIH deletion 
control GM2025 (del 1q2!-1q25). Therefore, two ATHI 
genes are present in patients from these nine families, and 
hemizygosity of the antithrombin IH locus is not the cause of 
anticoagulant deficiency. Analysis of a sample from CHI, 
however, reconfirmed that affected patients in this family 
have only one ATIII gene.” 


F/F S/F 





Fig3. Use of ATH DNA polymorphisms to determine antithrombin Ill gene dosage. Southern blots were prepared from Psti- (a and c, 
top panel) and BamHI- (b and c, bottom panel) digested DNAs and hydridized to “P-labeled ATI cDNA sequences. {a} Sequence 
polymorphism. ‘‘—/—' homozygotes produce a 10-kb band Heft), while “+/+” homozygotes generate a 5-kb doublet {center}, and 
“.. / +" heterozygotes produce a composite pattern (right) in which bands are approximately one half as intense as in homozygotes. {b} 
Length polymorphism. “S/S” homozygotes produce a 1550-bp band (left), “F/F” homozygotes a 1450-bp band {center}, and “S/F 
heterozygotes show both fragments at reduced intensity {right}. (c) Affected individuals in kindred RU52/56 have two copies of the ATH 
gene. Sequence polymorphism data are shown in the top pane! and length polymorphism data in the bottom panel. The haplotype of 
patient 1 could be “ —,F/ —,F” or ” —,F /nult’’. However, the haplotype of patient 2 is ” —.F / +,S”, indicating that deletion of one ATH allele 


has not occurred. 
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normal 


normal 


GM2025 


RUS3 


RU6O 


CHi 


CH3 


aa 


Fig 4. Quantitative ATI gene dosage experiment. Southern 
blots were prepared from the indicated Hindlll-digested genomic 
DNAs and hybridized to a mixed probe containing ATI and C1 
inhibitor cDNA sequences. Following autoradiography the film was 
scanned on a densitometer. Peaks a and b are 2.2- and 2.5-kb 
bands resulting from hybridization to the ATII cDNA probe. Peak c 
is a 4-kb band resulting from hybridization to the C1 inhibitor 
control probe, and its height has been normalized to 100% in the 
tracings shown. intensities of peaks a and b from patient samples 
of RU53, RUG6O, and CH3 correspond to those observed in normals 
and indicate that two copies of the antithrombin Hil gene are 
present. Complete deletion of one ATIII allele in the deletion 
control sample (GM2025, del 1q21-q25) and in ATI deficiency 
kindred CH1 is indicated by reduced intensity of peaks a and b in 
these scans. 


DISCUSSION 


Table | summarizes the results of our series of 16 ATIII 
deficiency families. Complete deletion of the ATH locus has 
occurred in one case (CH1). Affected members of this family 
have reduced functional activity and immunologic levels of 
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ATIII, and one individual has experienced deep vein throm- 
bosis. Half normal levels of antithrombin IH have also been 
observed in patients with large, cytologically visible deletions 
of iq (del 1q22-q25 and del 1q21-q25).” 

Major structural gene alterations (partial deletions, rear- 
rangements, and duplications) have been established as the 
molecular causes of genetic disease in certain patients with 
thalassemia, Lesch-Nyhan syndrome,” apolipoprotein Al 
deficiency,” and hemophilia. However, among the families 
we studied there were no examples of large gene alterations 
in the ATIII locus causing anticoagulant deficiency. The 
hybridization patterns of normal and patient DNAs were 
determined using four different restriction enzymes that are 
known to cleave collectively at fairly regular intervals 
throughout the ATHI gene, and we believe that changes 
affecting = 100 bp of DNA would have been detected. 

Affected individuals in 15 of the 16 families surveyed here 
had two ATIH genes. In these cases ATH I deficiency may be 
caused by a small mutation in the ATII gene itself or by a 
defect in a transacting factor involved in the synthesis, 
maturation, or secretion of the functional anticoagulant 
molecule. These two alternatives can be distinguished by 
linkage tests (experiment C on flowchart in Fig 1). In the 
case of dysfunctional ATHI genes, ATIII deficiency will 
cosegregate with a given ATIII allele (which can be recog- 
nized by its DNA polymorphism haplotype). The disorder 
and specific ATI alleles will show unlinked inheritance in 
the cases in which anticoagulant deficiency is caused by the 
dysfunction of a transacting factor or the gene encoding it. 
Since only two two-allele DNA polymorphisms have been 
identified in the ATII locus (combined polymorphism infor- 
mation content = 0.45'), extensive family studies are 
required to confidently distinguish the dysfunctional gene 
and unlinked mutation alternatives and have been completed 
in only one case so far (RU 90). 

RU 90 w a large Utah kindred in which 13 members in 3 
generations have had ATIII deficiency. This family was 
originally described as a type I deficiency, since ATIH 
antigen and activity levels are both reduced to approximately 
50% of normal. However, subsequent immunoblotting 
experiments revealed the presence of very small amounts of a 
variant ATHI molecule in the plasma of Utah patients, and a 
maximum likelihood linkage study established that a dys- 
functional gene residing on a chromosome of the +.S ATI] 
DNA polymorphism haplotype encodes this electrophoreti- 
cally abnormal inhibitor.’ The ATUI-Utah allele has been 
isolated by molecular cloning, and a C to T mutation has 
been identified in the second position of the codon for 
proline-407,"*? a highly conserved residue in the serine 
protease inhibitor gene family.*’ The resultant leucine for 
proline substitution may cause rapid turnover of the mutant 
gene product (due to incorrect folding) and/or loss of the 
ability to form functional inhibitor-protease complexes with 
thrombin (since proline-407 is located only 14 residues away 
from the reactive site arginine”). 

Molecular genetic techniques have been used to survey 
ATI gene status in a series of 16 kindreds with ATIII 
deficiency. Knowledge of the genetic heterogeneity and 
mutations underlying ATIH deficiencies will allow improve- 
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ments in the diagnosis and treatment of affected individuals. 
Additionally, characterization of functionally abnormal 
ATI molecules and the genes encoding them will contrib- 
ute to our understanding of how this anticoagulant molecule 
works and how it is activated by heparin. 
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Oncoplacental Protein SP,—A Constitutive and Inducible Late Differentiation 
Marker of the Human Myelomonocytic Lineage 


By Markku Heikinheimo, Carl G. Gahmberg, Hans Bohn, and Leif C. Andersson 


The oncoplacental protein SP, is found in large quantities in 
human placenta, amniotic fluid, and pregnancy serum. Low 
levels have been reported in association with malignancy 
but also in healthy nonpregnant individuals. By indirect 
immunofluorescence, fluorescence-activated cell sorting, 
and immunoprecipitation we here demonstrate the pres- 
ence of SP, both on the surface and in the cytoplasm of 
human granulocytes but not in earlier myeloid progenitor 
cells in bone marrow. Lymphocytes did not contain the 
protein, and only trace amounts could be found in the 
cytoplasm of blood monocytes. A major glycoprotein with 
an apparent mol wt of 90,000 was obtained by immunopre- 
cipitation of surface-labeled granulocytes. Cultivated blood 
monocytes, while adhering to surfaces or forming multinu- 
clear giant cells, displayed a strong membrane and cyto- 


HE PREGNANCY-SPECIFIC 8- -glycoprotein SP, is 

a glycoprotein with an apparent mol wt of 90,000, and 

it was originally isolated from human placenta.’ While 

human serum normally contains very low amounts of the 

protein,’ serum from women in the last trimester of preg- 
nancy contains up to 300 mg/L. 

Immunohistochemical investigations have revealed the 
presence of SP, in normal and malignant trophoblasts. SP, 
has also been detected immunohistochemically in tumor 
tissue of nontrophoblastic origin, such as in neoplasms of the 
breast and gastro-intestinal (GI) tract.’ Syncytiotropho- 
blasts have been shown to synthesize SP, in organ and cell 
cultures.*° SP, has also been reported to occur in cultured 
fibroblasts and amniotic epithelial cells.’ 

Inaba et alë used histocytochemical techniques and found 
that an antiserum against SP, reacted with human and 
monkey blood neutrophils. The antigen(s) responsible for 
this immunoreactivity was not further characterized. 

We have now investigated the occurrence and the regula- 
tion of expression of SP, in human hematopoietic cells and in 
leukemia cell lines before and after induction of differentia- 
tion. 


MATERIALS AND METHODS 


Hematopoietic cells. Normal blood leukocytes were isolated 
from buffy coats of blood units kindly donated by the Finnish Red 
Cross Blood Transfusion Service. Normal bone marrow was recov- 
ered from pieces of ribs that had to be resected during open thorax 
surgery. 

Fractionation of cells. Blood granulocytes were isolated by 
dextran sedimentation of buffy coats. The leukocyte-rich suspension 
was subjected to Ficoll-Isopaque density gradient centrifugation at 
400 g for 30 minutes. The lymphocytes and monocytes were recov- 
ered from the interphase, while the granulocytes were recovered 
from the pellet as described.” Monocytes were purified by Percoll 
density gradient centrifugation’? of blood mononuclear cells recov- 
ered by Ficoll-I[sopaque gradient centrifugation. 

Cell lines. The following human hematopoetic cell lines were 
studied: the erythroleukemic lines K562''” and HEL”, the myeloid 
cell lines ML-2'4 and HL-60'°, and lymphoblastoid cell lines estab- 
lished locally by Epstein-Barr virus (EBV) infection of normal blood 
B cells. 
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plasmic expression of SP,. Treatment of the myeloid leuke- 
mia cell line ML-2 with tetraphorbol acetate {TPA} strongly 
induced SP, in the membrane and cytoplasm as revealed by 
immunofluorescence and polyacrylamide gel siectraphore- 
sis (PAGE) of immunoprecipitates from lysates of surface 
radiolabeled cells. The induction of synthesis of SP, in 
TPA-treated celis was confirmed by immunoprecipitation 
from lysates of cells metabolically labeled with *S-methio- 
nine. Human lymphoblastoid and erythroleukemic cell lines 
did not express SP, either before or after induced differen- 
tiation. Thus SP, provides a late differentiation marker for 
the myelomonocytic lineage and is strongly induced during 
macrophage differentiation or by TPA treatment of ML-2 
cells. 

è 1987 by Grune & Stratton, Inc. 


Cell culture and induction of cell differentiation. Monocytes 
were cultured in RPMI 1640 medium supplemented with 10% fetal 
bovine serum (FBS) and allowed to attach on glass coverslips that 
were used for immunofluorescent staining. Primary monolayer cul- 
tures of monocytes were detached with a rubber policeman and 
subcultured at high density for five days to form multinuclear giant 
cells on coverslips. HL-60 and ML-2 cells were cultivated at optimal 
densities for three to five days in the presence of 10°° mol/L 
tetraphorbol acetate (TPA) or 10°’ mmol retinoic acid as 
described. K562 and HEL cells were treated with 1.2 ug/mL 
sodium butyrate or hemin at 50 we/mL as described.'""* 

Immunofluorescence. Cytocentrifuged smears were fixed for 
five minutes in cold methanol (~ 20°C) to permeabilize the plasma 
membrane. The indirect immunofluorescence staining was done 
with 1 : 30 diluted rabbit anti-SP, (Dakopatts, Copenhagen, Den- 
mark) followed by 1 : 20 diluted fluorescein isothiocyanate (FITC)- 
conjugated goat antirabbit antiserum. Double immunofluorescence 
staining was performed with the monoclonal antibody (MoAb) 
OKM-1! (Ortho, Raritan, NJ) and rabbit anti-SP, antiserum by 
using FITC-conjugated goat antimouse and rhodamine-conjugated 
goat antirabbit antisera, respectively. 

Fluorescence-activated cell sorting. Norma! bone marrow cells 
in suspension were stained in indirect immunofluorescence by rabbit 
anti-SP, antiserum. The cell suspension was fractionated on a FACS 
IV (Becton-Dickinson) cell sorter, and the positively stained and 
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unstained populations were identified from May-Griinwald~Gi- 
emsa-stained cytocentrifuged smears. 

Cell surface labeling, metabolic labeling, and immunoprecipita- 
tion. Purified granulocytes and uninduced and induced ML-2 cells 
(50 x 10° cells) were radioactively surface-labeled by the periodate / 
NaB’H, technique, as described previously. ® After labeling, the 
cells were solubilized at O°C in I mL of 0.15 mol/L NaCl-0.01 
mol/L sodium phosphate, pH 7.4, containing | % Triton X-100. The 
samples were centrifuged at 10,000 g for 15 minutes and the 
supernatants recovered. Twenty-five microliters were used for slab 
gel electrophoresis and 100-uL aliquots for immunoprecipitation. 
For metabolic labeling of ML-2 cells the cultured cells were 
incubated in 5 ml methionine-free Eagle’s minimum essential 
medium (MEM) containing | mCi *S-methionine for one hour. 
After a two-hour chase in normal medium the cells were collected, 
washed twice, and lysates prepared for immunoprecipitation. Part of 
the *S-methionine-labeled samples were subjected to lentil lectin- 
Sepharose chromatography and the a-methylmannoside-eluted frac- 
tions used for immunoprecipitation, 

Immunoprecipitations with protein A-containing staphylococci 
were performed using 10 uL rabbit anti-SP, antiserum in the 
absence or presence of 10 ug SP, protein. The procedure has been 
described in detail previously.” 

Polyacrylamide gel electrophoresis *H-labeled cells and the 
immunoprecipitates were electrophoresed on 8% polyacrylamide 
slab gels,” and the radioactive proteins were visualized by fluorogra- 
phy as described.” 


RESULTS 


When cytocentrifuge smears from normal blood leuko- 
cytes were stained by immunofluorescence with rabbit anti- 
SP, antiserum, a strong intracytoplasmic staining was seen in 
granulocytes. No staining was obtained with lymphocytes. 
The eosinophilic granulocytes also remained unstained. In 
bone marrow a strong positive reactivity was obtained only 
with cells of the granulocytic lineage. The earliest myeloid 
cells staining with anti-SP, antiserum were found to be 
promyelocytes. Metamyelocytes and mature neutrophils 





Fig t. tmmunofiuorescence staining for SP, (rabbit anti-SP, 
antiserum) in normal bone marrow cells (A) and purified blood 
monocytes with one contaminating neutrophilic granulocyte (ar- 
row, B}. 
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showed a strong reactivity. No staining was seen in the 
erythroid cr megakaryocytic lineages (Fig | A). 

Purified blood monocytes were negative in immunofluor- 
escent surface staining, while a very faint, cytoplasmic 
reactivity, probably mainly in the Golgi area, could be seen 
in smears of monocytes (Fig 1 B). 

Double-immunofluorescence surface staining with OKM- 
| antibody and rabbit anu-SP, antiserum revealed a codistri- 
bution of these antigens as regards the granulocytic lineage, 
except that eosinophilic granulocytes were OK M-1 positive 
but SP, negative (figure not shown). Neither reagent 
detected early myeloblasts or cells of the erythroid lineage. 
Lymphoid cells were negative. 

Sorting of anti-SP,-stained bone marrow cells by a FACS 
IV revealed two populations (Fig 2 A). The positively 
staining cells consisted of mature granulocytes concentrating 
in the right shoulder of the histogram and their late precur- 
sors (Fig 2 C), while other bone marrow cells sorted in the 
unstained population (Fig 2 B). 

When monocytes were allowed to adhere to a glass surface 
and were stained with anti-SP, antiserum, a strong intracyto- 
plasmic reactivity was seen after only one day in culture (Fig 
3 A). The staining intensity increased during the subsequent 
days of culture. Adherent monocytes forming multinuclear 
giant cells also displayed an intense and often asymmetri- 
cally distributed cytoplasmic and surface reactivity with the 
anti-SP, antiserum (Fig 3 C). 

In the hematopoietic cell lines studied, SP, positivity was 
confined te the myeloid cell lines (ML-2 and HL-60). A very 
faint, hardly detectable, intracytoplasmic fluorescence like 
that in monocytes was seen in uninduced ML-2 (Fig 3 Eyand 
HL-60 (nct shown) cells. After treatment with TPA a very 
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Fig 2. Fluorescence-activated cell sorting profile of normal 
human bone marrow utilizing rabbit anti-SP, antiserum (A). The 
SP, negative and positive cell populations are shown in B and C, 
respectively. 
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Fig 3. Immunofluorescence staining for SP, in adherent 
human monocytes (A), giant cells formed by monocytes (C), and 
the corresponding phase contrast microscopic presentations 
(B,D). The bottom figures show immunofiuorescence staining for 
SP, in the myeloid cell line ML-2 before (E) and after (F) induction 
of cell differentiation by means of TPA. 


strong membrane and cytoplasmic reactivity with anti-SP, 
was seen in ML-2 cells (Fig 3 F). TPA-treated HL-60 cells 
also showed an increased reactivity, while the lymphoblas- 
toid and erythroleukemic cell lines did not stain with anti- 
SP, antiserum either before or after induced differentiation 
(not shown). 

When immunoprecipitation was performed with anti-SP, 
antiserum from °H surface-labeled granulocytes and the 
precipitate electrophorized on polyacrylamide slab gels, two 
bands were seen. Most of the precipitated material displayed 
an electrophoretic mobility corresponding to an apparent mol 
wt of 90,000. In addition, a weaker band with an apparent 
mol wt of 54,000 was visualized (Fig 4 C). This might 
represent a proteolytic fragment. The addition of competing 
purified placental SP, protein to the lysate before the immu- 
noprecipitation completely inhibited the specific reaction 
(Fig 4 D). Immunoprecipitation with anti-SP, antiserum 
from lysates of surface labeled, TPA-treated ML-2 cells gave 
a single band on sodium dodecyl sulfate-polyacrylamide gel 


1281 


C D 


B 
GP90— $ 
GP54— = 


a ~ 


PH,— 
BSA— = 
OA- © 
cCA- S 


Fig 4. Polyacrylamide slab gel electrophoretic patterns of 
granulocyte surface glycoproteins reacting with anti-SP, anti 
serum. (A) Pattern of “C-labeled standard proteins: PH, 
phosphorylase b; BSA, bovine serum albumin; OA, ovalbumin: CA, 
carbonic anhydrase (B) Triton X-100 lysate is presenting the total 
surface-labeled glycoproteins of granulocytes. (C) Pattern of 
immunoprecipitate obtained with anti-SP, antiserum from sur 
face-labeled granulocytes. (D) Pattern of immunoprecipitate 
obtained with anti-SP, antiserum from surface-labeled granulo- 
cytes in the presence of 10 ug unlabeled SP,. GP9O. surface 
glycoprotein with an apparent mol wt of 90,000; GP54, surface 
glycoprotein with an apparent mol wt of 54,000. 


electrophoresis (SDS-PAGE) of 90,000 mW (Fig 5 G). No 
band was visualized from untreated or retinoic acid-treated 
ML-2 cells (Fig 5 E,F). 

When lysates from TPA-treated ML-2 cells, metaboli- 
cally labeled with *S-methionine, were immunoprecipitated 
with anti-SP,, two bands of 80,000 and 90,000 apparent mo! 
wt were seen (Fig 6 F). The lower band was enriched on lentil 
lectin-Sepharose columns (Fig 6 L), which shows its glyco- 
protein nature. The two bands are apparently not compo- 
nents of a heterodimeric molecule linked by disulfide bridges, 
since a similar polyacrylamide gel pattern was obtained 
under nonreducing conditions (not shown). 


DISCUSSION 


The SP, glycoprotein belongs to the family of glycopro- 
teins that show elevated serum levels during pregnancy 
Placental tissue has been shown to synthesize this protein in 
vitro and is therefore considered as the main source of the 
SP, during pregnancy. In this study we have shown that the 
SP, glycoprotein is present in blood leukocytes and consti- 
tutes a late differentiation marker for the myelomonocytic 
lineage. Although most of the antigen, as judged by immu- 
noreactivity, is located intracytoplasmically, a surface 
expression can also be observed that allows positive selection 
of the later stages of the granulocyte lineage by fluorescent- 
activated cell sorting. 


1282 





The surface expression of SP, on granulocytes could 
further be substantiated by immunoprecipitation from 
lysates of surface-labeled, purified granulocytes. Analysis of 
the antigen precipitated by the anti-SP, antiserum on PAGE 
revealed a single major band of 90,000 apparent mol w. This 
corresponds to the mol wt reported for SP, of placental 
origin. Antigenic identity of the membrane protein in granu- 
locytes and the SP, occurring in serum during pregnancy 
could be confirmed, since the addition of highly purified 
placental SP, could completely inhibit the immunoprecipita- 





Fig 6. 
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Fig 5. PAGE patterns of ML-2 celi sur- 
face glycoproteins reacting with anti-SP, 
antiserum. {A) Pattern of “C-labeled stan- 
dard proteins, see legend to Fig 4; M, myosin. 
(B) Surface-labeled glycoproteins of un- 
treated celis. (C) Surface-labeled glycopro- 
teins of cells treated with retinoic acid. (D) 
Surface-labeled glycoproteins of cells treated 
with TPA. Twenty-five microliters of 1-mL 
lysates from 50 x 10° cells were loaded on B, 
C and D. (E) immunoprecipitate obtained with 
anti-SP, antiserum from untreated cells. {F} 
immunoprecipitate obtained with anti-SP, 
antiserum from ceils treated with retinoic 
acid. (G) Pattern of immunoprecipitate 
obtained from cells treated with TPA. 


tion with anti-SP, antiserum from surface-labeled granulo- 
cytes. 

The availability of hematopoietic cell lines that phenotypi- 
cally represent clonal expansions of certain lineages arrested 
at different stages of differentiation offers a useful tool for 
studies on biosynthetic events that are difficult to perform on 
limited amounts of available bone marrow cells. In this study 
we used a panel of hematopoietic cell lines that can be 
induced to further differentiation in vitro, Of these the 
promyelocytic cell line HL-69 and the myeloleukemia cell 


Polyacrylamide slab gel electrophoresis pattern of immunoprecipitates obtained with anti-SP, antiserum from *S-methionine- 


labeled ML-2 cells. (A) Patterns of “C-labeled standard proteins, see legend to Fig 4; L, lysosome. (B) Pattern obtained with antiserum 
directly from uninduced cells. (C) Control with nonimmune serum. (D) Pattern obtained with antiserum directly from retinoic acid-induced 
celts. (E) Control with nonimmune serum. (F) Pattern obtained with antiserum directly from TPA-induced cells. (G) Control with 
nonimmune serum. (H-M) Patterns obtained by immune precipitation from sugar eluates of lentil—lectin Sepharose columns. {H}, With 
antiserum from uninduced cells. (I) Control with nonimmune serum. (J) With antiserum from retinoic acid-induced cells. (K} Control with 
nonimmune serum. (L)} With antiserum from TPA-induced cells. (M) Control with nonimmune serum all from the same amount of lysates. 
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line ML-2 expressed appreciable amounts of SP, after 
induced differentiation. The pluripotent leukemia cell line 
K-562 which, like the HEL line, has capacity of erythroid 
differentiation, and the lymphoid lines remained negative 
before and after induced differentiation. 

As TPA treatment in vitro of ML-2 induced the most 
dramatic increase in the expression of SP,, this model was 
selected for further investigations. As seen for differentiating 
granulocytes in normal bone marrow and for monocytes in 
culture, induction of ML-2 cell differentiation led to a 
strongly increased expression of SP, intracytoplasmically, 
but reactivity was also found with the cell surface. Metabolic 
labeling of the TPA-induced ML-2 cells by *S-methionine 
followed by immunoprecipitation and PAGE revealed two 
closely spaced bands of 90,000 and 80,000 apparent mol wt, 
respectively. The two bands did not represent components of 
a heterodimeric molecule linked by disulfide bridges, since 
two distinct similar bands were obtained by gel electrophore- 
sis under nonreducing conditions. Immunoprecipitation from 
surface labeled ML-2 cells, on the other hand, revealed only 
a single band of 90,000 mol wt corresponding to that of 


1283 


higher mol wt obtained from metabolically labeled cells. It is 
possible that SP, occurs in two forms in hematopoietic cells 
where the intracytoplasmic protein has a slightly lower 
apparent mol wt. Alternatively, the 80,000-mol wt band 
observed after metabolic labeling might represent an incom- 
pletely glycosylated precursor of the membrane-expressed 
90,000-mol wt antigen. Pulse-chase experiments with TPA- 
induced ML-2 cells are now in progress to distinguish 
between these two possibilities. 

TPA is commonly used in induction of differentiation both 
of hematopoietic and nonhematopoietic cells. The mecha- 
nism of action of this compound is still incompletely under- 
stood. The ability of TPA to activate protein kinase C might 
be involved in the transduction of the differentiation signals. 
We have earlier shown that treatment of ML-2 cells with 
TPA induces distinct alterations in the surface glycoprotein 
pattern.'® While untreated ML-2 cells contain hardly detect- 
able amounts of SP,, treatment with TPA ied to a strong 
increase in the synthesis of this glycoprotein. This phenome- 
non offers a new model for studies on the TPA-induced 
regulation of gene expression. 
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Effect of Flow on Polymorphonuclear Leukocyte /Endothelial Cell Adhesion 


By M.B. Lawrence, L.V. Mcintire, and S.G. Eskin 


The effect of flow on the adhesion of polymorphonuclear 
leukocytes (PMNL) to vascular endothelium was investi- 
gated using a parallel plate chamber with a well-defined 
flow field. Washed PMNL were perfused over a monolayer 
of primary human umbilical vein endothelial cells (HUVEC) 
pretreated with formyl-methionyl-leucy!-phenylalanine 
(FMLP, 1 x 10°’ mol/L) for five minutes. In other experi- 
ments HUVEC were pretreated with interleukin 1 (IL1, 2 
U/mL) for four hours. PMNL adhesion to stimulated and 
control HUVEC was measured over a physiologic range of 
wall shear stresses. PMNL adhesion to nylon-coated sur- 
face was aiso studied. At a wall shear stress of 0.98 
dynes/cm’, 283 + 37.3 PMNL/mm? (mean + SEM) adhered 
to FMLP-treated HUVEC while 195 + 20.3 PMNL/mm’? 


NE OF THE FIRST responses of the immune system to 
injury or infection is the margination of leukocytes to 
the blood vessel wall. While the effects on leukocytes and 
endothelium of various inflammatory mediators have been 
extensively studied under quiescent conditions, little work 
has been done in characterizing the magnitude and signifi- 
cance of physical forces on the process of leukocyte attach- 
ment to the vessel wall. With the well-defined flow field that 
exists in a parallel-plate flow chamber, the importance of 
wall shear stress in the margination of polymorphonuclear 
leukocytes (PMNL) can be quantitated with respect to the 
effects of inflammatory mediators. 

A number of recent investigations have pointed to an 
independent role for the endothelium in mediating PMNL 
adhesion, Chemotactic compounds such as leukotriene B4, 
complement fragment CSa, and formyl-methionyl-leucyl- 
phenylalanine (FMLP) in nanomolar concentrations have 
been shown in several laboratories to increase adhesion of 
PMNL to endothelium, apparently by action on the endothe- 
lial cell (EC). In one set of experiments we used the 
bacterial endotoxin analog, FMLP, to stimulate adhesion of 
PMNL to endothelium. Perhaps the most dramatic modula- 
tors of the adhesive interaction now being investigated are 
interleukin 1 (IL 1), tumor necrosis factor, thrombin, and 
lipopolysaccharide. These agents induce large increases in 
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adhered te control HUVEC. At 1.96 dynes/cm’, 68 + 14.1 
PMNL/mm’ adhered to FMLP-treated HUVEC and 42 + 6.0 
PMNL / mm’ adhered to control HUVEC. At 3.92 dynes/cm’, 
virtually no PMNL adherence was noted on either control 
or FMLP-treated HUVEC. On IL 1-treated HUVEC at 1.96 
dynes/cm*, 371 + 25.8 PMNL / mm? adhered while 28 + 2.9 
PMNL/mra’ adhered to control HUVEC. PMNL adhesion to 
iL 1-treated and control HUVEC dropped to 10.2 + 3.8 and 
6.8 + 3.5 PMNL/mm’, respectively, at 3.01 dynes/cm’. 
The effect of flow on PMNL adhesion appears to be an 
important factor in determining the outcome of the PMNL / 
HUVEC adhesive interaction under these experimental 
conditions. 

è 1987 by Grune & Stratton, Inc. 


leukocyte adhesion to EC and, in the cases of IL 1 and 
thrombin, appear to act selectively on the EC.** Ina related 
set of experiments we used monocyte-derived IL 1 to stimu- 
late the endothelium and measured PMNL adhesion to 
endothelium under varying flow conditions. Our data show a 
strong flow dependence of PMNL adhesion to endothelium 
that modu.ates the previously reported chemical effects of 
FMLP and IL 1. 

One of the more interesting characteristics of PMNL 
observed in various tissue preparations is their ability to roll 
along the endothelium of postcapillary venules for consider- 
able distances before detaching, stopping, or emigrating 
through the blood vessel wall.”'? This report presents mea- 
surements of PMNL rolling velocities on control and FMLP- 
treated endothelium at varying wall shear stresses. 

It has been postulated that granulocytes play a significant 
role in clinical complications resulting from extracorporeal 
blood flow, such as occurs during hemodialysis and cardio- 
pulmonary bypass procedures.'*' The transient neutropenia 
and pulmonary sequestration of leukocytes associated with 
these procedures are thought to be caused by the activation 
of complement by blood-contacting surfaces.'*'!*'’ We report 
data on PMNL adhesion to nylon surfaces after exposure to 
human plasma under conditions in which the likely mediator 
of the adhesive interaction is surface-bound complement 
fragment C3b. 


MATERIALS AND METHODS 


Endothelial cell cultures’ Human umbilical vein endothelial 
cells (HUVEC) were harvested using collagenase digestion," 
pooled, seeded onto glass slices (34 x 74 mm, Fisher Scientific Co, 
Springfield, NJ}, and cultured in M199 (GIBCO Laboratories, New 
York) supplemented with 20% fetal calf serum (FCS, HyClone 
Laboratories Inc, Logan, UT), penicillin, streptomycin, and neomy- 
cin (PSN, 1% by volume, GIBCO). Cultures were used in experi- 
ments two to four days after reaching confluence. 

Preparaticn of human PMNL. Venous blood from normal, 
healthy male donors was drawn into heparin (10 U/mL, final 
concentration). PMNL were isolated from heparinized whole blood 
by dextran sedimentation followed by hypotonic lysis of erythrocytes 
and centrifugation over Ficcll-Hypaque (FH).'°” The final pellet 
was resuspended in M199 at pH 7.4 to which 3.75 mg/mL of bovine 
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serum albumin (BSA, Sigma Chemical Co, St. Louis) was added 
(M199+ BSA). PMNL were counted with a model ZBI Coulter 
Counter (Coulter Electronics Inc, Hialeah, FL) connected to a 
Coulter Channelyzer (Coulter Electronics) to determine the appro- 
priate dilution ratio. Trypan blue exclusion showed greater than 96% 
viability. 

Preparation of platelet-poor plasma. Venous blood was drawn 
into siliconized glass tubes containing heparin (10 U/mL, final 
concentration). After centrifugation at 400 x g for ten minutes, the 
supernatant was drawn off with a Pasteur pipet and centrifuged 
again at 1,000 x g for ten minutes. The resultant platelet-poor 
plasma (PPP) was transferred to a clean plastic tube.” 

Experimental apparatus. To produce a well-defined wall shear 
stress, we used a parallel plate geometry for our flow chamber (Fig 
1A).7"* One side of the chamber was a slide on which HUVEC were 
cultured. The other side was machined from polycarbonate. Once 
assembled these two flatrsurfaces were held approximately 250 um 
apart by a Silastic rubber gasket (Dow Corning, Midland, MI). 
Because of the small gap-to-width ratio, the channel could be 
approximated over most of its surface as two infinite parallel plates. 
Under laminar flow conditions such as used in our experiments 
(Reynolds number < 2), the velocity profile is parabolic and the wall 
shear stress can be calculated utilizing the momentum balance for a 
Newtonian fluid.” As described in the following equation, the wall 
shear stress is equal to: 


E 
2a*b 


r = Wall shear stress 


T 


u = Coefficient of viscosity 
Q = Volumetric flow rate 
2a = Channel height 

b = Channel width 


A model 935 Harvard Apparatus syringe pump (South Natick, MA) 
was employed for flow control. Experiments were conducted at the 
following wall shear rates: 140 sec™', 280 sec”', 430 sec™', and 560 
sec”! These shear rates, for a flowing tissue culture medium at 
37°C, correspond respectively to wall shear stresses of 0.98, 1.96, 
3.01, and 3.92 dynes/cm’. This range of shear stresses is similar to 
those seen in venules and veins. PMNL/HUVEC interactions under 
these flow conditions were visualized directly using phase-contrast 
videomicroscopy and digital image processing (Fig !). 

Adhesion assay. The HUVEC covered slide was fitted onto the 
flow chamber and vacuum applied to hold it in place. The chamber 
was then rinsed with M199+ BSA at 37°C for 30 minutes. The 
PMNL. suspension was diluted with M1994 BSA at 37°C to a cell 
concentration of 1,000 cells/uL and 30 minutes was allowed for the 
PMNL to stabilize. The PMNL suspension, the connecting tubing, 
and the microscope with flow chamber (Fig 2 B) were all maintained 
at 37°C by an air-curtain incubator (Laboratory Products, Boston; 
Model 279). Approximately 30 minutes after the PMNL were 
diluted, the HUVEC were exposed to! x 10°’ mol/L FMLP for five 
minutes and then rinsed for five minutes with M199+ BSA. The 
PMNL suspension was then perfused through the flow chamber. 
Using a Hamamatsu video camera (Waltham, MA; Model C1012) 
mounted on a Nikon Diaphot-TMD inverted phase-contrast micro- 
scope (Garden City, NY), the experiments were videotaped. The 
number of PMNL attached to the HUVEC monolayer were counted 
after ten minutes of flow. The control consisted of the same 
experimental procedure without the incubation of the HUVEC with 
FMLP. For experiments involving IL ! (Genzyme Inc., Boston), 100 
uL of IL 1 (200 U/mL) in 0.5% BSA was introduced into the petri 
dish containing the HUVEC monolayer and diluted in the tissue 
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Fig 1. {A) Paraliel plate flow chamber machined from trans- 
parent polycarbonate. The cover slip is covered with confluent 
HUVEC or coated with nylon. The silastic gasket separates the 
cover slip from the deck of the flow chamber and, when vacuurn is 
applied, results in a channel gap of 250 um. (B) The flow chamber 
is attached to the stage of the inverted-stage microscope. The 
syringe pump controls the flow and the water bath containing the 
PMNL cell suspension. An air-curtain incubator maintains the flow 
chamber, inlet tubing, and microscope stage at 37°C. The output of 
the video camera is recorded for later image processing and 
anaiysis. 


culture medium to 2 U/mL. The HUVEC were incubated with the 
IL 1 for four hours preceding the experiment.’ The control consisted 
of untreated HUVEC. The PMNL for each experiment were 
isolated from a single donor, and the HUVEC monolayers were from 
the same pooled seeding. 

PMNL rolling velocities were measured by digital image process- 
ing (Perceptive Systems Inc., Houston; Model 327) of videotapes. 
The time interval used for these velocity measurements was 30 
seconds to resolve PMNL velocities below | m/sec. Accordingly, a 
stable adhesion was defined as one that lasted 30 seconds or longer. 
Normalized histograms of velocity distributions and the averages 
were determined from analyzing two to four frames of videotape 
separated by at least one minute in each experiment. 

The same procedure for PMNL preparation was used with studies 
of PMNL adhesion to nylon. Glass slides were coated with Elvamide 
nylon (DuPont, Wilmington, DE) by solvent casting (MeOH, 1% 
solution). In some experiments the nylon surface was incubated with 
PPP for 20 minutes followed by a two-minute washout before the 
PMNL suspension was perfused through the chamber. 

Statistical analysis, The variation in adhesion ratios was ana- 
lyzed using a one-tailed 7 test for paired data since the control, 
FMLP-treated and IL |-treated HUVEC, were from the same 
population of pooled cells, and the washed PMNL. used in the 
experiment were from the same donor. Ratios of the means of 
PMNL rolling velocities on FMLP-treated HUVEC and controls as 
well as ratios of the means at two shear stresses were compared using 
a two-tailed 7 test. A two-tailed ¢ test was also used to compare 
PMNL rolling velocity distributions. Error bars on all histograms 
represent the SEM. 
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Fig 2. PMNL adherent to FMLP-treated HUVEC monolayer 
under flow taken from digitized frame of videotape (magnification 
20 x objective). The large white dots are PMNL adhering to the 
HUVEC monolayer (dark background with barely visible HUVEC 
outlines). PMNL counts in the field of view are normalized to 
PMNL/mm7’. Wall shear stress = 0.98 dynes/cm’. (Figure reduced 
to 65% of original size.) 


RESULTS 


In paired experiments at 0.98 dynes/cm? wall shear stress, 
the ratio of PMNL adhesion to FMLP-treated HUVEC v 
control HUVEC was 1.45 (P < .01, n = 9, Fig 3). At this 
wall shear stress 283 + 37.3 PMNL/mm* (mean + SEM) 
adhered to FMLP-treated HUVEC and 195 + 20.3 PMNL/ 
mm? adhered to control HUVEC after ten minutes of flow. 
At 1.96 dynes/cm? wall shear stress, the ratio of PMNL 
adhesion to FMLP-treated HUVEC v control HUVEC was 
1.58 (P < .025, n = 8). At this wall stress 68 + 14.1 PMNL/ 
mm? adhered to FMLP-treated HUVEC and 42 + 6.0 
PMNL/mm’ adhered to control HUVEC after ten minutes 
of flow. At 3.92 dynes/cm’ wall shear stress, virtually no cell 
adherence was noted on either control or FMLP-treated 
HUVEC (<1 cell/mm’, n = 3), although there were many 
transient white cell/endothelial cell interactions. 

In paired experiments at 1.96 dynes/cm? wall shear stress, 
371 + 25.8 PMNL/mm? adhered to IL 1-treated HUVEC 
and 28 + 2.9 PMNL/mm? adhered to control HUVEC, 
resulting in an adhesion ratio of 13.8 + 1.2 (P < 0l,n=§, 
Fig 4). At 3.01 dynes/cm? wall shear stress, 10.2 + 3.8 
PMNL/mm’ adhered to IL |-treated HUVEC and 6.8 + 3.5 
PMNL/mm’ adhered to control HUVEC, giving an adhe- 
sion ratio of 1.65 + 0.25 (P < .05,n = 5). 

At 0.98 dynes/cm? wall shear stress, 9.7 + 3.8 PMNL/ 
mm? adhered to the nylon surface while on nylon pretreated 
with PPP, 77 + 21.7 PMNL/mm’ adhered, giving an 
adhesion ratio of 7.9:1 (P < .01, n = 4, Fig 5). There was 
almost no adhesion (<1 cell/mm’, n = 3) of PMNL to 
untreated nylon at 1.96 dynes/cm? (data not shown). 
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Fig 3. Effect of flow and FMLP-treatment of HUVEC on PMNL 
adhesion. Experiments performed at wall shear stresses of 0.98 
dynes/cm? (A, 140 sec`'), 1.96 dynes/cm? (B, 280 sec '), and 3.92 
dynes/cm’ (C, 560 sec ''). PMNL were suspended in M199 + BSA 
(1,000 cells’ ul) at 37°C. FMMLP-treated HUVEC (1 x 10°’ mol/L, 
five minutes), cross-hatched bars; control HUVEC. open bars. 
Error bars represent SEM. 
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Fig 4. Effect of flow and IL 1 treatment of HUVEC on PMNL 
adhesion. Experiments performed at wall shear stresses of 1.96 
dynes/cm? (A, 280 sec’) and 3.01 dynes/cm° (B, 430 sec`'). 
PMNL were suspended in M199 + BSA (1,000 cells/ uL) at 37°C. IL 
1-treated HUVEC (2 U/mL, four heurs), cross-hatched bars: con- 
trol HUVEC, open bars. Error bars represent SEM. 
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Fig §. PMNL adhesion to nylon-coated surface under flow 
(0.98 dynes/cm’, 140 sec™'). PMNL were suspended in 
M199+BSA (1,000 cells/ul) at 37°C. PMNL/mm’ adhering to 
untreated nylon surface (A), PMNL / mm’ adhering to nylon prein- 
cubated with PPP for 20 minutes (B), PMNL/mm’ adherent to 
control HUVEC (C). Error bars represent SEM. 
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Fig 6. Effect of flow and FMLP treatment of HUVEC on the 
mean rolling velocities of PMNL. Experiments performed at wall 
shear stresses of 0.98 dynes/cm’ (A, 140 sec™') and 1.96 dynes/ 
cm’ (B, 280 sec™'). FMLP-treated HUVEC, cross-hatched bars: 
control HUVEC, open bars. Error bars represent SEM. 


1287 


At a wall shear stress of 0.98 dynes/cm’, PMNL that were 
attached to control HUVEC had an average rolling velocity 
of 0.166 + 0.046 um/sec; and PMNL attached to FMLP- 
treated HUVEC had an average rolling velocity of 0.134 + 
0.026 um/sec (n = 3, Fig 6). The difference between these 
means due to FMLP treatment of the HUVEC monolayer 
was not significant (P > .4). At a wall shear stress of 1.96 
dynes/cm’, PMNL attached to control HUVEC had an 
average rolling velocity of 0.313 + 0.054 ywm/sec, and 
PMNL attached to FMLP-treated HUVEC had an average 
rolling velocity of 0.269 + 0.047 um/sec {n = 5). The 
difference between these means due to FMLP treatment of 
the HUVEC monolayer was also not significant (P > .4). 
The ratio of PMNL rolling velocities at 1.96 and 0.98 
dynes/cm’ wall shear stress was 1.94 {P < .02). 

Between 20% and 90% of the PMNL with stable adhesions 
to the HUVEC monolayer rolled downstream. At 0.9% 
dynes/cm’, less than 1% of the PMNL rolled faster than | 
um/sec (Fig 7), while at 1.96 dynes/cm’, approximately 5% 
of the PMNL rolled faster than | wm/sec (Fig 8). Difer- 
ences in velocity distributions due to FMLP treatment of the 
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Fig 7. Distribution of PMNL rolling velocities at 0.98 dynes/ 


cm’. FMLP-treated HUVEC, cross-hatched bars; control HUVEC, 
open bars. Each pair of bars represents the fraction of adherent 
PMNL with rolling velocities ranging from 0.0 to 0.13 m/sec (A), 
0.13 to 0.26 um/sec (B), 0.26 to 0.39 um/sec {C}, 0.39 to 0.52 
um/ sec {D}, 0.52 to 0.65 um/ sec (E}, 0.65 to 0.78 um / sec iF], 0.78 
to 0.91 um/sec {G}, and 0.91 to 1.04 um/sec {H}. To generate a 
representative velocity distribution for each experiment, the nor- 
malized velocity distributions from two to four image frames of 
videotapes (separated in each case by at least one minute) were 
averaged. Histograms from experiments under the same condi- 
tions were again averaged to create a final normalized velocity 
distribution. Error bars represent SEM. 
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Fig 8. Distribution of PMNL rolling velocities at 1.96 dynes/ 
cm’. FMLP-treated HUVEC, cross-hatched bars; control HUVEC, 
open bars. Each pair of bars represents the fraction of adherent 
PMNL with rolling velocities ranging from 0.0 to 0.13 um/sec (A), 
0.13 to 0.26 um/sec (B), 0.26 to 0.39 m/sec (C), 0.39 to 0.52 
um/sec (D), 0.52 to 0.65 m/sec (E), 0.65 to 0.78 um/sec {F}, 0.78 
to 0.91 m/sec {G}, and 0.91 to 1.04 m/sec (H). To generate a 
representative velocity distribution for each experiment, the nor- 
malized velocity distribution from two to four image frames of 
videotape (separated in each case by at least one minute) were 
averaged. Histograms from experiments under the same condi- 
tions were again averaged to create a final normalized velocity 
distribution. Error bars represent SEM. 


HUVEC monolayer were not significant at the two flow 
conditions examined, although a broader distribution of 
rolling velocities was observed at 1.96 dynes/cm’. 

In experiments with nylon surfaces, we observed no 
PMNL downstream rolling, although PMNL in the plane of 
focus next to the nylon surface had velocities that ranged 
from 300 to 600 um/sec. Extensive spreading of PMNL 
attached to the PPP-incubated nylon surface was observed. 


DISCUSSION 


From our experiments fluid drag forces appear to have a 
major impact on the number of PMNL adhering to endothe- 
lium. Doubling the wall shear stress from approximately 1 to 
2 dynes/cm’ reduced the number of adherent PMNL by 
more than a factor of four on both control and FMLP-treated 
endothelium. Doubling the wall shear stress again from 
approximately 2 to 4 dynes/cm? reduced adhesion to vir- 
tually zero. On IL 1-treated endothelium, the level of adhe- 
sion was 13-fold more than on controls at 2 dynes/cm’, as 
was expected from earlier results of static experiments on 
PMNL/EC adhesion.” Increasing the wall shear stress to 
approximately 3 dynes/cm* on the IL 1-treated HUVEC 
dropped both the adhesion ratio and the absolute number of 
adherent PMNL dramatically. This large decrease in the 
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level of PMNL adhesion, even on highly stimulated endothe- 
lium, over a small range of wall shear stresses is in accord 
with Lackiz’s proposal that the PMNL/EC adhesive force 1s 
delicately balanced with the shear force due to fluid 
drag% 

The wali shear rates examined in these experiments are 
close to those estimated for the venules and large blood 
vessels but are lower than those estimated for the capillary 
bed where there is normally little PMNL adhesion.” In vivo, 
the abrupt drop in shear forces found in the transition from 
capillaries to venules coincides with the location of the bulk 
of PMNL adhesion in the microcirculation.” A qualitatively 
similar pattern can be seen in our model vessel data using 
dilute suspensions of PMNL. Our data suggest that PMNL 
adhesion to endothelium (even activated endothelium) can 
occur only after shear forces have dropped below a threshold 
level and rray explain in part why PMNL normally adhere in 
venules and not in capillaries. 

By elimmating complex geometry and the resultant com- 
plex fluid mechanics, the flow system described simplifies 
the type of forces a PMNL experiences and permits a direct 
correlation of wall shear stress with the level of PMNL/EC 
adhesion. In our experiments a dilute, washed PMNL sus- 
pension was used so that any influence of platelets or 
erythrocytes would be eliminated. However, there has been 
some recent evidence that in plasma PMNL adhesion to EC 
is reduced.” Pretreatment of the PMNL with FMLP was not 
done, as the purpose of this work was to evaluate the role of 
the endothelial cell substrate on PMNL adhesion. Preactiva- 
tion of PMNL would probably lead to very different levels of 
leukocyte adhesion to HUVEC. It has been shown that 
FMLP causes a 20-minute aggregation response in PMNL, 
so the incubation times for endothelial cells were selected 
accordingly. Tonneson et al” have reported that exposure 
of endothelial cell monolayers to FMLP at a comparable 
concentration for periods of time ranging from 15 minutes to 
4 hours dic not increase PMNL adhesion to the monolayer. 
Thus, the small increases in adhesion seen in our work (Fig 
3) and that of others may be due to some PMNL activation 
by low levels of residual FMLP.'" 

The number of PMNL sticking to nylon was very low 
when compared with the number of PMNL that adhered to 
endothelium at a wall shear stress of 0.98 dynes/cm’. When 
the wall stress was doubled, we observed no PMNL adhering 
to the untreated nylon surface. The contact of the nylon- 
coated flow chamber wall with PPP, as would occur if blood 
were in contact with a similar type of foreign surface, 
dramatically increased the adhesion of PMNL”™ (Fig 5). 
PMNL have receptors for the complement fragments C3b 
and C3bi for effectively attaching tc opsonized surfaces and 
facilitating the phagocytosis of bacteria.” However, when 
nylon activates the C3 convertase enzyme, the C3b and C3bi 
fragments ‘ormed probably bind to nylon's polysaccharide- 
like surface, possibly forming an “opsonized” surface for the 
PMNL to éttach to. 

An unattached PMNL near the wall of our flow chamber 
would be moving at a velocity of several hundred um/sec if 
there were no interactions with the endothelial cell mono- 
layer, as was the case of PMNL near the nylon surface. In 
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contrast, the mean rolling velocities of PMNL we report on 
endothelium are considerably less than | m/sec, which 
indicates that there is a strong adhesive interaction occur- 
ring. In addition, our data show a strong dependence of mean 
rolling velocity on wall shear stress. The mean rolling veloc- 
ity of PMNL subjected to a wall shear stress of 1.96 
dynes/cm’ was approximately double the mean rolling veloc- 
ity of PMNL subjected to 0.98 dynes/cm’. 

Atherton and Born’? have reported that in vivo granulo- 
cyte rolling velocities exhibit a strong flow dependence. 
Unexpectedly, there was no significant difference in average 
PMWNL rolling velocities due to FMLP-pretreatment of the 
HUVEC at either flow rate examined. With both FMLP and 
control experiments, the effect of increased wall shear stress 
was to broaden the distribution of velocities of rolling PMNL 
at the higher flow rate as well as to raise the mean rolling 
velocity of attached cells. The velocity distributions in all the 
experiments analyzed were similar and show consistently 
that 20% to 90% of the attached PMNL were rolling 
downstream. Since a large fraction of PMNL roll down- 
stream due to flow, it is possible that this intermediate level 
of adhesion is a property of leukocytes that allows them to 
marginate from the bulk flow in the circulation yet still 
retain some mobility along the vessel wall. In our experi- 
ments with PMNL adhering to nylon, we observed what 
appeared to be cell spreading but no rolling PMNL, which 
suggests the interaction is of a different nature than the 
PMNL/HUVEC adhesive interaction. 

Little is known about the type and strength of the bonds 
formed between PMNL and EC or the actual forces on the 
interface that determine whether or not the PMNL will 
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adhere. ™!! Employing a centrifugation assay that determined 
the force needed to separate PMNL from an endothelial cell 
monolayer after coincubation of the two cell types, Charo et 
al”? have reported that FMLP and CSa increase the strength 
of PMNL adhesion to endothelium. A stronger adhesive 
interaction with the stimulated endothelium implies that 
rolling velocities would be lower, and PMNL flowing near 
the EC monolayer would be more readily arrested. However, 
only slight differences were observed between PMN L rolling 
velocities on FMLP-treated and control endothelium. Addi- 
tionally, our data indicated the threshold shear stresses for 
PMNL adhesion to untreated, FMLP-treated, and IL l- 
treated HUVEC were very close to each other. The pattern 
of PMNL adhesion to HUVEC at different shear stresses 
suggests that, while there were many more adhesive sites on 
IL | and FMLP-treated endothelium, the adhesive bonds 
formed were not necessarily stronger than on untreated 
HUVEC. 

Even though static conditions in the blood rarely occur, 
most studies of leukocyte adhesion have been conducted in 
systems without controlled flow effects. These studies have 
revealed much about the biochemical interactions involved in 
leukocyte adhesion to endothelium but say little about the 
relative importance of different forms of activation under the 
wide range of physiologic conditions PMNL encounter in 
vivo. Our data, showing that slight changes in wall shear 
stresses can cause large changes in PMNL adhesion to both 
stimulated and unstimulated HU VEC, suggest that the local 
control of blood flow—perhaps by vessel dilation—may be as 
significant as the presence of inflammatory mediators in 
determining where the arrest of leukocytes occurs. 
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Phorbol Ester Induces Interleukin-2 Receptor on the Cell Surface of Precursor 
Thymocyte Leukemia With no Rearrangement of T Cell Receptor @ and y Genes 


By Yasuo Morishima, Yoshihisa Morishita, Koichi Adachi, Mitsune Tanimoto, Ryuzo Ohno, and Hidehiko Saito 


The early event of thymocyte maturation has been ana- 
lyzed using acute lymphoblastic leukemia (ALL) cells. A 
group of ALL cells whose cell surface phenotype was CD2 
(SRBC receptor) negative and CD7 {T cell antigen) positive 
has been considered as precursor thymocyte ALL (pre- 
T-ALL). No rearrangements of the T cell receptor 6-gene 
(TCR 8} and y-gene (TCR y) were found in three of four 
pre-T-ALL patients. Stimulation of these pre-T-ALL cells 
with 12-0-tetradecanoyiphorbol-13-acetate (TPA) induced 
only CD25 (Tac) antigen but no other T cell antigens. These 
findings suggest that the activation pathway of interleukin 
2 (IL-2) receptor already exists in the most immature 


T HAS RECENTLY become evident that the process of 
T cell differentiation from immature thymocytes to 
mature functional T cells accompanies the rearrangement of 
T cell receptor (TCR) genes and the sequential changes of T 
cell surface differentiation antigens.’* Precursor T cells that 
migrate to thymus will acquire the potential to respond to 
exogenous stimulation during the activation process of TCR 
genes. These early events of T cell maturation in the thymus 
have been analyzed using acute lymphoblastic leukemia 
(ALL) cells, because some type of leukemia cells is consid- 
ered to be a clonal expansion of thymocytes at certain stages 
of T cell differentiation.”* 

A group of ALL that is supposed to arise from immature 
precursor thymocytes has been identified by several investi- 
gators.” These ALL cells have the characteristic cell sur- 
face phenotype of CD7 positive and CD2 (sheep RBC 
[SRBC] receptor) negative, It was also reported that some of 
these ALL cells showed no TCR 8 gene rearrangement." 

In order to investigate the earliest event in the thymus, we 
selected CD7 (+) CD2 (~) ALL cells, and analyzed not 
only the cell surface antigens but also TCR 8 and y gene 
rearrangements. Furthermore, these leukemia cells were 
stimulated with phorbol diester, 12-0-tetradeconoylphorbor- 
13-acetate (TPA), and the changes of T cell differentiation 
antigens were analyzed. 


MATERIALS AND METHODS 


Leukemia sample. Four patients with acute leukemia with CD7 
positive and CD2 negative were analyzed. Case no. } was an 
11-year-old boy with thymoma, splenomegaly, and hepatomegaly at 
diagnosis. Peripheral blood WBC count (PB-WBC) was 37,900/ 
mm? with 90% leukemia cells, and >92% of bone marrow nucleated 
cells (BM-NC) were leukemia cells morphologically at diagnosis. 
Case no. 2 was a 23-year-old man without thymoma. PB-WBC was 
22,000/mm? with 90% leukemia cells, and BM-NC contained 96% 
leukemia cells. Case no. 3 was a 9-year-old boy with thymoma. 
PB-WBC was 26,000/mm’* with 80% leukemia cells and BM-NC 
contained 94% leukemia cells. Case no. 4 was a 19-year-old man 
without thymoma and with splenomegaly and hepatomegaly. PB- 
WBC was 300,000/mm’* with 94% leukemia cells. BM-NC con- 
tained 97% leukemia cells. One patient with CD2 and CD7 positive 
T-ALL was also analyzed. All leukemia samples were obtained from 
bone marrow at diagnosis. The mononuclear cells were separated by 
Ficoll-Hypaque gradient method, and stored at — 180°C in liquid 
nitrogen. After thawing, all of the samples had >90% viability and 
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precursor thymocytes. Pre-T-ALL cells from the fourth 
patients showed the expression of CD3 antigen, and both 
TCR 8 and TCR y rearrangement. TPA induced the differ- 
entiation of the more mature pre—T-ALL cells of this case in 
vitro, and not only CD25 (Tac) antigen but also CD4 and 
CD8& antigens appeared on the cell surface. The low affinity 
binding of '*1-IL-2 to TPA-stimulated leukemia cells was 
observed in the three cases of pre-T-ALL tested, and the 
addition of recombinant IL-2 to TPA-stimuiated cells 
showed no effect on cell proliferation. 
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>95% leukemia cells. The Giemsa staining of these leukemia ceils 
showed the morphological characteristics of ALL. and both peroxi- 
dase staining and esterase staining were negative in all cases, 

Monoclonal antibody. Monoclonal antibodies (MoAbs) used 
for the analysis of cell surface antigens were NA1/34 (CD1), 9.6 
and Leu 5b (CD2), UCHT-1 and T3 (CD3), T4 (CD4), UCHT-2 
(CDS), 12.1 (CD6), 4A (CD7)}, Leu 2a (CD8), and TIA (CD25). 
CD number is the specificity of antigens according to the nomencla- 
ture of the International Workshop on Human Leukocyte Differen- 
tiation Antigens,” and all of these MoAbs were obtained from the 
second and the third workshops. MoAb 35.1 (CD2) for T cell 
purging was kindly provided by Dr J.A. Hansen, Fred Hutchinson 
Cancer Research Center, Seattle, and MoAb 4A (CD) were 
produced and analyzed by Y. Morishima.* 

Immunofluorescent test. The indirect immunofluorescent test 
(IF) was performed with saturating condition of MoAbs. Five x 10° 
cells were incubated with 50 wh of MoAbs at 4°C for 30 minutes. 
Excess antibody was removed by washing twice in phosphate- 
buffered saline (PBS) supplemented with 0.4% bovine serum albu- 
min and 0.02% sodium azide. Then 50 wl of FITC-conjugated 
F(ab’), fragment of goat anti-mouse [IgGM (1:40 dilution) (Tago, 
Burlingame, CA) was added, and the mixture was incubated for 
another 30 minutes at 4°C. The cells were further washed three 
times and the percentage of fluorescence positive cells was counted 
using flow cytometry (FACS analyzer, Beckton Dickinson, Moun- 
tain View, CA}. Normal mouse serum was used as negative control 
for background fluorescence. The fluorescence positive cells of the 
samples were counted when the base line of negative control was set 
to be positive in <5% of cells. 

Stimulation of leukemia cells with TPA. tn order to remove the 
small amount of contaminated PB T cells in leukemia samples, | x 
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10’ of precursor thymocyte ALL (pre-T-ALL) cell sample was 
incubated with 1 mL of MoAb 35.1 (100 times dilution of ascitis} for 
30 minutes at 4°C, and baby rabbit complement (Pel-Freez, Rogers, 
AR) was then added at the final concentration of 50% (vol/vol). 
After 60 minutes of incubation at 37°C, the cells were washed twice, 
and used for the incubation with TPA (Paesel GmbH & Co, 
Frankfurt, West Germany). One x 10°/mL of T cell-depleted 
leukemia cells in culture medium (RPMI 1640 with 10% fetal calf 
serum, penicillin and streptomycin) were incubated with 1 x 107’ 
mol/L TPA at 37°C in a humidified 5% CO, incubator. After 2, 6, 
12, 24, and 72 hours, the cells were harvested, and the changes of cell 
surface antigens on these stimulated cells were analyzed by IF test. 

In another experiment, the proliferation of pre-T ALL cells by 
TPA with or without interleukin-2 (IL-2) was tested in triplicate. 
Two x 10°/well of T cell-depleted leukemia cells were incubated 
with or without 1 x 10°’ mol/L TPA using a 96-well flat microplate 
at 37°C in a humidified 5% CO, incubator for 24 hours, and then 
recombinant IL-2, which was kindly provided from Takeda Pharma- 
ceutical Co, Osaka, Japan, was added to the wells at a final 
concentration of 0.1 ug/mL. After two- and five-day incubation, | 
uCi of *H-thymidine (New England Nuclear, Boston) was added to 
the well, and the cells were cultured for another {5 hours. The 
incorporation of *H-thymidine into DNA was measured with liquid 
scintillation counter. 

Radiolabeled IL-2 binding assay. Before determining the level 
of binding, cells were incubated twice for one hour at 37°C in 50 mL 
RPMI 1640 in order to remove endogeneous IL-2. After washing, 
the cells were resuspended in RPMI 1640 supplemented with 25 
mmol/L Hepes (pH 7.3) and 10 mg/mL BSA (RPMI-BSA). Serial 
dilutions of recombinant human '*T-IL-2 (32.6 wCi/ng, New 
Research Products, Boston) were incubated at 37°C for ten minutes 
with 5 x 10° cells in a total volume of 100 uL RPMI-BSA using a 
96-well round bottomed microtiter plate. After incubation, the cells 
were centrifuged through a layer of silicon oil /paraffin oil mixture in 
400 uL polyethylene tubes (9,000 g for 90 seconds) according to the 
method of Robb et al.'* The supernatant from the first wash was 
counted to determine the level of unbound IL-2. After washing once, 
the tops of the tubes containing the cell pellet were cut off and were 
counted to determine the level of bound IL-2. The dissociation 
constant (kd) and the number of IL-2 receptor binding sites were 
calculated from Scatchard plot analyses. 

Gene rearrangement analysis, High—molecular-weight DNA 
was prepared from frozen samples by standard sodium sulfate- 
proteinase K method followed by phenol extraction and ethanol 
precipitation. These DNA samples (15 pg) were digested with 
restriction enzymes BamHI, EcoRI or Hindill (Boehringer Man- 
heim GmbH, West Germany) and were size-separated by 0.7% 
agarose gel electrophoresis and were transferred by Southern’s 
method’’ to nitrocellulose papers (Schleicher & Schuell, Keene, 
NH). These papers were then hybridized with nick-translated 
*P-labeled DNA probes at 42°C for 16 hours. Blots were washed at 
high stringency and were exposed against Kodak AR-S film (Kodak, 
Rochester, New York). 

Three probes used in this study were JH (1.2 Kb Hindi] 
fragment of mouse heavy chain J region), which was kindly provided 
by Dr J. Ravetti, Memorial Sloan Kettering Cancer Research 
Institute, New York; C (0.7 Kb EcoRI fragment of mouse TCR 8 
chain constant region), which was purchased from Oncor Co, 
Gaithersburg, MD; and Ty5 (1.0 Kb EcoRI fragment of human 
TCR y chain constant region), which was generously provided by Dr 
D. R. Littman, University of California. 


RESULTS 


Characterization of T ceil differentiation antigens and 
TCR B, TCR y, and JH gene rearrangement in pre-T-ALL 
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cells. Four cases of pre~T-ALL with cell surface pheno- 
types of CD2 (—) and CD7 (+), and one case of T-ALL 
(case no. 5) were selected for analysis. All of four pre- 
T-ALL ceils expressed another T cell antigen CD5, while 
only one case (case no. 4) expressed CD3 antigen, and no 
other T ce] antigens (CD1, CD2, CD4, CD6, CD8) includ- 
ing Tac amtigen (CD25) were detected on the cell surface of 
these 4 pre-T-ALL cells (Table 1). 

Southern blot analysis of TCR 6, TCR y, and Ig heavy 
chain gene rearrangement demonstrated that no rearrange- 
ments of these three genes occurred in cases no. 1, 2, and 3, 
while TCR 8 and TCR y gene had rearranged in cases no. 4 
and 5 (Table 1). Restriction fragment patterns of TCR y 
gene were shown in Fig 1. BamHI digestion of germ line 
DNA (Fig 1, lane 7) resulted in 17-, 3.3-kb bands containing 
Cyl sequences and 12-, 5-, 4-kb bands containing Jy2 to 
Cy2 sequences, whereas EcoRI digestion of the DNA 
resulted ir 5.0-, 2.2-kb bands containing Cyl and 6.9-, 
1.8-kb bands containing Cy2 regions. Distinct bands of 1.3 
kb in EcoRI digests seem to represent fragments containing 
Cyl or Cy2 sequences according to the restriction map of 
human genomic TCR y chain gene (Dan R. Littman, 
personal communication). Three of four pre~T-ALL (cases 
no. 1, 2, and 3; Fig 1: lanes 2, 5, and 4, respectively) showed 
germ line pattern in both BamHI and EcoRI digests, while 
case no. 4 of pre~T-ALL (lane 3) and case no. 5 of T-ALL 
(lane 6) exaibited the rearrangement of TCR y gene involv- 
ing Cy2 region with the deletion of Cy1 region. 

Induction of Tac antigen (CD25) on pre~T-ALL cells by 
TPA stimulation. Pre-T-ALL cells were cultured with or 
without TPA, and the expression of various T cell antigens on 


Table 1. Cell Surface Phenotype and Gene Rearrangement 
of Pre-T-ALL Calls 
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Cell Surface = Manoctonal I E a T-ALL 
Antigen* Antibody Case 1 Case2 Case3 Cased Case 5 
CD7 4A Bit 57 92 82 73 
CD2 9.6 nt n n ry 79 
CD5 UCHT-2 19 21 78 62 61 
CD3 UCHT- 1 n n n 65 24 
CD4 T4 n n n n 26 
Cds Leu2a n n n n 17 
CD6 12.1 n n n n n 
CD1 NA1/34 n n n n 
CD25 TIA n n n n 
Restriction 
Gene Enzyme 
TCR G BamHI G G G R R 
EcoR] G G G R R 
TCR Y EcoRI! G G G D D 
Hindili G G G D D 
BamHi G G G R R 
JH BamHI G G G G G 
EcoR! G G G G G 





Abbreviation: G, germ line; R, rearrangement: D, deletion. 

*Designation of the international Workshop on Human Leukocyte 
Differentiation Antigens. ° 

tPercent of indirect immunofluorescence (IF) positive celis by FACS 
analyzer. 

tF negative, <10% of positive cells. 
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Fig 1. TCR y gene rearrangement of pre—-T-ALL cells. South- 
ern blot analysis using a probe for TCR constant region was 
performed. (a-f) the size of standard fragment of DNA Hindili (a, 23 
kb; b, 9.4 kb; c, 6.6 kb; d, 4.2 kb; e, 2.3 kb; f, 2.0 kb). Lane 1, 
standard; lane 2, case no. 1 (pre-T-ALL); lane 3, case no. 4 
(pre—T-ALL); lane 4, case no. 3 (pre—T-ALL); lane 5, case no. 2 
(pre-T-ALL); lane 6, case no. 5 (T-ALL); and lane 7, normal 


granulocytes. 


these stimulated cells was analyzed by IF assay using 
fluorocytometry. The results after two-day culture were 
shown in Table 2. All four cases expressed Tac antigen 
(CD25) after TPA stimulation, while incubation without 
TPA for two days could not induce Tac antigen in all cases. 
The time course of the appearance of Tac antigen by TPA 
stimulation was analyzed in cases no. | and 4 (Fig 2). Tac 
antigen began to appear after 12 hours of incubation, and 
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No. of cells 


No. of cells 





Intensity of fluorescence 


Fig2. Changes of the expression of Tac antigen on pre—-T-ALL 
cells by the stimulation of TPA. Pre-T-ALL cells were incubated 
with TPA, and indirect immunofluorescent test was performed 
using MoAb T1A (anti Tac, CD25), and analyzed by cytofluorogra- 
phy. The following lines indicate the incubation time: Before 
incubation, (——); after two hours, (—-—-—); six hours, (------); 12 
hours (------ ); 24 hours, (—O—O-—); 72 hours (-@-@-). 


reached maximum expression after 24 hours in both cases. 
Increase in cell number during the culture was not observed, 
and the viability of the sample was kept at >80%. 

Changes of the other T cell antigens on pre-T-ALL cells 
by TPA stimulation. As shown in Table 2, no CD2 antigen 
(SRBC receptor) appeared, and no CD1 or CD6 antigen was 
induced in all four cases (data not shown). Both CD7 antigen 
and CD5 antigen, which had been already expressed on the 
unstimulated cells, showed a tendency to decrease the per- 


Table 2. Changes of T Cell Surface Antigens on Pre-T-ALL Cells by the Incubation With TPA 








Case 1 Case 2 Case 3 Case 4 
TPAt TPA TPA TPA 

Antigen Antibody Before* (+) (—) Before (—) Betore (+) (—) Before (+) {—) 
CD25 TIA nt 34 n n 26 n n 59 
CD2 9.6 n n n n n n n n n 
CD7 4A 81 15 55 56 45 92 73 46 82 57 56 
CD5 UCHT-2 20 10 14 21 25 78 61 46 62 58 42 
CD3 UCHT-1 n n n 28 n 65 42 40 
cD4 T4 n n n n n n 21 n 
CD8 Leu2a n n n n n n n 54 n 





*Percent of IF positive before incubation. 


+Percent of IF positive after two days of incubation with or without TPA. 


tn, < 10% of positive cells. 
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Bound/Free (pM) 





1 2 3 4 
Bound IL.2 (10% molecules/cell) 


Fig 3. A Scatchard plot for the binding of °% LIL-2 to TPA- 
stimulated (24 hours) pre-T-ALL cells. Five x 10° cells were 
incubated with several dilutions of "1-IL-2. The data were correc- 
ted for nonsaturable binding by measuring the residual binding in 
the presence of 100-fold unlabeled IL-2 in selected tubes to give 
specific binding. Case no. 1, (@-—~@): case no. 2, (O----O}; case no. 


centage and intensity of IF positive cells during the in vitro 
incubation with and without TPA. Interestingly, case no. 4 
leukemia cells expressed CD4 and CD8 antigens by the 
stimulation with TPA for two days. 

'"1-1L-2 binding analysis of TPA-incubated leukemia 
cells. For the further evaluation of the functional state of 
IL-2 receptor, which had been detected immunologically by 
anti-Tac antibody, various concentrations of '*I-IL-2 were 
incubated with leukemia cells that had been treated with | x 
10°’ mol/L TPA for 24 hours. The results of Scatchard plot 
analysis of such binding experiments confirmed that at IL-2 
concentration of >1 nmol/L, saturable binding observed in 
both CD3(+) and CD3(—) pre-T-ALL cells after the 
stimulation with TPA (Fig 3). Low-affinity binding sites of 
CD3(—) pre-T-ALL were calculated to be 1.21 x 10°/cell 
with kd 3.1 nmol/L (case no. 1) and 1.09 x 10°/cell with kd 
12.9 nmol/L (case no. 2), and those of CD3( +) pre-T-ALL 
(case no. 4) were 5.86 x 10*/cell with kd 14.1 nmol/L. 

Proliferative responses of pre-T-ALL cells to TPA and 
IL-2. In order to investigate whether pre-T-ALL cells that 
express [L-2 receptor by TPA stimulation respond to exogen- 
eous IL-2, PB-T cell-depleted leukemia cells were cultured 
with TPA in the presence or absence of recombinant IL-2, 
and the proliferative responses of leukemia cells were mea- 
sured by the uptake of *H-thymidine in case no. | and case 
no. 4 (Table 3). The increase of *H-thymidine uptake was 
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observed in case no. 4 with the stimulation of TPA alone, and 
a maximum uptake was observed at four days of incubation. 
On the other hand, the uptake with the stimulation of TPA 
remained at the same level as that without TPA in case no. 1. 
When exogeneous IL-2 was added to the TPA-stimulated 
leukemia cells, no additional increase of *H-thymidine 
uptake was observed in either case tested. 


DISCUSSION 


ALL with the cell surface antigens of negative SRBC 
receptor ([D2) and positive CD7 T cell antigen has been 
classified as one category of ALL by Haynes using MoAb 
3A1 (CD7),""® Morishima et al using MoAb 4A (CD7),2 
Link et al using MoAb 4H9 (CD7),? and Vodinelich et al 
using MoAb WTI (CD7).'° There is evidence that these 
leukemia cells originate from precursor thymocytes as fol- 
lows: (1) Many of these leukemia cells express not only CD7 
T cell antigen, but also CDS T cell antigen; (2) many of these 
leukemia patients have thymoma at diagnosis; and (3) these 
leukemia cells do not express Leu 7 and Leu 11 antigens, 
which are the marker of natural killer cells (data not shown). 
Furthermcre, Tsuge et al’s finding” that SRBC receptor- 
negative normal thymocytes do express CD7 antigen also 
supports the origin of this leukemia. 

In the present study, three precursor thymocyte (pre-T) 
ALL cases, which expressed no T cell antigens except CD7 
and CD5, showed no TCR £8 gene rearrangement. These data 
are in good agreement with Pittaluga et al,'! and Suzuki et 
al’? reports that CD7 expression precedes TCR 8 gene 
rearrangement in precursor T lymphoblastic neoplasms. As 
indicated by Pittaluga et al, our three pre-T-ALL cases 
with no rearrangement of TCR 8 gene also showed no 
rearrangement of TCR y gene. Therefore, these three pre- 
T-ALL hed most immature characteristics of precursor 
thymocytes in which both TCR £ and y genes are kept in 
germ line configurations. Our preliminary data showed that 
all of three T-ALL cases and only one of four adult T cell 
leukemia cases also showed TCR y gene rearrangement 
(data not shown). Griesser et al also reported that B cell 
lymphoma cells showed TCR y gene rearrangement.’ 
Therefore, TCR gene rearrangement is not always T cell 
specific, amd the role of TCR y gene rearrangement in 
pre~T-ALL cells will be examined until the function of TCR 
+ molecule” is elucidated. 

Leukemia cells in case no. 4 expressed not only CD7 and 
CDS antigens but also CD3 antigen, and both TCR 6 and y 
gene rearrangement was observed. These data indicate that 
case no. 4 had more mature characteristics of thymocytes 


Table 3. Effect of Exogeneous IL-2 on the Proliferation of TPA-Stimulated pre—T-ALL Celis 














T-ALL Culture d eatment? 
Cell Period TPA TPA + IL-2 {L-2 None 
Case 1 4d 2974 + 752 2909 + 385 3960 + 939 2925 + 63 
7d 1506 + 146 2505 + 268 4234 + 875 2310 + 210 
Case 4 4d 9144 + 795 8604 + 1102 905 + 244 489 + 135 
7d 1513 + 35 2118 + 425 1015 + 271 167 + 34 


*2 x 10° cells were incubated with or without TPA for 24 hours, and then recombinant IL-2 was added and incubated for three or six days. 


¢mean count per minute + SD. 
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than the other three pre~T-ALL cases, and the leukemia 
cells are thought to express TCR-CD3 complex on the cell 
surface. 

It is well known that TPA induces the differentiation and 
expression of cell surface antigens in various hematopoietic 
cell lines and in fresh leukemia cells. TPA stimulation of 
thymocytes, peripheral T cells and some T cell lines has been 
reported to induce the expression of IL-2 receptor on their 
cell surface membranes.” It was of interest to know 
whether TPA could induce the IL-2 receptor (Tac antigen) 
on pre-T-ALL cells that are the counterpart of normal 
immature precursor thymocytes. In the present study, all of 
four pre~T-ALL cells began to express Tac antigen after 12 
hours of incubation with TPA. However, leukemia cells of 
three cases without rearrangement of TCR 8 and TCR y 
genes expressed no new T cell antigen by the incubation with 
TPA for up to 72 hours. These findings suggest that the 
intracytoplasmic pathway for Tac antigen induction has 
already existed in immature pre~T-ALL cells expressing no 
TCR-CD3 complex on their cell surface membranes. TPA 
stimulation of the leukemia cells of case no. 4, which showed 
CD3 positive with both TCR 8 and TCR y gene rearrange- 
ments, induced not only IL-2 receptor but also CD4 and CD8 
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antigens. It is unlikely that the contaminated PB-T cells in 
leukemia samples have proliferated by TPA stimulation, and 
CD4 and CD8 antigens have appeared on these normal cells, 
because PB-T cells were depleted from leukemia samples, 
and CD2 cell surface phenotype did not appear at all. 
Therefore, it is suggested that only late stage of precursor 
thymocytes with the expression of TCR-CD3 complex will 
have the capacity to differentiate into more mature stages of 
thymocytes accompanying the expression of CD4 and CD8 
with TPA stimulation. The binding assay of ‘1-IL-2 to those 
pre-T-ALL cells revealed that IL-2 does bind to the IL-2 
receptor on those cells with low affinity. Although the effect 
of IL-2 on early thymocytes is controversial, our data shows 
that exogeneous IL-2 does not influence the proliferation of 
TPA-stimulated pre-T-ALL cells. 
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Localization of Surface vWF on Resting and Stimulated Platelets 


By Jacob H. Rand, Ronald E. Gordon, Ronald R. Uson, and Barry J. Potter 


We used immunoelectron microscopic localization tech- 
niques to investigate whether platelets stimulated by ADP 
or ristocetin in the plasma milieu bind von Willebrand 
factor (vWF) to their surfaces. We found by both peroxi- 
dase- and ferritin-based methods that unstimulated plate- 
lets lack vWF on their surfaces, whereas platelets that are 
stimulated with ADP or ristocetin have vWF associated 
with their surfaces. The specificity of the findings was 


ON WILLEBRAND FACTOR (vWF) is a multimeric 
glycoprotein that supports the achesion of platelets to 
vascular subendothelium under high shear rate conditions.’ 
vWF can bind to two different platelet binding sites, glyco- 
protein Ib (GP-Ib) and the glycoprotein Hb/IHa complex 
(GP lib/tila). Binding to GP-Ib requires the presence of 
ristocetin,’’ and binding to GP-IIb/IIla requires stimulation 
by agonists such as ADP and thrombin.*’ Since a physiologic 
counterpart for ristocetin has not been clearly identified, and 
since it has been demonstrated that, in the normal plasma 
milieu, fibrinogen would block the ability of the GP-Hb/ Ha 
complex to bind vWF present in the external milieu,“ we 
decided to investigate whether vWF binds to platelets stimu- 
lated by ristocetin and by ADP using immunoelectron micro- 
scopic localization techniques. We examined binding of vW F 
morphologically, under conditions that would minimize the 
potentially perturbing influences of platelet washing steps 
and vWF purification and labeling. 


MATERIALS AND METHODS 


Antisera. Monospecific rabbit anti-human vWF was prepared 
as previously described.'’ Horseradish peroxidase-conjugated sheep 
Fab anti-rabbit IgG (HRP-SARG) and ferritin-conjugated SARG 
were obtained from Polysciences (Philadelphia). Controls for speci- 
ficity of antigen localization included absorption of anti-vWF in 
plasma from a patient with severe classica! hemophilia-factor VIH 
deficiency (George King, Overlook, KS}, which contained normal 
levels of vWF and lacked coagulation factor VIH, and absorption in 
plasma from a patient with severe recessive von Willebrand disease 
(vWD) (George King, Overlook, KS), which was deficient in 
coagulation factor VHH and lacked detectable levels of vWF. Rabbit 
anti-human thyroglobulin was obtained from Dakopatts (Dako, 
Santa Barbara, CA). 

Platelets. Normal blood was collected by clean venipuncture 
into a final concentration of 0.11 mol/L sodium citrate. Platelet-rich 
plasma (PRP) was separated after centrifugation at 250 g for ten 
minutes at room temperature. Platelet counts were maintained at 
~300,000/nL by dilution with PRP. Aliquots of PRP with volumes 
of 0.9 mL were then incubated at 37°C for | 5 minutes with constant 
rotation following the addition of 0.1 mL of the following materials: 
ristocetin (Lenau, Denmark), at a final concentration of 1.5 mg/mL, 
ADP (Sigma, New York) at a final concentration of 20 umol/ L, and 
iso-osmolar phosphate buffered saline (PBS) pH 7.2. Under these 
conditions both ristocetin and ADP-stimulated platelets formed fine 
aggregates. Following the incubation periods, the PRPs were fixed 
by addition of an equal volume of 4% paraformaldehyde in PBS for 
30 minutes. The platelets were then centrifuged for five minutes in 
an Eppendorf microfuge (Brinkman Instruments, Westbury, NY) 
and prepared for immunoelectron microscopy. 

Immuno-localization. Following fixation, the platelets were 
resuspended and washed for 12 hours in PBS-10% sucrose. The 
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confirmed by absorption studies using severe von Wile- 
brand disease (vWD) and hemophilic plasmas. The anti- 
vWF antibodies were blocked by incubation with hemo- 
philic plasma but not by incubation with severe vWD 
plasma. Thus, in the plasma environment, in the presence 
of fibrinogen, vWF becomes associated with the platelet 
surface subsequent to stimulation with ADP or ristocetin. 
©1987 by Grune & Stratton, Inc. 


washed platelets were then resuspended in a 1:40 dilution of rabbit 
anti-v WF, as previously described, in which they were incubated for 
one hour at 37°C. Again, the platelets were centrifuged and washed 
three times in PBS-10% sucrose. The platelets were then resus 
pended in 1:40 dilution of SARG (1.25 ug/mL} coupled to either 
HRP or ferritin (Polysciences, Phila., PA) and then incubated for 
one hour at 37°C. After three ten-minute washes in PBS-10% 
sucrose, as described above, the platelets were treated with 3% 
gluteraldehyde in PBS-10% sucrose in order to fix the antibodies in 
place. The platelets were then resuspended and washed three times 
in PBS. In the case of the ristocetin and ADP stimulated platelets, 
fine aggregates were observed during the washing steps. The plate- 
lets that had been treated with HRP-SARG were then incubated for 
seven to ten minutes in a 0.5% solution of 3.3-diaminobenzidine 
tetrahydrochloride (DAB) at a final concentration of 0.01% HO. 
Both the HRP-SARG and ferritin treated tissues were then treated 
with 1% unbuffered osmium tetroxide, were dehydrated with ethanol 
followed by propylene oxide, and were then embedded in Epon #12. 

Controls. Several controls were used to check for the specificity 
of antigen localization. In order to ensure that we were not localizing 
nonantigenically bound antibody, platelets were also treated with 
nonimmune rabbit serum before they were treated with HRP- 
SARG and DAB. As noted above, in order to check for antibody 
specificity, the rabbit anti-vWF was absorbed in plasma fram a 
patient with classical hemophilia-factor VII] deficiency and an a 
severe vWD plasma. Additional controls included treatment of 
platelets with SARG followed by DAB without any preceeding 
rabbit antiserum, and treatment of platelets with DAB alone. In 
order to check whether localization might be due to nonspecific 
trapping of protein from plasma during the course of processing, 
platelets activated by ADP and ristocetin were also incubated with 
rabbit anti-human thyroglobulin followed by staining with both the 
ferritin and the peroxidase methods. 

One-um thick sections were cut from all blocks and examined by 
light microscopy. The presence and distribution of dense precipitates 
were evaluated under double-blind conditions. Areas from each 
block were sectioned for transmission electron microscopy. The 
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Table 1. Immunoelectron Microscope Localization of vWF 








on Platelet Membranes 
Unstimulated 
Platelets ADP Ristocetin 

Rabbit anti-vWF o- + + 
Rabbit anti-vWF absorbed -= — - 

in hemophilic plasma 
Rabbit anti-vWF absorbed -= + + 

in vWD plasma 
Nonimmune rabbit serum - - - 
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sections were examined without additional staining with heavy metal 
salts. 


RESULTS 


Platelets treated with anti-vWF probed by ferritin-conju- 
gated antibodies were more revealing than those probed with 
peroxidase conjugated antibodies. In each instance, platelets 
treated with ristocetin and ADP demonstrated significant 
binding of vWF between adjacent platelets (Table 1, Figs | 
and 2). Interestingly, there was a paucity of labeling at sites 
away from platelet adjoinment. 


Fig 1. Electron micrographs of 
platelets treated with ristocetin, fixed 
in paraformaldehyde and sequentially 
treated with rabbit anti-human vWF, 
sheep anti-rabbit IgG coupled with (A) 
horseradish peroxidase and (B) ferri- 
tin, and then fixed with gluteralde- 
hyde. The peroxidase-treated tissue 
was then incubated with 3,3-diamino- 
benzidine with H,O, before embed- 
ment in Epon 812. Thin sections 
observed without prior staining with 
heavy metal salts exhibited significant 
vWF binding (arrows) to plasma mem- 
branes of adjoining platelets. Peroxi- 
dase labeled granules (P) are present 
within platelets. (A, Magnification 
x 56,000; B, magnification x 72,600.) 


VWF ON RESTING AND STIMULATED PLATELETS 
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Fig 2. Electron micrographs of 
platelets treated with ADP and pro- 
cessed as described in Fig 1. The plate- 
lets exhibit sites of vWF binding (ar- 
rows) on the surfaces of adjacent plate- 4 
lets treated with antibody coupled to 
(A) horseradish peroxidase and (B) ferri- B 
tin. (Magnification x 52,800.) 


PBS-treated platelets incubated with anti-vWF exhibited 
little or no surface labeling (Fig 3). Activated platelets 
incubated with anti-vWF absorbed in hemophilic plasma 
followed by the second conjugated antibodies showed no 
surface labeling (Fig 4). Activated platelets treated with 
anti-thyroglobulin antibodies also showed no surface label- 
ing. Platelets treated with SARG followed by DAB and by 
DAB alone, showed no surface labeling. Platelets incubated 
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with an anti-vWF absorbed in vWD plasma showed a pattern 
of labeling equivalent to our monospecific antiserum alone. 
These controls indicated that the precipitation patterns 
observed represent specificity bound vWF and not trapped 
vWF, another antigen, or nonspecific immunoglobulins. 
Since the platelets were not stained with heavy metal salts, 
ultrastructural elements such as platelet granules were not 
well defined. Sections treated by the peroxidase method with 
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DAB showed peroxidase labeling granules (Figs 1A and 3A). 
Because of endogenous peroxidase activity, antibody-linked 
peroxidase could not be distinguished from endogenous 
activity in the granules. 


DISCUSSION 


There have been several studies of vWF binding to plate- 
lets. These demonstrated ristocetin-dependent binding of 
vWF to binding sites on platelets by using I'**-vWF derived 
from lyophilized factor VIII concentrate or cryoprecipitate 
and washed platelets that had been collected in EDTA.** 
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Fig 3. When PRP is incubated with 
PBS in place of ristocetin or ADP, fixed 
with paraformaldehyde and then pro- 
cessed as described in Fig 1, there are 
few or no sites of vWF localization 
detectable on the platelet surfaces as 
seen with (A) horseradish peroxidase 
and (B) ferritin coupled antibodies. (A, 
Magnification x 82,500; B, magnification 
x 59,400.) 


With respect to binding in the absence of ristocetin, Fujimoto 
et al demonstrated that thrombin as well as ADP and 
lonophore A.23187 induces a receptor for I'*-vWF in washed 
platelets collected from citrated blood. Ruggeri et al showed 
that the ristocetin induced binding of vWF by platelets is 
mediated by GP-Ib, whereas the thrombin induced binding 
of vWF is mediated by GP-IIb/IIla.’ However, Pietu et al 
demonstrated that GP-IIb/Illa does not bind vWF in the 
presence of normal fibrinogen levels.* Schullek et al, in a 
system using an |'**-tagged monoclonal anti-vWF as a probe, 
showed that thrombin and ADP/epinephrine induced bind- 
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Fig 4. Micrographs of technique 
and immunologic controls all exhibit the 
absence of either (A) peroxidase reac- 
tion product or (B) ferritin as evidenced 
here by the lack of staining on platelets 
treated with ristocetin, fixed, and then 
incubated with antibodies to vWF which 
had been previously absorbed in he- 
mophilic plasma. (A, Magnification 
x 66,000; B, magnification x 28,000.) 


ing of vWF to washed platelets does not occur in the presence 
of plasma.”° 

The evaluation of vWF binding to platelets is frought with 
difficulties. The purified vWF may contain degraded subunit 
forms even under relatively optimal conditions.'’ The ligand 
is heterogeneous, consisting of a range of multimer sizes. ^? 
There is ambiguity about the nature of the platelet binding 
site with GP-Ib binding vWF only in the presence of ristoce- 
tin, and GP-Ifb/IIla, although capable of binding vWF in 
purified systems, appearing to function primarily as a fibrin- 
ogen binding site in plasma. The isolation and washing of 
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platelets may perturb surface binding sites. Finally, vWF 
present within the platelet’s a-granule'* may interfere with 
tracers by binding to surface sites during either isolation and 
washing of platelets, or during platelet stimulation. In con- 
sidering the complexity of the problem, we chose to use 
immunolocalization techniques that would perturb the sys- 
tem as minimally as possible. 

In this study, we found that both ristocetin and ADP 
promote clusters of precipitate representing vWF that are 
most prominent at platelet contact points with other plate- 
lets. Thus, in addition to VWF’s role in promoting platelet 
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adhesion to vascular subendothelium, we observe morpho- 
logic evidence for the presence of vWF at platelet contact 
sites. Our studies do not relate the surface vWF to the 
putative receptors, GP-Ib or GP-Hb/HlIa. 

The specificity of the observed localization patterns is 
supported by the equivalent findings with antiserum that was 
absorbed in vWD plasma. The lack of observable precipitates 
with anti-vWF that had been absorbed in factor VIII defi- 
cient plasma indicates that the precipitates did not reflect 
localization of fibrinogen, coagulation factor VIII, Fc recep- 
tor binding of immunoglobulins or, in the case of HRP- 
SARG, endogenous peroxidase activity. The latter two possi- 
bilities have also been excluded by the negative results of our 
additional controls which included: (1) nonimmune rabbit 
serum, (2) the substitution of a rabbit antibody against 
human thyroglobulin, (3) the omission of a primary rabbit 
anti-serum, and (4) treatment beginning with the peroxidase 
substrate, DAB. 

The localization of vWF between activated platelets may 
relate to its role in supporting the formation of platelet 
thrombi. vWF is an adhesive glycoprotein that supports 
platelet adhesion to exposed vascular subendothelium!' and 
also appears to support platelet thrombus formation." In the 
case of platelet adhesion, vWF is present on the subendothe- 
lial surface where it promotes adhesion.'*'’ However, in 
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order for vWF to play a similar role in platelet thrombus 
formation. vWF from plasma, or released from endogenous 
stores must attach to platelet surface binding sites. Evidence 
for such b nding is presented in this study. 

The source(s) of the vWF that associates with the platelet 
surface fo.lowing stimulation by ADP in the plasma environ- 
ment is not yet known. As noted above, it is clear that washed 
platelets simulated by ADP can bind exogenous vWF when 
fibrinogen is absent. In the case of unwashed platelets 
stimulatec in plasma, the surface bound vWF might be 
released or externalized a-granules, might yet be bound from 
plasma, or might come from both sources. 

In conc usion, our immunolocalization studies have dem- 
onstrated that following activation, vWF shows distinct 
localization patterns on the platelet surface. This association 
occurs even in the plasma milieu, in the presence of normal 
fibrinogen levels. This surface vWF may explain the observa- 
tion that vWF promotes the presence of platelet aggregates 
on vascular subendothelium.'> 
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Specific Adsorption of HTLV-I to Various Target Human and Animal Cells 


By Karen Krichbaum-Stenger, Bernard J. Poiesz, Paul Keller, Garth Ehriich, Jerrie Gavaichin, 
Bruce H. Davis, and Janet L. Moore 


in this report, we describe a flow cytometric analysis of 
HTLV-I specific binding to fresh and cultured celis on a 
single cell basis. This assay uses rhodamine hydrocarbon 
tagged, purified HTLV-I virions according to the procedure 
originally described for avian retroviruses. Successful 
HTLV-I transmission was detected by analysis of inte- 
grated HTLV-I DNA, virion-associated reverse tran- 
scriptase, and/or intracellular HTLV-I core antigen p19 
expression. Only a specific virus—cell interaction was 
detected because nonrhodamine-tagged homologous virus 
or related HTLV-II interfered with tagged HTLV-I binding. 
in contrast, an unrelated, nonlabeled animal retrovirus was 
unable to block tagged HTLV binding. Of the cell lines 
tested, 2 nonlymphoid mammalian and 3 human lymphoid 


HE HUMAN T CELL lymphoma /leukemia virus I and 
Il are associated with adult T cell leukemia (ATL)’” 
and T cell hairy cell leukemia, respectively.° Functionally, 
both viruses transform T lympocytes in vitro. In vitro infec- 
tion of a wide range of human and animal cells by both 
viruses has been reported. Using cocultivation techniques, 
normal, T,, Tę, and non-B/non-T lymphocytes can be 
infected.” Lymphocytes from several other species can also 
be infected.’' Human-derived cell lines, including B lympho- 
cytes, osteogenic sarcoma cells, fibrosarcoma cells, diploid 
fibroblasts, and endothelial cells can also be infected.'*’° 

The only nonhuman, nonlymphoid cell line capable of 
HTLV-I transmission is feline kidney fibroblasts.'° The in 
vitro host range of HTLV-II differs slightly from HTLV-I. 
Although equally transmissible to human T lymphocytes, 
HTLV-I more efficiently infects B lymphocytes and is not 
transmitted to human fibrosarcoma, human osteosarcoma, 
or feline kidney fibroblasts." 

Despite their varied in vitro tropism, however, HTLV-I 
and HTLV-II have been associated only with human malig- 
nancies exhibiting the T, T lymphocyte cell surface pheno- 
type.” This in vivo cellular tropism of HTLV-I may be 
regulated at several points in the virus life cycle: (a) viral 
adsorption and penetration, governed by specific viral target 
membrane receptors; (b) viral genomic integration into 
target cell DNA; and (c) RNA transcription of proviral 
DNA, requiring noncoding, viral-specific, regulatory 
sequences called long terminal repeats (LTRs). 

Several lines of evidence support the concept that the cell 
surface receptors may be a key in the determination of 
HTLV-I and HTLV-II cell tropism in vivo. First, although 
the major envelope glycoproteins of HTLV-I and HTLV-II 
are distinct, they are more homologous than the LTR 
transcriptional regulatory sequences of HTLV-I and HTLV- 
11.'"'8 In addition, by vesicular stomatitis virus (VSV) pseu- 
dotype interference studies, these two related human retrovi- 
ruses appeared to share the same cell membrane receptors."” 
Another argument involves the lack of site-specific integra- 
tion of HTLV-I into cellular chromosomal DNA.” Exami- 
nation of HTLV-I proviral DNA integration sites in fresh 
and cultured cells has indicated that the virus does not 
integrate in any preferential site or chromosome.'?” Thus, 
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bound significantly high to moderate levels of HTLV-I- 
tagged virions. The other three human lymphocyte cell 
lines were insensitive to HTLV-I adsorption. A direct corre- 
lation was observed between HTLV-I binding sites and 
infectivity of human lymphoid cells alone and not other 
nonlymphoid animal cells. Fresh normal human mononu- 
clear cells bound low levels of HTLV-I virions. As expected, 
T lymphocytes demonstrated more binding than did the 
non-T cell population. Enhancement of HTLV-I cell binding 
in a subpopulation of mononuclear target cells was 
achieved with phytohemagglutinin (PHA) activation and 
interleukin 2 (IL2) stimulation, which correlates well with 
previously published infectivity studies. 
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this virus does not appear to directly regulate RNA tran- 
scription of an adjacent cellular gene by cis activation. Last, 
recent data suggest that the molecular mechanisms of 
HTLV-I transformation involves trans activation of HTLV-I 
expression itself and possibly a yet unknown, oncogenic gene 
at a distant chromosomal location by the HTLV-II px 
protein, LOR.” These observations suggest that HTLV- 
induced cell transformation is primarily dependent on the 
susceptibility to virus attack at the specific cell membrane 
receptor level. Accordingly, the present studies focus on the 
development of an assay for relative quantitation of HTLYV-I 
and HTLV-II cell membrane binding sites by flow cytomet- 
ric analysis of rhodamine hydrocarbon-labeled HTLV bound 
to fresh and cultured cells on a cell-cell basis, as previously 
described for avian retroviruses.” 


MATERIALS AND METHODS 


Cells. The following cell lines were maintained in culture: HUT 
102-B2, an HTLV-I-producing, mature neoplastic T lymphocyte 
from a lymph node of an ATL patient’; MT-2, umbilical cord blood 
mature T lymphocyte exogenously infected with HTLV-I”; Mo-T, 
HTLV-Il-~producing, human T lymphocyte from F. Ruscetti, 
National Institutes of Health (NIH), and the virus negative lines; 
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Molt-4, an immature T lymphocyte derived from a patient with 
acute lymphocytic leukemia; HUT 78, mature T lymphocytes 
derived from a patient with cutaneous T cell lymphoma”; FR-45, 
continuous human B lymphocytes from a normal donor from F. 
Ruscetti, NIH; NK-41, continuous human natural killer cells from a 
normal donor established by F. Ruscetti, NIH; VERO, an African 
green monkey kidney cells; and SC-1, a wild mouse fibroblasts from 
C. Kozak, NIH. Normal adult peripheral blood mononuclear cells 
were obtained by centrifugation of heparinized blood on a Ficoll- 
Hypaque density gradient. Activated T cells were generated by 
culturing the above cells in RPMI 1640 media, 10% fetal calf serum 
(FCS), 5 ug/mL phytchemagglutinin (PHA), and 10% delecti- 
nated, partially purified human interleukin 2 (IL 2) (Cellular 
Products, Buffalo). 

T cell and non-T cell-enriched population were prepared by 
forming E rosettes with treated sheep RBCs (SRBCs) and perform- 
ing sedimentation on lymphocyte separation media (Litton Bione- 
tics, Kensington, MD).”’ 

Purification of retrovirus particles. Virions of HTLV-I, 
HTLV-II, or a B tropic, ecotropic murine leukemia virus (2557) 
from a BALB/c mouse were purified from media conditioned by the 
following cell lines; HUT 102-B2, Mo-T, and SC-1, respectively. To 
prevent possible disruption of intact whole virions or removal of their 
envelope proteins, a gentler purification was performed in compari- 
son to previously described more stringent virus purification tech- 
niques.’ After removal of cultured cells from 2 to 20 L growth media 
(RPMI 1640, 10% FCS, 1% penicillin-streptomycin by sedimenta- 
tion at 870 g for 15 minutes, virions were concentrated by centrifu- 
gation of the supernatant at 30,500 g for 45 minutes and resus- 
pended in 10 mmol/L Tris-HCl, pH 7.4, 0.1 mol/L NACI, 1 
mmol/L EDTA (TNE buffer). Pooled virions were then spun 
through 30% sucrose in TNE buffer onto a 45% sucrose cushion by 
ultracentrifugation on two consecutive discontinuous 30% to 45% 
sucrose density gradients at 89,400 g for 2.5 hours. Virions were 
stored in 200-uL aliquots at — 70°C. 

Reverse transcriptase assay. Virus particles were quantitated 
according to the amount of reverse transcriptase activity present per 
lot of purified virions. Assessment of reverse transcriptase activity 
was carried out as previously described.* Results were expressed in 
values of pmoles of *H-deoxyguanidine monophosphate incorporated 
per hour. 

Labeling of virus with a fluorescent membrane probe. Rhoda- 
mine-16 (R-16) is a fluorescent dye (rhodamine) covalently linked to 
a saturated hydrocarhon 16 carbons long.” The synthesis of similar 
membrane probes is described in ref. 23. The hydrocarbon chain 
causes the fluorescent dye to partition into lipid-rich viral envelopes 
and to remain there preferentially.” The labeling technique that 
maintains infectivity of the virus and target cell viability was 
established previously.” In brief, virions were conjugated with 
rhodamine-16 (HTLV/R-16) by incubating gradient purified virus 
in a final concentration of 0.25 mmol/L R-16 in 5% dimethyl 
sulfoxide. Unbound R-16 and any free R-16 were removed by two 
consecutive discontinuous sucrose velocity gradient centrifugations. 
The virus was concentrated on a glycerol cushion, and the buffer 
above the cushion was analyzed for the presence of any remaining 
free R-16. 

Sample preparation for flow cytometric analysis. The adsorp- 
tion procedure of R-16-labeled virions to various cells was per- 
formed as follows: Various concentrations (1 HTLV-1/R16 concen- 
tration refers to the equivalent number of virions containing 50 
pmoles of reverse transcriptase activity) of R-16~—labeled virions in 
glycerol and TNE buffer were incubated with 7.5 x 10° target cells 
in suspension in 0.2 mL minimal essential medium (MEM), 1% FCS 
and 2 pg/mL polybrene at 4°C, or room temperature. At 4°C, 
adsorption of HTLV-I occurs without subsequent penetration, 
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whereas both viral adsorption and penetration of the target cell are 
possible at 25°C.” After the virus—cell interaction, cells were spun at 
400 g for 5 minutes at 4°C, supernatant was removed, and cells'were 
resuspended in 0.4 mL fresh medium (MEM, 1% FCS, and 
polybrene). Samples were filtered through 44-um nylon mesh to 
remove clumps and were kept on ice during flow cytometric analysis 
to maintain cell viability and to prevent significant viral penetra- 
tion.” 

Multiparameter flow cytometric analysis. Flow cytometric 
(FCM) measurements were performed on the Coulter EPICS V 
(Coulter Electronics, Hialeah, FL) equipped with a 4-W argon laser. 
Fem measurements (relative fluorescent intensities) of rhodamine- 
labeled HTLV-I adsorbed cells resulted from excitation by the 
514-nm line of the cytometer’s argon-ion laser, and the fluorescence 
emitted was monitored by detectors at wavelengths >610 nm using 
530-nm short-pass interference and 570-nm long-pass absorbance 
filters.” Data were expressed in histogram form. Each histogram is 
based on 10,000 events fitting the forward angle and 90° light- 
scatter gates to reduce the contribution of dead or clumped cells; the 
rhodamine fluorescence was quantitatec. Each sample was screened 
for background fluorescence representing autofluorescence of cells 
in the absence of rhodamine. The distribution of fluorescence- 
positive cells was expressed on the y axis and the increasing intensity 
of fluorescence was expressed on the x axis on a log scale. The mean 
channel fluerescence data for all samples were converted to relative 
linear fluorescence values using a log to linear conversion method” 
to allow better assessment cf experimenis. 

Competiiive inhibition studies using ATLV. Binding studies for 
the competition analysis were carried out as described above, except 
that prior to the addition of rhodamine-tagged virions, cells were 
incubated for 114 to 2 hours with varying amounts of unlabeled 
HTLV-I, HTLV-I, and/or murine leukemia virus (MLV) (as 
determined by relative reverse transcriptase activities). 

HTLV transmission assay. Cocultivation of HTLV-I-positive 
donor, neoplastic T cells with various human lymphoid target cells 
was carried out as described,® Resultant cell lines were assessed for 
HTLV-I production by assaying for extracellular reverse tran- 
scriptase and intracellular HTLV-I p19 core protein. The presence 
of integrated HTLV-I proviral DNA in the transformed cells was 
determined by dot blot or Southern blot hybridization using an 
HTLV-I cloned DNA probe. 

HTLV pl9 detection. Indirect immunofluorescent assays for 
HTLV-I pi9 using an anti -HTLV-I p19 monoclonal antibody were 
performed by a previously described technique.® 

Nucleic acid hybridization. High-mol-wt DNA was extracted 
from the target, donor, anc cocultivated cells and transferred-onto 
nitrocellulose filters as previously described.* Dot blot or Southern 
blot hybridization analysis was performed with these nitrocellulose 
filters and a radiolabeled HTLV-I gag-pol DNA sequence, pATK 
32 (a gift of Dr M. Yoshida). 


RESULTS 


Binding site saturation. Figure | shows an HTLV- 
I/R-16 MT-2 cell binding saturation curve, established with 
increasing concentrations of gently purified HTLV-I labeled 
with R-16 and a constant number of target cells and time of 
adsorption. The observed relative mean fluorescence 
increased in a linear manner at the lower concentrations of 
HTLV-1I/R-16. The plateau of virus adsorption was reached 
at an HTLV-I/R-16 inoculum containing 25 pmoles of 
reverse transcriptase, indicating significant saturation of 
binding sites. For this reason, the concentration of HTLV- 
1/R-16 chosen to bind 7.5 x 10° target cells in a standard 
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Fig1. A saturation curve of HTLV-I binding to MT-2 cells using 
R-16~labeled HTLV-I and flow cytometry; 7.5 x 10° MT-2 cells 
were adsorbed for 30 minutes with increasing concentrations of 
HTLV-I/R-16 and analyzed in an EPICS V flow cytometer as 
described in the Materials and Methods section. The x axis scale 
represents the number of pmoles of reverse transcriptase activity 
in each virus adsorption sample. 


assay was 50 pmoles of reverse transcriptase containing 
HTLV-1I/R-16. 

HTLV-I cell membrane binding assay. In all experi- 
ments, viable and nonviable cells were simultaneously ana- 
lyzed by using forward-angle and 90° light-scatter parame- 
ters, but only the R-2 signals from 10,000 viable cells were 
measured. Figure 2 illustrates characterisic binding curves of 
free R-16 and R-16—labeled HTLV-I binding, respectively, 
to the prototype HTLV-I—producing cell line HUT 102-B2. 
For each cell population examined, the mean fluorescence 
bound per cell was recorded and the autofluorescence (fluo- 
rescence of cells in the absence of rhodinated virus) was 
checked. The HUT 102-B2—bound HTLV-I/R-16 histo- 
gram (Fig 2D) demonstrates significant adsorption of 
R-16—labeled virions to HUT 102-B2 cells with the maxi- 
mum number of cells being represented by a mean fluores- 
cence of 30, whereas the background autofluorescence of the 
same cells were minuscule (Fig 2A). The amount of fluores- 
cence diminishes twofold (mean fluorescence 15) when tar- 
get cells are incubated with unlabeled HTLV-I prior to the 
addition of rhodamine-tagged virions (Fig 2C). To rule out 
binding of residual free R-16 to HUT 102-B2 cells, HTLV- 
I/R-16 virus preparations were centrifuged to remove the 
labeled virions, and the supernatant (free of virions) was then 
reacted with HUT 102-B2 cells (Fig 2B). Results indicate 
that the HTLV-I/R-16 preparations are minimally contami- 
nated with unbound R-16 or free rhodamine (Fig 2B). 

MT-2 target cells infected with HTLV-I were chosen for 
reproducibility studies. Multiple tests on the same sample of 
HTLV-I/R-16 adsorbed MT-2 cells (instrument variability) 
and between replicate samples of HTLV-I/R16—bound 
MT-2 cells (assay variability) at near saturation showed a 
high degree of reproducibility. The SEM was 1.35% for 
instrument variability and 2.65% for assay variability (data 
not shown). 

Homologous HTLV competitive binding. Figure 3 
shows the histograms of relative HTLV-I/R-16 adsorption 
to several target cells and the effects of homologous virus 
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Fig 2. The distribution of HTLV-I binding sites on HTLV- 
!-susceptible HUT 102-B2 cells. The frequency of cells in each 
fluorescence category is plotted on the y axis against the cytom- 
eter detected intensity of fluorescence on the x axis (scale O to 
1,000}. (A) Control, unadsorbed HUT 102-B2 ceils.’ {B} HUT 
102-82 cells incubated with virion-free supernatants from an 
equivalent amount of HTLV-1/R-16 virus preparation as in D after 
removal of the labeled virions by centrifugation.” {C} Adsorption 
of an equivalent amount of HTLV-i/R-16 as in D to HUT 102-B2 
binding sites after competition with unlabeled HTLV- (D) 
HTLV-1/R-16 bound to HUT 102-82 culture cells.” in Figs 2-6, 
numbers in parentheses indicate relative mean fluorescence. 


competition. HTLV-I/R-16 adsorption specificity was 
clearly indicated in 57% and 52% of viable HUT 102-B2 and 
VERO cells, respectively (shaded areas). In contrast, only 
28% of the normal adult peripheral blood mononuclear cells 
(PBMs) with PHA activation and IL 2 scored positive for 
HTLV-I/R-16 binding sites. These percentages are minimal 
numbers representing the number of HTLV-1/R-16—bound 
cells with a fluorescent intensity greater than the fluorescent 
intensity of tagged virion-bound cells that competed with 
homologous virus. The VERO cells expressed the highest 
number of specific fluorescent binding sites, more than 
twofold and fourfold higher than HUT 102-B2 and normal 
nonactivated adult PBMs, respectively (Fig 3B). Likewise, 
HUT 102-B2 cells showed an almost twofold greater rho- 
damine fluorescence over the PBMs tested (Fig 3A). The 
level of fluorescent intensity correlates with the surface area 
of these cells (data not shown). Homologous HTLV-I bind- 
ing competition, with equal inoculums of unlabeled and 
labeled HTLV-I, reduced membrane bound fluorescence 
twofold in both the VERO and HUT 102-B2 cells. A 
concentration of unlabeled HTLV-I tenfold greater than 


HTLV-I/R-16 almost completely inhibited binding to HUT 





102-B2 cells (data not shown). The activated adult PB 
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Fig 3. (A) HTLV-I adsorption to various target cells. The 


African green monkey kidney cell line, VERO, demonstrates the 
highest degree of rhodamine fluorescence, followed by HUT 102- 
B2 celis, and finally normal adult activated PBMs. The solid-line 
histogram represents cellular fluorescence resulting from the 
homologous competition between HTLV-1/R-16 and unlabeled 
HTLV-I virions in HUT 102 (21) VERO (41), and mononuclear cells 
(13), whereas the broken-line histogram represents the distribu- 
tion of cellular binding sites of HTLV-1/R-16 alone without compe- 
tition in HUT 102 (41), VERO (81), and mononuclear cells (20). 
Numbers in parentheses represent relative mean fluores- 
cence. (B) HTLV-! adsorption to T-enriched (solid line) and non- 
T-enriched (broken line) PHA-activated normal PBMs. 


cells were more resistant to competition with unlabeled 
homologous HTLV-I (Fig 3C). 

Kinetics of HTLV-I specific binding at 4°C and 
25°C. To establish the rate of specific binding of HTLV- 
I/R-16 to susceptible MT-2 cells and fairly resistant adult 
fresh PBMs, the parameters of temperature and time were 
varied (Fig 4). At 4°C, the assay measures viral adsorption 
alone, whereas at 25°C the virus can bind and penetrate the 
cells, possibly allowing for multiple sequential binding of a 
single cellular binding site." Fluorescent signals were 
recorded at minute intervals from the initial interaction of 
HTLV-1I/R-16 and target cells. The rate of binding of 
HTLV-I/R-16 to MT-2 cells at 25°C proved very rapid and 
linear. No plateau was observed for 120 minutes. At 4°C, the 
rate of binding of HTLV/1I/R-16 to MT-2 cells was much 
slower; within 15 minutes, 50% of the maximum cell-bound 
fluorescence was attained (Fig 4). The rate of binding 
subsequently plateaued at 60 minutes, followed by only 
minimal additional binding. These results are in accord with 
well established kinetics of specific virus—cell membrane 
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Fig4. Effect of temperature on the binding rate of rhodamine- 
labeled HTLV-I virions to MT-2 culture cells and nonactivated aduit 
PBMs. A constant amount of rhodamine-tagged HTLV-I virions 
were added to 7.5 x 10° target cells and incubated at either 4°C or 
25°C for the time indicated on the x axis: MT-2 cells adsorbed with 
HTLV-I/R-* 6 at 25°C {—}; MT-2 cells adsorbed with HTLV-1/R-16 
at 4°C (O-O) PBMs adsorbed with HTLV-I/R-16 at 25°C (—); 
PBMs adso-bed with HTLV-I/R-16 at 4°C (O —O). 


receptor interactions at 4°C.” In comparison, the maximum 
binding of HTLV-I/R-16 to fresh, nonactivated adult PBMs 
at 4°C and 25°C was much less. The adsorption plateau was 
reached at both temperatures more quickly than in MT-2 
(Fig 4). As expected, the maximum bound PBM fluorescent 
was signif.cantly higher at 25°C than at 4°C. 

Assay sensitivity. The low limit of detectability of 
HTLV-I cell binding sites was determined by mixing a small 
proportior. of known high HTLV-I binding site cells (MT-2) 
with a large proportion of cells with low HTLV-I cell binding 
activity (nonactivated PBMs). A mixture of 90% of PBMs 
and 10% MT-2 cells (Fig 5B) and another of 95% PBMs and 
5% MT-z cells (Fig 5C) showed 26% and 19% viable 
fluorescen: cells above an intensity of 34 (the left edge of the 
MT-2 curve) whereas only 13% of the viable pure population 
of PBMs bound fluorescence above an intensity of 34 (Fig 
SA). After subtraction of fluorescent-bound PBMs, the 
number of HTLV-1/R-16—bound MT-2 cells in these mixed 
populatiors were calculated as 13% and 16%, respectively. 
These results indicate that a subset of the PBMs was 
probably HTLV-I binding site positive and that as little as 
S% and 1)% HTLV-I cell membrane binding site-positive 
cells was accurately detected in these heterologous popula- 
tion of celk. 

Binding competition with an unrelated retrovirus. To 
demonstrate further the specificity of this virus membrane 
binding assay, an ecotropic MLV, which has no significant 
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Fig 5. Sensitivity of the virus~cell binding assay. Histograms 
represent the frequency distribution of: (A) HTLV-1/R-16 bound to 
100% PBM cells (O-—O), HTLV-1/R-16 bound to 100% MT-2 celis 
(O---C}, (B} HTLV-I/R-16 bound to a mixture of 90% PBMs and 
10% MT-2 cells minus the histogram of HLTV-1/R-16 bound to 
100% PBMs in A. (C) HTLV-1/A-16 bound to a mixture of 95% 
PBMs and 5% MT-2 cells minus the histogram of HTLV-1/R-16 
bound to 100% PBMs in A. 


primary nucleotide sequence homology to HTLV-I and a 
restricted mouse or rat cell host range was used in cross- 
interference studies." Figure 6A shows histograms of 
MT-2 cells that revealed a twofold decrease in fluorescent 
intensity with HTLV-I homologous interference whereas 
only slight interference was visualized with MLV adsorption 
prior to HTLV-I challenge (Fig 6B). In contrast, MLV 
membrane binding to susceptible SC-1 cells and significant 
binding inhibition (fourfold) with homologous virus was 
clearly observed (Fig 6C). 

Correlation between HTLV-1/R-16 adsorption and infec- 
tivity of target cells. Table 1 is a summary of HTLV- 
I/R-16 adsorption and attempted infection of human lym- 
phoid target cells by cocultivation with HTLV-I producing 
donor cells. Table 1 is arranged in rank order of the highest to 
the lowest levels of HTLV-I/R-16 cellular adsorption. The 
data correlates directly with the transmission of HTLV-I to 
target cells by cocultivation with an equal number of irra- 
diated, virus-positive T lymphoblasts. The MT-2, HUT 
102-B2, MOLT 4, and normal adult-activated cycling PBMs 
bound HTLV-I/R-16 at mean fluorescence >10. The high 
relative mean fluorescence of HTLV-I/R-16 bound to HUT 
102-B2 cells, is consistent with the high level of constitutive, 
endogenous infectious HTLV-I expression. Consequently, 
the amount of intracellular HTLV-I core antigen p19 
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Fig 6. HTLV-I/R-16 binding competition with an unrelated 
retrovirus, MLV. Solid-line histograms represent frequency distri- 
bution of HTLV-I/R-16—bound MT-2 cells (43) in A and B, or 
MLV/R-16 bound SC-1 cells (31) in C without competition. 
Dashed-line histograms show distribution of fluorescent MT-2 
cells reacted with homologous virus (HTLV-I) (29) in panel A or 
heterologous virus (MLV) (42) in B followed by adsorption of 
HTLV-1/R-16. in C, the dashed line represents frequency distribu- 
tion of fluorescent-positive SC-1 cells exposed to homologous 
MLV prior to MLV/R-16 adsorption (16). Numbers in parentheses 
represent relative mean fluorescence. 


detected by indirect immune fluorescent assay was equally 
elevated. Examination of chromosomal HTLV-I DNA by 
dot blot or Southern blot hybridization revealed intense dark 
dots or bands, indicative of multiple integrated copies of 
HTLV-I. In addition, virion-associated reverse transcriptase 
was detected with a specific template primer poly [rC]. ® 
oligo [dG] in the presence of Mg’*. MOLT 4, an immature T 
lymphoblast cell line, and normal activated adult mononu- 
clear cells can be infected with HTLV-I, as indicated by 
results of similar virus transmission assays." The adsorption 
of HTLV-I/R-16 to HUT 78, FR45, and NK41, is approxi- 
mately sixfold less than that to HUT 102-B2 cells. Homolo- 
gous untagged HTLV-I failed to interfere significantly with 
HTLV-I/R-16 bindings in this former cell group. These data 
suggested relatively fewer binding sites and a lack of affinity 
for HTLV-I binding sites, which correlates well with the lack 
of HTLV-I transmission. 

Two nonlymphoid, nonhuman fibroblast cell lines tested in 
the same experiment with the human lymphoid cell lines 
were African green monkey kidney epithelioid cells (YERO) 
and wild mouse fibroblasts (SC-1). Both these cell types are 
large in comparison to fresh mature lymphoid cells. In 
agreement with this size correlation, SC-1 and VERO cells 
both had large numbers of HTLV-1/R-16 binding sites with 
relative mean fluorescence of 120 and 59, respectively (data 
not shown), which was reduced approximately twofold with 
an equal concentration of competitive homologous unlabeled 
HTLV-I. At present, no evidence of HTLV-I infectivity has 
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Table 1. Relationship Between HTLV-I Virus Adsorption and infection in Human Lymphoid Cells 
HTLV-i infection 
HILV-f Adsorption Reverse 
HTL V-l-Adsorption After inhibition Transcriptase imrmunofiuorescence 
Target Relative Mean With Unlabeled HTLV-I pmolesshr/ 100 À reaction HTLV-I Celis Positive 

Celis Fluorescence {Relative Mean Fluorescence) Mixture DNA For HTLV- p19 (94} 
MT-2 35 15 10,50 + 99 
HUT 102-B2 26 13 2,05 + 98 
MOLT 4 17 10 1.79 + NT 
PMB + * 13 8.0 0.85 vf 93 
HUT 78 8.2 8.0 0,12 — 0 
FR-45 8.0 8.0 0 m 0 
NT ~ 0 


NK-41 7.2 7.1 





NT, not tested. 


* Activated normal aduit peripheral blood mononuclear cells from normal donors. 


been observed, but to prove conclusively a lack of HTLV-I 
transmission cocultivated target cells should be screened in a 
more sensitive assay such as the polymerase chain reaction 
coupled with Southern blot hybridization. The adsorption of 
virus to cell membranes does not always imply that the cell is 
permissive for infection. Susceptibility of cells to infection 
can be controlled at later points in the virus growth cycle 
beyond virus penetration into the cell. 

HTLV-I adsorption to normal human mononuclear tar- 
gets. Four normal donors were screened for HTLV-I/R-16 
binding sites on their Ficoll-Hypaque density-gradient- 
purified mononuclear cells before and after activation of 
their T lymphocytes with PHA and growth in partially 
purified, delectinated IL 2 (Table 2). All nonactivated 
mononuclear target cells bound HTLV-I/R-16 to form a 
single peak of fluorescent cells. In contrast, the activated 
target cells were separated in two peaks of fluorescent cells 
based on intensity. The nonactivated PBMs were signifi- 
cantly more resistant to competition with unlabeled homolo- 
gous HTLV-I, suggesting a lack of specificity. In three of 
four donors, one activated peak was significantly higher and 
the other lower than the nonactivated fluorescent cells (Ta- 
ble 2). In donor 4, the HTLV-I/R-16—bound cells with the 
highest intensity of fluorescence after activation were not 


Table 2. HTLV-I/R-16 Adsorption to Nonactivated and 
PHA-Activated Normal PMB Target Celis 





Donor PHA* Fluorescencet HTLV-1/R-16 Cell Bound 





1 — 46 
+ 21,75 
2 = 46 
+ 20,90 
3 ~ 46 
+ 19,91 
4 = 90 
+ 19,92 





*Both PHA-activated and nonactivated target cells were analyzed in 
the same experiment on the same day. in the PHA(—)} samples, 
Ficoll-Hypaque density-gradient-purified mononuclear cells were imme- 
diately used in the above experiment. in the PHA(+-) samples, 5 ug/ml 
PHA was added to target cell cultures for 24 hours. The cells were 
washed and resuspended in fresh media with 20% partially purified, 
delectinated IL 2. At 6 days, the virus adsorption assay was performed. 

{Data represent relative mean fluorescence. 


significantly higher than the single peak of nonactivated 
target cells. These results were in accord with earlier studies 
showing that HTLV-I infection of normal mononuclear cells 
is more efficient in cycling, activated cells.’ Analysis of 
T-enrichec v non-T-enriched populations from these mono- 
nuclear preparations indicates that HTLV-I adsorption is 
greatest in the former population (Fig 3B). 

Competitive binding of HTLV-II. Table 3 shows the 
results of cross-interference experiments between HTLV-I 
and HTLV-II in MT-2 and Mo-T cells initially adsorbed 
with one HTLV/R-16 and subsequently challenged with a 
homologous or heterologous HTLV/R-16. In MT-2 cells, 
HTLV-I/R-16 bound more effectively than HTLV-II/R-16, 
but the cross-interference patterns were very similar. 
HTLV-II dlocked 66% of HTLV-I/R-16 binding, whereas 
HTLV-II inhibited 54% of its own adsorption. In Mo-T cells, 
constitutively producing HTLV-IL, the number of HTLV-] 
binding sites was still higher than for HTLV-II. The homolo- 
gous interference pattern of HTLV-II in Mo-T cells was 
slightly less than the homologous interference in MT-2 cells 
with HTLV-I. 


DISCUSSION 


In this report, a flow cytometric analysis used in previous 
Epstein-Barr virus (EBV) cell receptor studies” is described 
for investigation of HTLV-I specific binding to fresh and 
cultured cells on a single cell basis. This assay used rhoda- 


Table 3. Competitive Binding of HTLV-I with HTLV-I 





Relative 


Target Competitive HTLV*  R-16~Labeled+ Mean Fluorescence 


Cells Uniabeled HTLV Fluorescence Reduction (%) 
MT-2 aa HTLV-! 66 —_ 
MT-2 HTLV-I HTLV- 30 54 
MT-2 HILV-t HTLV-I 22 66 
MO-T oe HTLV-I 47 = 
MO-T = HTLV-H 12.5 ~-= 
MO-T HTLV-H HTLV-H 7.2 43 





*Competitive unlabeled HTLV-I or HTLV-II at the same concentration 
as labeled virus were incubated at 4°C for 2 hours followed by incubation 
with HTLV/R-16. 

HTLV-I or HTLV-II purified virions (50 pmoies of reverse transcriptase 
activity) were labeled with R-15 rhodamine hydrocarbon and incubated at 
4°C for 30 minutes with 7.5 x 10° target cells. 
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mine hydrocarbon-tagged, purified HTLV-I virions, accord- 
ing to the procedure originally published for avian retrovi- 
ruses.”*** Automated detection of HTLV-I binding by flow 
cytometry permitted rapid, sensitive, and reproducible test- 
ing. Accurate quantitation of virus binding to single cells 
could be performed on as few as 10* cells. The rate of 
virus—cell binding was temperature dependent, characteristic 
of all virus—cell receptor interactions. Only a specific virus— 
cell interaction was detected because nonrhodamine-tagged, 
homologous HTLV-I interfered with HTLV-I/R-16 binding 
significantly in susceptible but not resistant target cells. In 
contrast, unrelated, nonlabeled retroviruses were unable to 
block HTLV-I/R-16 binding in HTLV-I-sensitive target 
cells. Moreover, several target cell lines were insensitive to 
HTLV-I/R-16 adsorption. 

The existing knowledge regarding the HTLV-I and 
HTLV-II cell membrane receptors is scarce as opposed to 
that which is known regarding the unrelated HIV. In con- 
trast, the nature of the HIV-I cell receptor has been identi- 
fied as an epitope of the CD4+ cell surface phenotype which 
is characteristically found on normal helper T lympho- 
cytes.*"4 The HTLV-I and HTLV-II receptors, which are 
known to differ from HIV-I, are still a mystery, although 
their distribution has been studied by us and other research- 
ers.” A summary of our studies in lymphoid and nonlym- 
phoid cells follows. First, a direct relationship was shown 
between the expression of HTLV-I receptors on lymphoid 
targets and successful transmission of HTLV-I to the latter 
by cocultivation with irradiated, HTLV-I producing T lym- 
phocytes. The target lymphoid cells are discussed in descend- 
ing rank order of specific HTLV-I binding. As expected, 
HUT 102-B2 and MT-2, HTLV-I constitutively producing T 
lymphoblast cell lines expressed high levels of HTLV-I 
binding sites. This, in part, is a consequence of the relative 
large surface area of these cells. In reality, the number of 
binding sites may be much higher in these cells because some 
of the viral binding sites may be masked by previously bound, 
endogenous budding HTLV-I virions. These observations 
confirmed earlier studies using a fluoresceinated virus~—cell 
binding assay analyzed on a flow cytometer.**** MOLT 4, is 
the only immature T cell line identified with HTLV-I 
binding sites and susceptible to infection. This neoplastic cell 
line was derived from a patient with acute lymphocytic 
leukemia. Four other established human T cell leukemic cell 
lines were studied by Sinangil et al. Two of four carried 
HTLV-I adsorption sites and were capable of HTLV-I 
infection. Weiss et al observed HTLV-I cell surface receptor 
on most T cell lines tested by an indirect VSV (HTLV) 
pseudotype infectivity assay.“ Enhancement of HTLV-I 
binding sites in a subpopulation of the mononuclear targets 
was noted with mitogen activation and IL 2 stimulation of 
fresh adult PBMs as compared with nonactivated control 
PBMs. This pattern was observed in three of four samples 
tested and in complement studies by Merl et al,’ who 
demonstrated that proliferating cycling T cells were more 
sensitive to HTLV-I transmission and subsequent transfor- 
mation than were resting, nonstimulated T cells. Sinangil et 
al observed HTLV-I adsorption sites on fresh adult nonacti- 
vated T lymphocytes from a single donor by direct binding 
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assays. All other lymphoid cells examined (including HUT 
78, a non-HTLV-I-producing lymphoblast cell line from a 
cutaneous T cell lymphoma patient; FR45, a continuous 
normal, EBV-positive B cell line; and NK41, a continuous 
normal NK T cell line) were relatively resistant to HTLV-I 
adsorption. These results suggest that the latter target cells 
either have very low or no HLTV-I binding sites. Our results 
with the HUT 78 T cells confirm an indirect VSV (HTLV-I) 
pseudotype transmission analysis.'° Two other transformed B 
cell lines were examined previously. The two Burkitt’s 
lymphoma B cell lines, Loukes and Raji, were highly to 
moderately positive for expression of HTLV-I binding sites 
without a direct correlation with HTLV-I transmission.” 
Virus transmission may have proved successful if cocultiva- 
tion with HTLV-I-producing T cells instead of cell-free virus 
infection had been used or if virus transmission had been 
examined at a much later time. An alternative explanation 
would be a postpenetration cellular restriction responsible for 
blockade of HTLV-I growth. 

The relatedness of HTLV-I and HTLV-II envelope glyco- 
proteins and their specific binding sites was also studied by us 
and by other researchers.'*'* Sodroski et al compared the 
primary structure of the exterior spike glycoprotein of 
HTLV-I and HTLV-II." The major glycoprotein of 
HTLV-I and HTLV-II showed 65% identity. Within the 
spike glycoprotein, similarity between the regions of hydro- 
philicity and hydrophobicity, glycosylation sites, and the 
location of cysteine residues suggested common secondary 
and tertiary structures." In addition, limited interference 
and cross-neutralization of VSV (HTLV-I) and VSV 
(HTLV-II) pseudotypes were observed,”* indicating that the 
envelopes of HTLV-I and HTLV-II are similar but antigeni- 
cally distinct. Weiss and co-workers studied the relatedness 
of HTLV-I and HTLV-II envelope glycoprotein cell mem- 
brane receptor sites. Both viruses appear to recognize the 
same receptors, as shown by receptor interference of syncy- 
tium induction (cell fusion) and pseudotype infectivity, but 
HTLV-II induced cell syncytia in a more restricted host cell 
range.’ Other differences also existed. Indeed, HTLV-I 
could be grown in a number of nonlymphoid cell types, 
whereas attempts to propagate HTLV-II in the same cells 
were unsuccessful.’ 

The above findings were confirmed here by direct virus- 
cell binding analyses on the flow cytometer. HTLV-II was 
highly competitive with HTLV-I for MT-2~-specific virus 
binding sites. HTLV-II bound fewer specific adsorption sites 
than did HTLV-I. This difference may reflect the difference 
in adsorption time of the nonlabeled and labeled virus and/or 
a lesser affinity of HLTV-II for the same receptor sites. 
Furthermore, there was more HTLV-I and HTLV-II spe- 
cific adsorption of MT-2 cells than of Mo-T cells, neoplastic 
T lymphoblasts constitutively releasing HTLYV-H. These 
observations correlate with the fact that MT-2 cells possess 
more integrated proviral HTLV copies and a faster growth 
rate than does Mo-T. 

In two nonlymphoid, nonhuman cell lines, a direct correla- 
tion between HTLV-I adsorption sites and HTLV-I infection 
could not be established. The cell lines, African green 
monkey kidney cells (VERO) and wild mouse fibroblasts 
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(SC-1) bound high levels of HTLV-I virions, but viral 
transmission was not successful. These data directly indicate 
the presence of HTLV-I receptors. An indirect pseudotype 
infectivity assay and syncytia formation assay with T cells 
producing HTLV-I of 15 different nonlymphoid cells (in- 
cluding VERO) indirectly suggested the same conclusion.” 
These studies suggested that HTLV-I receptors were present 
on all cells capable of VSV (HTLV-I) pseudotype propaga- 
tion or cell fusion. Therefore, in nonhuman, nonlymphoid cell 
cultures, the cellular receptor restriction was not the major 
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determinant of cell tropism of HTLV-I. In conclusion, our 
findings and further extended studies may lead to a clearer 
understanding of host susceptibility to disease, the pathogen- 
esis of HT LV-I-induced ATL, and possible modification of 
host recep-ors for disease prevention. 
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Separation of Human Plasma Factor IX From HTLV-I or HIV by Immunoaffinity 
Chromatography Using Conformation-Specific Antibodies 


By Steven A. Limentani, Barbara C. Furie, Bernard J. Poiesz, Richard Montagna, Keith Wells, and Bruce Furie 


immunoaffinity chromatography using conformation-spe- 
cific antibodies yields pure factor IX from human plasma in 
a single rapid, facile purification step. We evaluated this 
technique to determine whether factor IX can be separated 
from human T cell leukemia virus-| (HTLV-I) and human 
immunodeficiency virus (HIV) in plasma supplemented with 
these viruses. Viral content was determined with an 


EMOPHILIA B is a sex-linked disorder characterized 
by a functional or quantitative deficiency of factor 
IX.'* Bleeding episodes are treated with factor IX concen- 
trates containing intermediate purity factor [X'° These 
agents are associated with complications, including dissemi- 
nated intravascular coagulation, thrombotic disorders, hepa- 
titis B, non A-non B hepatitis, and AIDS." Currently, 
factor IX concentrates are heat treated to eliminate human 
immunodeficiency virus (HIV). Although this method may 
be effective in reducing HIV, definitive data on the role of 
heat treatment in preventing AIDS in hemophiliac patients 
awaits additional epidemiologic data. Furthermore, heat 
treatment results in the loss of 8% to 40% of the factor IX 
coagulant activity.” 

We have described a method for the rapid, one-step 
purification of factor IX from plasma.” Antibodies specific 
for the metal-stabilized conformation of factor [X are used to 
bind factor IX to an insoluble support. Factor IX is disso- 
ciated from the antibodies by the addition of EDTA and the 
conversion of factor IX to its metal-free conformation.” The 
factor IX isolated by this method is homogeneous and has a 
specific activity of 120 to 150 U/mg. Furthermore, the factor 
IX isolated from plasma contaminated with hepatitis B virus 
yields factor IX free of measurable virus.” The purpose of 
the current study was to determine whether immunoaffinity 
chromatography using conformation-specific antibodies sep- 
arates factor IX from HTLV-I or HIV. 
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enzyme-linked immunosorbent (ELISA) assay sensitive to 
50 ng viral protein. Both HTLV-I and HIV coeluted with 
unbound protein. Neither HTLV-I nor HIV was detected in 
purified factor IX. We conclude that, to the limits of 
detection, factor IX purified by this method is free of viral 
contamination. 

© 1987 by Grune & Stratton, Inc. 


MATERIALS AND METHODS 


Preparation of HTLV-I and HIV. HTLY-I was produced from 
the cell line HUT 102 B2,** and HIV was produced from the B cell 
line FCRC-15/AAV." Normal pooled human plasma was obtained 
from donors who were negative for HTLV-I and HIV antibody and 
antigen.’ Purified HTLV-I and HIV were prepared by centrifuga- 
tion (45,000 g) of cell-free conditioned media from the respective 
cell lines.** Pelleted particles were sedimented on alternating discon- 
tinuous glycerol (30% over 100% cushion), continuous sucrose (22% 
to 65%), and discontinuous glycerol (30% over 100% cushion) 
gradients. Positive fractions were identified by assaying reverse 
transcriptase activity using the template primer poly {C} oligo dG in 
the presence of 10 mmol/L MgCl. 

Competitive enzyme-linked immunosorbent assay (ELIS A} for 
HTLV-I and HIV. Polyclonal rabbit antic HTLV-I and anti-HIV 
antibodies were raised in rabbits immunized with ether-disrupted 
purified virions, and the antibodies were measured by ELISA and 
Western blet assays for HTLV-I and HIV antibodies.” Microtiter 
plates were coated with 200 ng viral protein (either HTLV-I or HIV) 
in 100 uL CBC (150 mmol/L Na,CO,; 350 mmol/L NaHCO,,pH 
9.6) and then incubated overnight at 4°C. After incubation, excess 
solution was removed and 100 ul. of 1% bovine serum albumin 
(BSA) in CBC was added to each well: the plate was incubated 
overnight at 4°C. 

Dilutions of rabbit antisera (o for HTLV-I and so for HIV) 
were made in phosphate-bu Tered saline (PBS)-Tween 20. Compet- 
ing proteins and diluted antisera were incubated together for | hour 
at 23°C. The viral protein-coated wells were washed three times with 
0.1% BSA in PBS-Tween 20 and then 100 uL of the antiserum 
mixture described above were added to the appropriate well. After 
incubation for | hour at 23°C, the plates were washed three times 
with PBS-Tween 20 and 100 uL of goat anti-rabbit IgG alkaline 
phosphatase conjugate (1/5,000 dilution in PBS-Tween 20) was 
added. The slates were incubated for 2 hours at 23°C, washed three 
times with PBS-Tween 20, and 100 uL of p-nitrophenyl phosphate 
was added to each well. The plates were developed for 30 minutes, 
and the reaction was stopped with 15 uL of 3 N NaOH. The plates 
were read at 405 nm. 

Preparation of anti-factor 1X:Me({H) antibodies. Antibodies 
were isolated as previously described, except that a subpopulation of 
conformation-specific antibedies were used that bind to factor IX in 
the presence of Mg**. Antibodies that bind to factor IX in the 
presence of Ca** but not Mg’* were removed.” Rabbit anti-factor 
IX:Me(1l) entibodies were coupled to cyanogen bromide-activated 
Sepharose 4B at a concentration of 2.5 mg/mL Sepharose.“ In the 
experiment with HIV, factor IX was isolated on the anti-factor 
IX:Mg(1l) antibody-Sepharose column.” An anti-factor 
[X:Ca(H)—Sepharose column was used in the experiment with 
HTLV-I; this column has been previously described.” 

Isolation of factor IX from virus-supplemented plasma with 
anti-factor IX:>Mefll) Sepharose. Pooled human plasma (100 mL) 
was dialyzed overnight against 0.05 mol/L Tris-HCI, pH 7.4, 0.5 
mol/L NaCl. After dialysis, the plasma was adjusted to 7.5 mmol/L 
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FACTOR IX PURIFICATION 


Fig 1. Purification of hu- 
man factor IX from plasma con- 
taminated with HTLV-I. Elution 
of protein was evaluated by 
absorption at 280 nm (@). Eiu- 
tion of HTLV-I was measured 
using an ELISA directed against 
the viral coat protein (a). Elu- 
tion of human factor IX was 
assayed by a radioimmunoas- 
say: the total factor IX con- 
tained in the pooled fractions is 
shown (hatched columns). 
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with | mol/L MgCh. Then either 500 ug of HTLV-I or 500 ug of 
HIV was added to the plasma. As a control, an equal volume of 
plasma without added viruses was applied to the affinity column to 
assess nonspecific background in both the HTLV-I and the HIV 
assays. The column was developed as previously described except 
that Tween-20 was added to buffers only in the experiment in which 
HTLV-I was added to plasma. The flow-through was collected in 
5.5-mL fractions initially and then 1.5-mL fractions during elution 
of factor [X with 10 mmol/L EDTA. The protein concentration was 
estimated by the absorption at 280 nm and by factor IX radioimmu- 
noassay. Pooled fractions were subjected to high-speed centrifuga- 
tion (49,000 g) for 60 minutes. The pellets were disrupted with ether 
and resuspended in 100 uL of PBS-Tween-20. Ten microliters were 
then assayed for HTLV-I or HIV. 


RESULTS 


Evaluation of viral content of affinity-purified factor 
IX. HTLV-I (500 ug) was added to pooled human plasma 
prior to isolating factor IX on the anti-factor [X:Ca(I}- 
Sepharose column. HTLV-I coeluted with unbound protein. 
No HTLV-I was detected in the material that was eluted 
from the column with either EDTA or guanidine HCI (Fig 
1). By this analysis, a minimum of a 1,000-fold reduction in 
HTLV-I occurred in face of a 10,000-fold increase in the 
specific activity of factor LX. 

In a separate experiment, HIV (500 ug) was added to 
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pooled plasma prior to the application of the plasma to the 
anti-factor [X:Mg(I])-Sepharose column. The HIV co- 
eluted with unbound protein. No viral contamination was 
detected in the material eluted from the column with either 
EDTA or guanidine HCI (Fig 2). As previously, a minimum 
of a 1,000-fold reduction in HIV occurred in face of a 
10,000-fold increase in the specific activity of factor IX. 

The standard curves for the competitive ELISA demon- 
strated a sensitivity to 50 ng viral protein (Fig 3). Pooled 
human plasma without endogenous or added viral contami- 
nants was applied to the anti-factor IX:Mg( H -Sepharose 
column. The unbound and bound fractions obtained from 
this experiment were assayed for HTLV-I and HIV to 
determine accurately the level of nonspecific binding in the 
assay. The OD; values observed were equivalent to the 
OD; values observed in the factor IX prepared from 
experimentally contaminated plasma samples. 


DISCUSSION 


This study examined the behavior of two of the human 
retroviruses, HTLV-I and HIV, when they are present in 
plasma used for purification of factor IX. Our data indicate 
that, to the limits of detection of the immunoassay systems 
used, these viruses do not copurify with factor IX. The virus 
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was evaluated by absorption at 280 nm {@). Elution 
of HIV was measured using an ELISA directed 
against the viral coat proteins (A). Elution of 
human factor IX was evaluated using a radioimmu- 
noassay:; the total factor IX isolated in pooled 
fractions is shown {hatched columns). 
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Fig 3. ELISA systems for quantitation of viral proteins from 
HTLV-I or HIV. HIV (@—@), HTLV-I (0—0). 


and the factor IX that is eluted with EDTA are resolved. Our 
data from these and earlier experiments indicate a general 
method for the separation of factor IX from viruses using an 
immunoaffinity purification involving specific binding and 
specific elution. 

The morbidity associated with infusion of currently avail- 
able factor IX concentrates has been well described. Recent 
epidemiologic data on the development of the acquired 
immunodeficiency syndrome in patients with hemophilia are 
of great concern.”** Thirty percent to 36% of the patients 
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treated with factor IX concentrate showed HIV antibody 
positivity.” Lyophilization of factor IX concentrates 
results in a 10- to 100-fold decrease in virus.°°** Heat 
treatment of factor IX concentrates for 20 hours at 60°C 
renders HIV undetectable.” Assumptions regarding the 
complete sterilization of factor IX concentrates from HIV 
contamination are done by extrapolation of the data derived 
from immunoassays.* A small group of hemophilia A 
patients whose sera were initially negative for anti-HIV 
antibodies have received heat-treated factor VIH concen- 
trate for up to | year without seroconverting.” This suggests 
marked improvement can be anticipated in treatment of 
hemophilia B patients with heat-treated factor IX concen- 
trate. Hea: treatment, however, results in the loss of ~8% to 
40% of the factor IX coagulant activity of the factor IX 
concentrats. 

Our technique provides a rapid, one-step quantitative 
purification of homogeneous factor IX. We showed that, to 
the limits of detection, the factor IX isolated by this method 
is free of retrovirus, even when these viruses are added in 
high titer to plasma. These results indicate that this immu- 
noaffinity method might be integrated into methods of 
manufacture of factor IX used for the treatment of hemo- 
philia B. Whether this method can eliminate the need for 
heat treatment of plasma to eliminate HIV or render the 
factor IX free of hepatitis viruses will require direct infectiv- 
ity assays or systematic study of patients treated with this 
new preparation. 
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Flow Cytometric Analysis of Human Bone Marrow. II. Normal 
B Lymphocyte Development 


By Michael R. Loken, Virendra O. Shah, Karen L. Dattilio, and Curt |. Civin 


A panel of B lymphoid-reactive monoclonal antibodies was 
used to analyze the phenotypic changes that accompany B 
lymphocyte development in normal human bone marrow. 
The B lymphoid cells were identified using light scattering 
and the expression of CD19 on a flow cytometer. Quantita- 
tive three-color immunofluorescence was then used to 
correlate other cell surface antigens on these cells identi- 
fied as B lymphoid in normal marrow. CD10 and CD20 
identified almost exclusive populations and provided a 
convenient means of discriminating between the less and 
more mature B lineage cells. The CD10° cells could be 
further subdivided using CD34. The population of CD19", 
CD10°, CD34" cells comprised only 0.6% of marrow cells, 
but these contained the majority of terminal deoxynucleo- 


HE BONE MARROW is the site of production and 
early maturation of B lymphocytes in humans.’ A 
correlation between maturational stage and cell surface 
antigen expression of B lymphocytes has been made, pri- 
marily on the basis of cell surface phenotypes of acute 
lymphoblastic leukemias (ALL) and lymphomas.** Counter- 
parts of many of the malignant cells have been identified in 
normal bone marrow.'*’ 

Previous studies of B lymphocyte surface antigens have 
identified CD19 (Leu-12, B4) as a marker for all B lympho- 
cytes.*’ CD19 is expressed very early in B cell development 
and is retained until the latest stages of cell activation and 
antibody secretion.’ This marker is expressed on most non-T 
ALL (>95%), but is not found on T cell ALL or on myeloid 
lineage leukemias.” Thus, CD19 defines most cells of the B 
lineage with exceptional lineage specificity.’ 

Another B cell antigen, CD20 (Leu-16, B1), is expressed 
later during B lymphocyte development.'*'' As compared 
with CD19, CD20 is expressed on fewer normal B lympho- 
cytes in the marrow and on a lower percentage of leuke- 
mias.**'°'' CD10 (common ALL antigen, CALLA, J5) has 
been found on most cases of non-T ALL but is expressed on 
only a subset of immature B lymphocytes.*'*!> Mature 
peripheral blood B lymphocytes express both CD19 and 
CD20, but do not express CD10.'°" The progenitor cell- 
associated antigen, CD34 (My10) is also observed on some B 
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tidyl transferase (TdT*) cells. In the assessment of class Il 
antigens, HLA-DR was expressed on ali B lineage cells 
whereas HLA-DP preceded HLA-DQ in appearance during 
the developmental process. Among the later antigens 
expressed on B lineage cells, cell surface IgM, CD20, and 
HLA-DO were expressed at essentially the same time. Cell 
surface CC10 was lost at the time when CD21 and CD22 
were acquired on the cell surface. These data illustrate 
that multiparameter flow cytometry can be used to define 
a continuous progression of stages of B lymphocyte devel- 
opment based on cell surface antigen expression even 
though these cells represent a minor fraction of normal 
marrow ceils. 

@ 1987 by Grune & Stratton, Inc. 


lineage ALL cases, but is not expressed on normal peripheral 
blood B cel.s.'* 

Mature B lymphocytes in peripheral blood express class H 
antigens including HLA-DR, HLA-DP, and HLA-DQ, as 
well as several other B lymphocyte specific antigens: CD21 
(CR,), CD22 (Leu-14), cell surface IgM (slgM), and IgD 
(sigD).'5” 

In this article, we correlate the expression of multiple cell 
surface markers on normal bone marrow B lineage cells. By 
using multiparameter quantitative analysis on a flow cytom- 
eter, we examined all low-buoyant-density cells obtained 
from the bone marrow sample without preenrichment. The 
entire B lymphoid lineage was identifiable using CD19 in 
combination with light-scattering characteristics. Pairs of 
other cell surface antigens were then identified and corre- 
lated on the CD19° cells by using three-color immunofluor- 
escence.”” From these data in combination with cell sorting 
and immunostaining for terminal deoxynucleotidyl trans- 
ferase (TdT), we could define the sequence of appearance 
during B lymphocyte development of these antigens: HLA- 
DR, HLA-DP, HLA-DQ, CD10, CD19, CD20, CD21, 
CD22, CD34, sigM, slgD, and nuclear TdT. 


MATERIALS AND METHODS 


Monoclonal antibodies. Fluorescein-conjugated (FITC) and/or 
phycoerythrin (PE)-conjugated CD3(Leu-4), CDIO(CALLA), 
CDI tb(Leu-15), CD14(Leu-M3), CD16(Leu-11), CD19(Leu-12), 
CD20(Leu-16), CD21(¢CR,), CD22(Leu-14), antic HLA-DR, anti- 
HLA-DP, anti-HLA-DQ, streptavidin allophycocyanin (APC) 
along with purified CD34(HPCA-1!) were obtained from Becton 
Dickinson Monoclonal Center, Mountain View, CA. Anti-glycopho- 
rin (JOF7) was a kind gift from Dr R. Langlois (Lawrence 
Livermore National Laboratory, Livermore, CA) CD19(Leu-12) 
and CD1I0(CALLA) (Becton Dickinson) were coupled with biotin, 
following the protocol of Billingsley.’ Anti-human IgM-FITC, 
anti-human IgD-FITC and F(ab');-goat anti-mouse Ig-FITC were 
obtained from Tago, Burlingame, CA. 

Cell preparation and immunofluorescence. Bone marrow aspi- 
rates were obtained from consenting normal adult volunteers. Col- 
lection of samples was performed after being approved by the 
Institutional Review Board, as approved by the Department of 
Health and Human Services. The low-density leukocytes (1.077 
g/cm’, Ficoll-Hypaque, Pharmacia, Piscataway, NJ) were washed 
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in RPMI 1640 containing 10% fetal bovine serum (FBS) and 
aliquoted for immunofluorescent staining. The cells were suspended 
at a concentration of 10’/mL. In the experiments in which both 
antibodies were directly conjugated to the fluorochrome, the first 
antibody was added to 10° cells using an amount of antibody that 
gave maximal fluorescence. The cells were incubated on ice for 20 
minutes. The cells were then pelleted and washed with buffer (at 
least five times the staining volume) before the second antibody was 
added. After 20 minutes on ice, the cells were again washed with 
buffer. 

For three-color analysis, cells were reacted with FITC-conju- 
gated, PE-conjugated, and biotin-conjugated antibodies for 20 min- 
utes and were then washed. APC-conjugated streptavidin was then 
added, and the cells were incubated for an additional 20 minutes and 
washed and fixed in 1% paraformaldehyde. 

Three-color analysis using CD34 was performed as follows: Celis 
were incubated with CD34 on ice for 20 minutes, washed and 
incubated with F(ab’), goat anti-mouse Ig for 20 minutes, and 
washed. Cells were further incubated with 10% normal mouse serum 
to block any free binding sites of the second step antibody. After 
being washed, the cells were reacted with PE-conjugated and 
biotin-conjugated antibodies, followed by the APC-conjugated 
streptavidin. Unstained cells, IgG1-FITC, IgG2-PE, and cells 
labeled with streptavidin-APC but without biotin conjugate were 
included as controls, 

Flow cytometry. Quantitative fluorescence analysis was per- 
formed using a five-parameter FACS 440 (Becton Dickinson Immu- 
nocytometry Systems). The optical configuration and filter combi- 
nations for three-color immunofluorescence using FITC, PE, and 
APC have been described previously.”* The argon-ion laser was 
operated at 488 nm using 200 mW of power. FITC emissions were 
collected with a 330/30 bandpass (BP) filter, and PE emissions were 
collected with a 585/42 BP filter. The laser beam was focused using 
a 2-inch focal length spherical lens. Three-color immunofluores- 
cence was performed using HeNe laser of 633 nm, 40 mW, together 
with an argon laser as described.” APC emission was collected with 
a 660/20 BP filter. Fluorescence signals were processed using a 
four-decade logarithmic amplifier. Light scattering signals were 
processed by linear amplification. 

A minimum of 30,000 events for each sample was collected in list 
mode on a Consort 30 Data Management System, Becton Dickinson. 
This permitted reanalysis of the data to demontrate the correlation 
between three colors of immunofluorescence for populations of cells 
identified by forward-angle and right-angle light scattering. In the 
assessment of class H and later B lymphoid antigens of the marrow B 
lineage cells, the data were pregated on light scattering and CD19 
fluorescence. The contour lines in Figs | through 7 were drawn at 
levels of 2, 4, 8, 16, 32, 64, and 128. The fluorescence correlations in 
Figs 2 through 7 were gated on the light-scattering window depicted 
in Fig 1A. 

Cell sorting. Viable cells, stained for two colors of immunofluor- 
escence, were sorted based on the gates indicated in the appropriate 
Figs. Replicate cytocentrifuge slides were prepared for each sorted 
fraction of cells. These slides were coded, stained for nuclear TdT 
(rabbit anti-TdT, a kind gift from Dr F. Bollum) using an immuno- 
peroxidase procedure (Supertechs, Bethesda, MD) or Wright's, and 
differential counts were made for each sample.” 


RESULTS 


Bone marrow B lymphocytes have distinctive light- 
scattering properties. Normal human bone marrow cells 
were heterogeneous in their forward- and right-angle light- 
scattering characteristics (Fig 1A). The CD19” B cells were 
confined to a well-defined cluster, which was previously 
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Right Angle Light Scattering 





Forward Angle Light Scattering 


Fig1. The correlation between forward- and right-angle light- 
scattering for (A) all low-buoyant-density bone marrow cells and 
(B) the CD19/Leu-12° B lineage cells. The box in A identifies the 
gate used to reanalyze the list mode data. This gate included 
>95% of all CD19° cells. A minimum of 30,000 events were 
collected for each list mode file. 


classified as “lymphoid” (Fig 1B) with low-to-moderate 
forward-angle and low right-angle light-scattering proper- 
ties.” All subsequent multicolor immunofluorescence analy- 
ses were performed by gating on this light-scattering popula- 
tion, as shown in the box in Fig 1A. More than 95% of the 
CD19* cells in whole ungated marrow were included within 
this gate. 

We used two-color immunofluorescence to confirm that 
CD19 bound only to B lineage cells and not to cells of other 
lineages in normal human bone marrow. Normal marrow 
cells were reacted with CD19 in combination with either 
CD3 (T cells), CD16 (natural killer [NK] and neutrophils), 
CD14 (monocytes), CDilb (NK, monocytes and neutro- 
phils), or anti-glycophorin (erythroid cells).“° Quantitative 
fluorescence analysis on the flow cytometer demonstrated 
that the cells labeled with CD19 were not double labeled 
with the other antibodies (data not shown): thus, CD19 and 
the other antibodies identified mutually exclusive cell popu- 
lations in bone marrow. 

CD20 and CD10 define distinct stages of B lymphocyte 
development. The CD20 antigen is expressed late during B 
lymphocyte development, whereas CD10 has been associated 
with early B lymphocytes.'*'? To define more precisely when, 
during development, B lymphocytes lose CD10 and acquire 
CD20, we performed three-color immunofluorescence exper- 
iments using CD10 and CD20 in correlation with CD19. 

The two-color correlated expression of CD20 and CD19 
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CD20/Leu-16 





Fig 2. Three-color immu- 
nofluorescence analysis of 
bone marrow cells labeled with 
CD19/Leu-12 PE, CD20/Leu- 
16 FITC, and CD10/ CALLA bio- 
tin (APC-streptavidin). Correla- 
tions were made between {A) 
CD19 and CD20, (B) CD19 and 
CD10, and (C) CD10 and CD20. 
All data were gated on the 
light-scattering window in Fig 
1A. Although both the CD20° 
and the CD10° cells were also 
CD19* (A,B), they identified 
almost completely non-over- 
lapping populations (C). The 
quadrants were set using ap- 
propriate negative controls. 
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on marrow cells (Fig 2A) confirmed that CD20 was 
expressed on a subset of the CD19°* cells; all CD20* cells 
were also CD19*. No CD20* cells were outside the lymphoid 
light scattering window. 

CD10 was also found on a portion of the CD19* cells (Fig 
2B). CD10*, CD19” marrow cells were identified but these 
cells fell outside the lymphoid light-scattering window and 
were granulocytes (data not shown). 

The correlation between CD20 and CD10 (Fig 2C) indi- 
cated that these two antibodies identified almost non- 
overlapping B lymphoid subpopulations: Most CD20* cells 
did not express CD10 and vice versa. A small subset of cells, 
however, expressed both markers. The proportions of cells 
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within marrow that expressed CD19, CD20, and CD10 are 
presented in Table 1. CD19 stained ~6.5% of all marrow 
cells, whereas CD20 labeled ~4.4%. A slightly smaller 
proportion of marrow cells, 3.5%, were CD10*. Of the 
CD19" B cells in marrow, ~60% expressed CD20, whereas 
only 40% expressed CD10. Only ~20% of the CD20* cells 
were also CD10*, and a similar proportion of all the CD10* 
ceils in this light-scattering window were double labeled with 
CD20. Together, CD10 and CD20 identify almost all CD19* 
B lineage cells. A few marrow B lineage cells (<5% of 
CD19% cells) lack both CD10 and CD20, a phenotype 
consistent with plasma cells. 

Early marrow B lineage cells co-express CD19, CD10, 
and CD34. CD34 was expressed on a subset of B lineage 
ALL cases. as well as on a small population of immature 
normal marrow cells, including all in vitro assayed hemato- 
poietic progenitor cells, but was not expressed on mature 
normal cells.'* All TdT* cells in normal marrow were 
previously found in the CD34* fraction.*! Because TdT 
expression i a characteristic of early lymphoid cells, we used 
three-color immunofluorescence to investigate whether the B 
cell antigens identified by CD19 and CD10 could be found 
on any CD34" cells. 

In the correlation between CD19 and CD34, a small 
population of dim CD19° cells was also labeled with CD34 
(Fig 3A). Most of the CD19* cells, however, were negative 
for the CD34 marker (Table 2). Less than one-half of the 
CD34* cells were CD19*, 

In a similar correlation between CD10 and CD34, a 
population of cells was double labeled. The cells that were 
most intensely stained with CD10 were the cells that also 
bound CD34 (Fig 3B). In three-color experiments, these few 
CD10°, CD34* cells were the ones that also expressed low 
amounts of CD19 (Fig 3A). These CD34‘, dim CD19*, 
bright CD10° cells constituted <1% of total marrow cells 
(Table 2). 

To characterize this minor cell population further, marrow 
cells were reacted with either (a) CD34 and CD19, or (b) 
CD34 and CD10. The cell subpopulations identified were 
then (FACS) sorted, and cytocentrifuge slides were prepared 
from the sorted fractions (Fig 3A and B shows sorting 
windows). These slides were examined for morphology 
(Wright’s stain) or for nuclear TdT expression***' (Table 3). 


Tabie 1. Proportion of B Lymphoid Populations identified by CD19, 2020, CD10 in Normal Bone Marrow 





Mean Percentage of Positive (SD,n}* 





Cell Surface Total cD19* CD20° cD10* 

Phenotypet Marrow Cells (%}+ Marrow Cells (%)§ Marrow Cells (9) Marrow Cells (%)11 
CD19* 6.5 (4.3; 53) NA** NA NA 
CB20*, CD19* 4.7 (2.9: 29) 59.1 (20.0; 8) NA NA 
CD10*, CD19* 3.1 (3.1; 15) 38.6 (17.9; 15) NA NA 
CD10*, CD20* 0.9 (1.0; 9) 10.3 (8.1: 9) 22.0 (12.3; 9) 20.0 (8.1; 9) 


Sa a EEE a aR i i aa Ce a ck ct oe ee 
*Percentages are reported with (in parentheses) SD and total number of independent sames (n) used in the calculation. 


{Celi surface phenotypes were determined using the monoclonal antibodies discussed in tae Materials and Methods section. 
{Mean percentage of positive cells calculated for all nucleated celis {30,000} in each marrow sample. 

Mean percentage of positive cells calculated as a percentage of CD 19° cells in each samale. 

i Mean percentage of positive cells calculated as a percentage of CD20” cells in each sample. 

Mean percentage of positive cells calculated as a percentage of CD10* cells in each sample. 


**Not applicable. 


FLOW CYTOMETRIC ANALYSIS OF HUMAN BONE MARROW 


CD19/Leu-12 


CDIO/CALLA 





10 Et o 
10° 101 102 103 104 
CD34/HPCA-1 


Fig 3. immunofiuorescence analysis of bone marrow cells 
labeled with CD34/HPCA-1 and either CD19/Leu-12 or CD10/ 
CALLA. (A) The correlation between CD19 and CD34 indicates 
that a few double-labeled celis were identified. (B) A similar 
correlation between CD10 and CD34 also showed a double-iabeled 
population of cells. Boxes in A and B illustrate the windows used 
for sorting the cell populations assessed for morphology and TdT 
expression (Table 3}. 


The most immature cells by morphology were in the CD34", 
CD19, CD10” fraction. This population contained many 
“undifferentiated” blast cells, without definite lymphoid 
features. A minor percentage of these cells stained percepti- 
bly for intranuclear TdT. The double-labeled CD34", 
CD10* or the CD34*, CD19* cells were somewhat more 
mature by morphology and could be characterized as lym- 
phoblasts or lymphocytes. Most of these cells were intensely 
labeled (intranuclear pattern) with the TdT stain (Table 3). 
In contrast, the CD347, CD10*, or CD34", CD19" cells 
contained a greater number of mature lymphocytes recog- 
nized by morphology that were negative for TdT staining. 
The cells that did not stain with either set of antibodies (ie, 
double negative, CD34~, CD10~; or CD34, CD19") were a 


Table 2. Early B Lymphoid Subpopulations in 
Normal Human Marrow 





Mean Percentage of Positive (SD; n}* 





Celi Surface Total cb13° CD10" 
Phenotype Marrow Cells (%) Marrow Calis (9) Marrow Celis (9) 
CD34* 1.6 (1.0; 27) NA NA 
CD34", 
cD19* 0.8 (0.8; 18) 7.8 (3.9; 13) NA 
CD34", 
cD10* 0.6 (0.4; 6) NA 13.8 (1.1; 6) 





*Percentages, SD, and number {n} of samples in calculation as 
described in Tabie 1. 
Abbreviation: NA, not applicable. 
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Tabie 3. Phenotype, Morphology. and TdT Expression of Early B 
Lineage Cells in Normal Bone Marrow 





TdT Positive (%)+ 











Cell Surface 
Phenotype* Experiment 1§ Experiment 2 Morphotogyt 
CD34*, CD107 1 2 Blast, lymphoblast 
CD34*, CD10* 64 81 Lymphoblast. lyme 
phocyte 
C0347, CD10* 1 2 Lymphocyte, iym 
phoblast 
CD34, CD10 0 0 Lymphocyte norr 
biast 
CD34", CD19 4 4 Blast, lymphoblast 
CD34*, CD19* 30 60 Lymphoblast, lym- 
phocyte 
cb347, CD19" 0 2 Lymphocyte, yrr- 
phoblast 
CD347, CD 107 0 1 Lymphocyte, nor 
moblast 


asna 


*Celis of each phenotype (Fig 3) were sorted and cytocentrifuge sides 
were prepared. 

+Cytocentrifuge slides were stained for nuclear TdT as described in the 
Materials and Methods section. 

tReplicate slides were Wright's-stained and examined for marpholo- 
gy. The predominant morphological type is given first for each category. 
When biast cells with definite lymphoid features were observed, these 
were enumerated. Furthermore, morphological distinction among blast 
cells was not attempted. 

Two complete experiments were performed. 





mixture of lymphocytes and developing erythroid cells from 
the middle to late normoblast stage.” These cells did not 
contain detectable intranuclear TdT. 

To determine whether CD10 was expressed before CD19 
on these early B lineage cells, the correlation of these two 
antigens on only the CD34* cells was determined (Fig 4). 
Although a few cells (~0.1%) expressed CD34 and CDIO 
without CD19, an equivalent number were identified 
expressing CD34 and CD19 without CD10 (Fig 4B). Three 
replicate experiments gave the same results with no clear 
evidence for either CD10 or CD19 to precede the other on 
the CD34? cells. 

HLA-DR, HLA-DP, HLA-DO class I! antigens are 
sequentially expressed during B lymphocyte develop- 
ment. Two-color immunofluorescence studies have shown 
that normal marrow CD34* cells express low but detectable 
amounts of HLA-DR.” Quantitative studies of HLA-DR on 
B cells in comparison to the CD34* cells indicated that the 
amount of HLA-DR expressed on the (average) CD19° cell 
was approximately four times greater than that on the 
(average) CD34? cell (Fig 5). All the CD10° lymphoid cells 
expressed HLA-DR, although the brightest CD10° cells (ie, 
the CD34", bright CD10* from above) were less intensely 
labeled with HLA-DR than were most CD10° cells. 

Three-color immunofluorescence was used to detect the 
acquisition of two other class H antigens: HLA-DP and 
HLA-DQ on marrow B lymphoid cells.’*'° Marrow cells 
were labeled with CD19, CD10, and either anti-HLA-DP or 
anti~-HLA-DQ. By gating on the CD19°* cells, the correla- 
tion between CD10 and the class H antigens was assessed 
solely on the CD19* B lymphocytes without contamination 
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CD19/Leu-12 


CD19/Leu-12 
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Fig4. Three-color fluorescence analysis of bone marrow cells 
labeled with CD19, CD10, and CD34. (A) Correlation between 
CD19 and CD10 gated on the CD34 lymphocytes. (B) Correlation 
between CD19 and CD10 gated on the CD34" lymphocytes. (The 
composite ungated display shown in Fig 2B can be compared.) 


of other cell types. (Additional class [-bearing cells were 
identified outside the light-scattering window in Fig 1A, 
since HLA-DR, HLA-DP, and HLA-DQ also labeled blasts 
and monocytes within the marrow.) A comparison between 
Fig 6A and C indicates that HLA-DP was expressed on 
almost all B lymphocytes, including the CD10* cells, 
whereas HLA-DQ stained mainly the CD10” B lympho- 


200 





Relative Number of Cells 


101 10 103 104 
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Fig 5. intensity of HLA-DR expression on lymphoid popula- 
tions in bone marrow, {A) Histogram of HLA-DR fluorescence 
gated on CD19" lymphocytes. This gate includes the CD10° and 
CD20° but not the CD34" cells. (B) HLA-DR fluorescence histo- 
gram gated on the CD10° bright, CD34" cells. The axes for this 
curve have been shifted down to show this minor population of 
cells on the same relative vertical scale. These celis constitute 
~40% of all CD19" celis in the marrow and express approximately 
four times less HLA-DR. The remainder of the CD34“ celis also 
express this lower HLA-DR intensity.” (C) Histogram of HLA-DR 
reactivity on the CD19 siymphocytes identified by light scatter in 
the marrow. 
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Fig6. Analysis of class li antigens on marrow B lineage celts. B 
lineage ceils were identified using light scattering and CD19/ 
Leu-12 biotin {APC streptavidin), Only the CD19° cells (30,000 
gated events} were then examined for the correlation betwaen 1A) 
anti-HLA-DP FITC and CD10/CALLA PE, (B) anti-HLA-DP FITC 
and CD20/Leu-16 PE, (C) anti-HLA-DQ FITC and CD10/ CALLA PE, 
and (D) anti-HLA-DQ FITC and CD20/Leu-16 PE. Quadrants were 
set using appropriate negative controls. 


cytes. The brightest CD10* cells (again corresponding to the 
CD34*, CD10* cells shown above) lacked both HLA-DP 
and HLA-BQ. 

in reciprocal experiments, marrow cells were labeled with 
CD19, CD20, and either anti-HLA-DP or anti- HLA-DOQ to 
assess Class I expression on more mature marrow B cells. In 
relating the CD20 with class H antigens on only the CD19* 
B lineage cells (Fig 6B and D), HLA-DP reacted with some 
B lineage cells that were CD20~. (These cells were CD10", 
as shown in Fig 6A.) When CD20 and HLA-DO were 
compared on the CD19°* cells (Fig 6D), all CD20° cells were 
also HLA-DQ* and vice versa. 

Later stazes of B lymphocyte development are defined by 
CD20, CD22, CD21, slgM, and sIgD. We used three-color 
immunofluorescence to study the expression of other cell 
surface markers on these CD19* marrow B lineage cells in a 
pairwise fashion. The data from 1 of 12 similar experiments 
yielding identical results are shown in Fig 7. Comparing 
CD20 and sigM on the CD19° cells, we found that these two 
markers identified the same populations (Fig 7A). However, 
in a correlation between CD20 and sigD, a significant 
population of CD20*, sigD~ cellis was identified in addition 
to the CD2C*, sigD* cells (Fig 7B). 

In the correlation of CD20 with CD22 (Fig 7C), there was 
a population of CD20*, CD22” cells, in addition to the 
CD20*, CD22” cell population. Likewise, there was a signif- 
icant CD20*, CD21” population in addition to a population 
of CD20*, CD21* cells (Fig 71). There were clearly more B 
lineage cells in the marrow labeled with CD20 than were 
reactive with antibodies detecting slgD, CD21, or CD22. 
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Fig 7. Corrəlated expression of anti-igM, 
anti-ilgD, CD20/Leu-16, CD21/CR,, and CD22/ 
Leu-14 on marrow B lineage celis. Only the 
CD19° cells (30,000 gated events) were ana- 
lyzed for the correlation of these five B lym- 
phoid cell surface antigens. 
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In correlating slgM with CD22 and CD21 (Fig 7D and 
G), slgM was clearly expressed on more marrow B lineage 
cells than was either CD21 or CD22. When CD22 and CD21 
binding was correlated on marrow B lineage cells, the cells 
identified the same population (Fig 7F). Among the marrow 
B lineage cells, fewer cells were labeled with slgD than with 
either CD20, CD21, or CD22 (Fig 7B, E and H). 


DISCUSSION 


Adult bone marrow is a complex tissue that is heteroge- 
neous with respect to the multiple lineages represented in a 
marrow aspirate as well as to maturational differences within 
each lineage. By identifying cells of the B lineage as distinct 
from cells of all other lineages, we were able to assess the 
expression of multiple cell surface markers on cells that 
differed only in their degree of maturity. The appearance of 
these cell surface antigens during the maturational process 
was deduced by comparing in a pairwise fashion the popula- 
tions labeled by the antibodies. 

In these studies, the B lymphoid cells were identified by a 
combination of light-scattering characteristics (forward and 
right angle) and the binding of CD19. The light-scattering 
window used in these studies included essentially all CD19° 
cells but excluded cells of both the monocytic and granulo- 
cytic lineages.” The light-scattering gates were necessary, 
since the autofluorescence of myeloid cells interfered with 
the discrimination of the minor subpopulations identified by 
immunofluorescence.”’ Two-color immunofluorescence 
showed that CD19 did not label either mature or immature 
cells of the myeloid lineages. The CD19 cells classified in 
this light-scattering window could all be identified as either 





102 
Anti-igM (FITC) 


1321 






CD22/Leu-14 (FITC) 


CD22/Leu-14 (PE) 








10' 10 «103 
Anti-igD (FITC) 


103 


102 


CD21/CR2 (PE) 





109 104 


102 
CD20/Leu-16 


10 10 104 10! 


Anti-igD (FITC) 


103 


T. NK, or erythroid cells.” In addition, all cells that bound 
CD19 were identifiable as lymphocytes by morphology. 
These data are consistent with the studies of non-T ALL in 
which CD19 was identified as the most precise available 
antigenic marker of the B lineage.’ 

Three-color immunofluorescence was used to identify the 
cell surface expression of antigens on the B lymphoid cells in 
marrow; one color identified the CD19* B lymphoid cells, 
and the other two colors compared pairwise the reactivity of 
additional antigens. The CD19* population was split into 
two, almost non-overlapping fractions by the combination of 
CD10 and CD20. The more mature B lineage cells were 
identified by the CD20 antigen, whereas the immature B 
lymphoid cells were CD10*. The CD19° cells were essen- 
tially all double labeled by either CD10 or CD20, suggesting 
that all the B lymphoid cells were identified in these two 
populations. 

The immature CD10* B lymphoid cells could be further 
subdivided by using CD34. An average of 0.6% of marrow 
cells coexpressed CD19, CD10, and CD34. As found by 
Ryan and co-workers using lymphocyte-enriched fractions 
from normal marrow, CD10* expression was brighter on the 
CD34* cells as compared with the remaining CD10° lym- 
phocytes.* Most cells within this population were positive for 
nuclear TdT. 

Class Il antigens were not uniformly expressed on marrow 
B lymphoid cells. HLA-DR was found on all CD19° cells in 
marrow but was significantly dimmer on the bright CD10*, 
CD34° cells as compared with the more mature CD20° cells. 
HLA-DP was not expressed on the brightest CD10° cells but 
was found on all other B lymphoid cells. In contrast, HLA- 
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DQ was found only on the CD20* cells and not on the less 
mature CD10* cells. 

The B lymphoid antigens expressed at later stages of 
maturation reacted only with the CD20* cells in marrow. 
Cell surface [gM and HLA-DQ identified the same popula- 
tions as CD20. In contrast, CD20 reacted with more B 
lymphoid cells than did CD21, CD22, and anti-sIgD, sug- 
gesting that CD20 is expressed before these other anti- 
gens." 

The data identifying the antigens expressed on B lineage 
cells can be used to develop a model for the sequential 
acquisition of cell surface antigens during B lymphocyte 
development (Fig 8). Our data indicate that the sequence of 
display of cell surface antigens is highly controlled during 
development of B cells, with coordinated expression of multi- 
ple cell surface antigens at distinct stages during the matura- 
tional process. These stages (1, H, HI, and IV) are each 
identified by three or more essentially simultaneous changes 
in cell surface phenotype. 

The most immature cells identifiable in bone marrow 
express CD34 as well as HLA-DR.” CD34 antigen is found 
on all assayed progenitor cells including CFU-“blast,” pre- 
CFU-GEMM, CFU-GEMM, CFU-GM, CFU-MIX, BFU- 
E, and CFU-E."*” In the current studies and those of Ryan 
et al, CD34 is found on the earliest recognizable B lineage 
cells (CD19*, bright CD10*).° This evidence links the CD34 
progenitor cell antigen to the B lymphocyte lineage, as well 
as to the myeloid lineages. HLA-DR was found on these 
earliest B cells, another characteristic shared by erythroid 
and myeloid progenitor cells.” At this early CD19*, CD34*, 
HLA-DR* B cell stage, nuclear TdT and cell surface CD10 
are intensely expressed. Because of the presence of TdT in 
this CD19*, CD34*, bright CD10* fraction of cells, we 
speculate that the rearrangement of Ig genes occurs at this 
stage.” 

At the beginning of stage I], maturing B lineage cells lose 
cell surface CD34 and nuclear TdT. At this time, the density 
of HLA-DR increases fourfold, while the amount of CD10 
decreases by a factor of 3. These changes occur with no 
detectable change in cell size (as assessed by forward light 
scattering). HLA-DP is detected on cells at approximately 
this same time. 
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Fig8. Schematic representation summarizing the characteris- 


tics of B lineage cells as thay mature in normal human bone 
marrow. Relative quantities of the cell surface antigens are shown 
on the abscissa; relative maturation of the cells increases is shown 
along the ordinate. Four stages of development (I through IV} can 
be assigned based on multiple changes in cell surface antigen 
expression that occur at essentially the same time during the 
maturational process. 
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The beginning of stage IH is marked by the acquisition of 
CD20, HLA-DQ, and sigM. The intensity of staining of cells 
for sigM, CD20, and HLA-DR is brighter than for HLA- 
DP, HLA-DQ, or CD19, 

The acquisition of two more cell surface markers, CD21 
and CD22, and the loss of CD10 identify stage IV. These 
newly acquired cell surface antigens are not brightly labeled, 
being expressed in similar amounts as CD19 or HLA-DP. 
Studies of B lymphoid antigens on peripheral blood indicate 
that sIgD is expressed on significantly fewer cells than any of 
the other antigens examined (M.R. Loken and V.O. Shah, 
unpublished observations). This may explain the data 
observed in Fig 7B, E, and H and is consistent with stage IV 
representing peripheral blood contamination of the bone 
marrow sample. The slgD~ cells are depicted as more 
immature cells (as compared with the slgD* cells) in Fig 8 to 
correspond to studies on fetal tissue.” Because slgD is lost 
after antigenic stimulation, however, the slgD~ cells 
observed in blood and marrow may represent the cells that 
have already been exposed to antigenic stimulation.*° 

The scheme presented in Fig 8 assumes a linear sequence 
of events in the development of B lymphocytes. The mature B 
lymphocyte population, as identified in peripheral blood, is 
assumed to be homogeneous. The lack of expression of slgD 
on all peripheral blood B lymphocytes indicates that this 
assumption is not entirely valid. Other studies must be 
completed -o define where different sublineages of B lym- 
phocytes may deviate from the linear model. 

The developmental scheme in Fig 8 is inferred from 
coordinated expression of cell surface antigens on single 
samples. Confirmation of the progression from one stage to 
the next requires the isolation of a particular stage with 
subsequent induction to the next stage in vitro. 

There are differences between the stages of B lymphocyte 
development identified in this study and those deduced from 
studies of non-T cell ALL by Nadler and co-workers. The 
most notable difference is in the conclusion from the leuke- 
mia studies that CD19 precedes the acquisition of CD10. 
Nadler et al identified a small group of ALL cases expressing 
CD19* and HLA-DR* but lacking CD1IO~. In contrast, in 
our studies on normal B cells, detailed analysis of the CD34* 
cells for CD10 and CD19 expression indicated that these 
antigens were expressed at essentially the same time.” 
Similar conclusions were drawn from the studies of Ryan et 
al.” Whether the leukemic cells classified in this group lost 
the CD10 antigen during the development of the leukemia or 
if the normal counterpart of this cell is so infrequent (<2% of 
marrow B ceils) that it was not detectable in our studies is not 
known, 

A second difference between our model and that of Nadler 
et al is that the frequencies of non-T cell (“B lineage”) ALL 
cases Classified in the four stages do not appear to reflect the 
relative proportions of similar populations observed in nor- 
mal marrow.’ Almost one-half of the B lineage leukemias 
had the CD19*, CD10*, CD20* phenotype, whereas this 
phenotype constitutes a minor group of normal cells. 
Although this may be the result of relatively small numbers 
of patients studied, it is also possible that the leukemic event 
does not occur randomly during the developmental process 


FLOW CYTOMETRIC ANALYSIS OF HUMAN BONE MARROW 


and that the proportion of leukemias classified into each 
group does not reflect the proportion of the normal counter- 
part in the bone marrow. A third explanation may come from 
disregulation of expression of different cell surface antigens 
in the leukemic cells. During the process of leukemogenesis, 
mutational or other events may occur in which some antigens 
are deleted or others are incorrectly expressed. Such 
changes would splay the extrapolation from leukemic cells to 
normal counterparts. 

The data presented in this article illustrate that multipa- 
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rameter flow cytometry can be used to identify a single 
lineage of cells as distinct from all others in a heterogeneous 
mixture. By comparing the antigens expressed on only these 
cells, the composition of that defined population can be 
assessed. These techniques can be extended to examine the 
sequential acquisition of antigens in other lineages. In addi- 
tion, the multiparameter approach can be used to identify 
populations of cells with abnormal! cell surface and physica! 
characteristics that may be indicative of particular disease 
states or hematopoietic abnormalities. 
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Therapy of Severe Aplastic Anemia in Young Adults and Children With Allogeneic 
Bone Marrow Transplantation 


By P.B. McGlave, R. Haake, W. Miller, T. Kim, J. Kersey, and N.K.C. Ramsay 


During an 8-year period, 28 young adults (median age 27 
years) and 30 children (median age 10 years) with severe 
aplastic anemia have received allogeneic bone marrow 
transplantation (BMT) from major histocompatibility loci- 
matched sibling donors after preparation with cyclophos- 
phamide and total lymphoid irradiation (TLI). All recipients 
were previously transfused. Comparison of post-bone mar- 
row transplantation events in adults and children reveals 
equivalent median time to engraftment, median duration of 
hospitalization, median Karnofsky assessment of activity, 
and equivalent low rejection rate. Although the incidence 
of moderate and severe acute graft-v-host disease (GVHD} 
and of extensive chronic GVHD was greater in adults than 
in children, the projected survival at 4 years of adults (67%: 


RANSPLANTATION of bone marrow from HLA- 

identical siblings has been used successfully to treat 
severe aplastic anemia. Rejection rates of <10% are common 
in untransfused recipients.'* Early reports suggested that 
blood transfusion prior to transplantation resulted in a 
significant incidence of graft failure and an adverse effect on 
long-term survival.*“ Modifications of the preparative regi- 
mens have decreased the rejection rate in this transfused 
population.”* Improvements in transfusion practices may 
also have contributed to the reduction in incidence of rejec- 
tion.” 

Total lymphoid irradiation (TLE) is a potent form of 
immunosuppression both in animal models'®'’ and in 
humans.’* We have used the combination of TLI and high- 
dose cyclophosphamide to prepare previously transfused 
aplastic anemia patients for allogeneic BMT since 1977.” In 
this report, we update our experience with this approach and 
compare results in children and in young adults. 


PATIENTS AND METHODS 


Since November 1977, 28 young adults (median age 27 years, 
range 18 to 45 years) and 30 children (median age 10 years, range 2 
to 17.6 years) received BMT as therapy for severe aplastic anemia. 
Pretransplant recipient and donor characteristics are presented in 
Table 1. All patients met established criteria for the diagnosis of 
severe aplastic anemia. All patients were transfused, and all but 
one had received more than five transfusions, te, had been exposed to 
products from more than five separate blood donors prior to BMT. In 
addition to significant differences in donor and recipient age, adults 
and children differed in previous transfusion history {<20 v >20 
transfusions) and in marrow cell dose. All patients or their legal 
guardians signed informed consent approved by the Committee on 
the Use of Human Subjects in Research at the University of 
Minnesota, 

Patients were prepared for transplantation with a regimen 
designed to minimize rejection’? including cyclophosphamide, 50 
mg/kg/day intravenously (1V) (day - 6 to day ~ 3), and TLI, 750 
cGy midline dose at the umbilicus (day — 1). TLI was given in a 
single dose at a rate of 26 cGy/min with a 4-MV linear accelerator. 
Patients then received marrow from major histocompatibility 
(MHC)-matched sibling donors (day 0). All patients received 
graft-v-host disease (GVHD) prophylaxis with methotrexate." 
Twenty-nine patients received additional GVHD prophylaxis with 
equine antithymocyte globulin (ATG) and prednisone.'* Four 
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95% confidence interval [CI] 49% to 85%) and of children 
(73%; 95% CI 57% to 89%) was equivalent. All survivors 
are transfusion-free and have normal peripheral blood 
counts. One of 28 adults and 2 of 30 children have experi- 
enced rejection, and 1 of these patients survives after a 
second transplant. No malignancies have been identified 
following transplantation. An unexpectedly high incidence 
of hypothyroidism has been detected and may be attribut- 
able to preparation of recipients with TLI. Therapy of 
severe aplastic anemia with allogeneic BMT after prepara- 
tion with cyclophosphamide and TLI offers a high rate of 
transfusion-free survival and a low rejection rate in previ- 
ously transfused young adults and children. 


patients received 5 mg/day of OKT3 given IV from day +# to day 
+20 in addition to methotrexate and prednisone." 

Acute GVHD organ involvement was graded | through IV." 
Chronic GVHD was scored as limited or extensive. The term 
“advanced GVHD” was applied to patients who developed either 
grade If or greater acute GVHD or extensive chronic GVHD. Mild 
cutaneous acute GVHD and limited chronic GVHD were treated 
with topical steroid cream. Advanced GVHD was treated with 
regimens containing systemic steroids and, in some cases, adjunctive 
ATG, cyclosporine, or azathioprine therapy. 

Statistical methods. Clinical and laboratory data were retrieved 
from the University of Minnesota Bone Marrow Transplant Data- 
base, which contains systematically and prospectively collected data 
for all BMT recipients and donors. Univariate analyses were 
performed using the Kaplan-Meier product-limit method to assess 
the effects of various factors on survival.” The Mantel-Cox statistic 
was used to compare the difference in survival between groups. The 
sole exception involved assessment of the possible influence of 
GVHD on survival. Because GVHD is not a baseline patient 
characteristic and occurs some time after transplant, it was treated 
as a time-dependent covariate in a Cox proportional-hazards regres- 
sion analysis.” Factors that were significantly associated with 
survival in univariate analysis were then entered into a Cox stepwise 
multivariate regression analysis to determine their independent 
contributions to survival, 


RESULTS 


Projected survival at 4 years for the adult group is 67% 
(95% CI 49% to 85%), whereas that of the children is 73% 
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Table 1. Pretransplant Donor and Recipient Characteristics 








Characteristic Aduits Children Significance 
n 28 30 NS 
Interval from 47 days 44 days NS 
diagnosis to BMT {26-3,620) (19-2,829) 
Transfusion history 
<20 transfusions 6 14 P = 06 
>20 transfusions 22 16 
Recipient age 
Median (range) 27 yr 10 yr P = 0001 
(18-45) (2-17.6) 
Donor age 
Median (range) 25 yr 10 yr P = 0001 
(3-50) {1-22} 
Recipient sex 
M 16 16 NS 
F 12 14 
Donor sex 
M 16 11 NS 
F 12 19 
Marrow cell dose 
x 10°/kg of recip- 
ient body weight 
Median 3.2 3.8 P = .O5 





(95% CI 57% to 89%) (P = .58) (Fig 1). The latest death in 
the series occurred at 11 months following BMT. Al survi- 
vors are transfusion independent. Characteristics of post- 
BMT of the two groups (Table 2) including median times to 
engraftment, median durations of hospitalization, median 
Karnofsky assessments of activity in survivors, and rejection 
rates are equivalent. 

GVHD. The incidence and severity of GVHD in adults 
and in children is shown in Table 2. Kaplan-Meier analysis 
revealed a higher incidence of moderate and severe acute 
GVHD at 100 days in adults (54%; 95% CI 35% to 73%) 
than in children (24%; 95% CI 9% to 40%) (P = .08), and a 
significantly higher long-term projected incidence of exten- 
sive chronic GVHD in adults (56%; 95% CI 35% to 78%) 
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Fig 1. Projected long-term survival of 30 children {<18 years) 


and 28 adults (18 to 44 years) undergoing BMT for SAA. One 
surviving child who experienced marrow failure and was retrans- 
planted is a transfusion-free survivor at +78 months. 
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Tabie 2. Posttransplant Recipient Characteristics 





Cha-acteristic Adults Chiidren 
BMT to engraftment 
Median (range) 23 days 23.5 days 
(15-43) {16~46) 
BMT to d-scharge 
Median (range) 36 days 35 days 
(21-1433) {21-104} 
Acute GVHD* 
None 11 22 
Grade | 3 1 
Grade || 6 2 
Grade ili 6 4 
Grade fV 2 1 
Chronic GVHD+ 
None 9 18 
Limited 1 4 
Extens:ve 12 3 
Karnofsky assessment 
Mediar {range} 100% 100% 
(60-100) (8O~ 100} 
Rejection rate 1/28 2/30 
Survival 19/28 22/30 


*Tweo adults and three children died without GVHD at < 100 days:and 
are censored at time of death. 

{Six adults and five children died before day 100 and are censored at 
time of death. 


than in children (12%; 95% Cl = 0% to 25%) (P = .008). The 
long-term projected incidence of advanced GVHD in adults 
of 68% (95%; CI 49% to 86%) was significantly greater than 
the 36% projected incidence (95%; CI 18% to 54%) seen in 
children (P = .02) (Fig 2). Twelve patients in this series have 
required systemic steroid therapy and, in some cases, adjunc- 
tive therapy with azathioprine for extensive chronic GVHD. 
Three of these 12 patients have died, whereas 8 patients have 
experienced complete resolution of chronic GVHD and are 
no longer receiving immunosuppressive therapy. One patient 
is receiving low doses of azathioprine as therapy for persis- 
tent cutaneous chronic GVHD. 
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Fig2. Projected incidence of advanced GVHD in 28 adults and 
30 children undergoing allogeneic BMT for SAA. The term ‘‘ad- 
vanced GVHD" defines patients who developed either moderate or 


severe acute GVHD or extensive chronic GVHD. Last event on 
either curve is at 22 months. Dead patients have been censored. 
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Graft failure. Three of 58 patients experienced nonen- 
graftment or rejection following BMT. A 9-year-old girl 
(UPN 96) with idiopathic severe aplastic anemia who had 
received <20 transfusions prior to transplantation failed to 
engraft following an infusion of 3.9 x 10° nucleated bone 
marrow cells/kg of recipient weight from her MHC- 
matched brother, A second infusion of 4.4 x 10° cells per 
cells per kilogram of recipient weight from the same donor 
following preparation with cyclophosphamide, procarbazine, 
and ATG was unsuccessful, as was a third infusion of 1.7 x 
10° cells/kg of recipient weight. The patient died at +99 
days with Escherichia coli sepsis and Aspergillus sp pneu- 
monia. No evidence of engraftment could be found at time of 
death. 

A 7-year-old girl (UPN 103) with idiopathic severe aplas- 
tic anemia who had received <20 transfusions prior to 
transplantation had successful engraftment at day +25 after 
receiving 3.9 x 10ë cells/kg of recipient weight from her 
MHC-matched sister. Twenty-nine months later, the patient 
returned with recurrent severe aplastic anemia. After prepa- 
ration with cyclophosphamide, 50 mg/kg/day (day —5 to 
day ~2) and TBI 300 cGy (day —1), the patient received 
3 x 10° bone marrow cells/kg of recipient weight from the 
same donor and engrafted at day +19. She is now alive and 
well at +45 months following a second BMT. 

A 26-year-old man (UPN 410) with idiopathic severe 
aplastic anemia who had received >20 transfusions prior to 
BMT as well as an unsuccessful course of equine ATG 
(Minnesota) failed to establish a graft following preparation 
with cyclophosphamide and TLI, and an infusion of 3.2 x 
10° cells/kg of recipient weight donated by his MHC- 
matched brother. Peripheral blood evidence of engraftment 
occurred on day +19 and was confirmed by bone marrow 
biopsy. Aplasia recurred at day +45 and was treated by 
infusion of 3.1 x 10° cells/kg of recipient weight using bone 
marrow cells from the same donor following preparation with 
cyclophosphamide, cytosine arabinoside, and TBI. Engraft- 
ment did not occur, and the patient died at day +120 with 
Aspergillus sp pneumonia. 

Thyroid dysfunction. “Compensated hypothyroidism,” 
defined as elevation of serum thyroid stimulating hormone 
(TSH) serum levels >10 IU/ml on at least one occasion or 
between 7 to 9.9 wiU/ml on at least two occasions in the 
presence of a normal T4 index, occurred in 13 of 37 
recipients studied at >2 years after BMT. “Primary hypo- 
thyroidism,” defined as concomitant depression of the serum 
T4 index (<5) and the above-defined serum TSH elevation, 
occurred in an additional three recipients. 

Pneumonia. In this series, pneumonia occurred in 31 of 
58 patients. Etiologies included cytomegalovirus (CMV) (5 
cases), fungus (3 cases), bacterial infection (3 cases), Pneu- 
mocystis carinii (3 cases), acute respiratory distress syn- 
drome (ARDS) (1 case), and pulmonary hemorrhage (1 
case). In 15 cases, no etiology was determined. 

Cause of death. Seventeen of the 58 patients studied 
have died. Primary causes of death are listed in Table 3. In 9 
of the 17 cases, pneumonia was considered the principal 
clinical event responsible for death. In one case (UPN 129) 
rapid onset of fatal pulmonary edema occurred in a patient 
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Tabie 3. Cause of Death 





Principal Cause * (GVHD) + n 
Pneumonia 
CMV 5 5 
Candida sp 1 
Bacterial 1 1 
ARDS 1 
Hemorrhage 1 
Sepsis 3 4 
Meningitis 2 2 
Graft failure 2 
Total 14 17 


*Single clinical feature considered most important in patient daath, 
tGVHD or GVHD therapy considered a contributing factor in patient 
death. 


receiving concomitant amphotericin B empiric therapy and 
WBC infusion. In a second case (UPN 525), death was 
related to uncontrollable hemorrhage into the lung after ear, 
nose, and throat (ENT) surgery. In the remaining 7 cases 
fatal pneumonia could be attributed to CMV (5 cases), 
Candida sp (1 case), or a bacterial pathogen (1 case). In 4 
cases, sepsis with either bacterial pathogens (3 cases) or with 
CMV (1 case) accounted for death. Meningitis from Staphy- 
lococcus sp and from E coli, respectively, occurring in 
patients with advanced GVHD, accounted for two additional 
deaths related to infection, Finally, two patients previously 
described (UPN 96, UPN 410) died of infectious complica- 
tions associated with graft failure and prolonged pancytope- 
nia. Advanced GVHD was considered a contributing feature 
in 11 of the 17 deaths. 

Survival. Univariate Kaplan-Meier analyses were per- 
formed to assess the influence of patient characteristics on 
survival. No significant correlation with survival could be 
found when recipient age or sex, donor age or sex, recipient / 
donor sex match, or GVHD prophylaxis were considered. 
Prolonged interval from diagnosis to BMT defined as greater 
than the median interval of 46 days (P = .01) and an 
extensive pretransplant transfusion history (>20 UJ) (P = 
.02) predicted decreased survival. The occurrence of 
advanced GVHD was treated as a time-dependent covariate 
in a Cox regression analysis of survival. Those with advanced 
GVHD had significantly decreased survival (P = .0004). 
Survival was also analyzed by decade of recipient age (Table 
4). Although patients aged >30 years had a trend toward 
poorer survival, there was no significant difference in sur- 
vival among the four age groups (P = .75). 

A Cox multivariate analysis was then conducted to assess 
the independent contribution of factors that were significant 


Table 4. Projected Long-term Survival by Decade 


Age Number Survival (%) 95% (i 
0-9 16 75 54-96 
10-19 20 75 55-94 
20-29 12 67 40-933 
30-44 10 58 27-80 
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Table 4 depicts the projected long-term survival of BMT recipients 
analyzed by age. There is no significant difference in projected survival 
among the four groups (P = .75) 
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in univariate analyses. Because the effect of recipient age on 
outcome was of interest, it was included in the analysis and 
was forced into the model at the first step. The results of this 
analysis are presented in Table 5. Advanced GVHD (P = 
.002) and a prolonged interval from diagnosis to transplant 
(P = .01) predicted poorer outcome. Neither recipient age 
nor previous transfusion history significantly influenced sur- 
vival when occurrence of advanced GVHD and interval from 
diagnosis to BMT were taken into account. 


DISCUSSION 

In this report, we demonstrate that transplantation of bone 
marrow taken from MHC-matched sibling donors provides 
excellent survival for previously transfused children and 
young adults with severe aplastic anemia. Preparation of 
recipients with high-dose cyclophosphamide and TLI is 
associated with a low rejection rate (3 of 58) in a group 
considered at high risk for marrow failure and has not been 
associated with occurrence of malignancy. Prolonged inter- 
val from diagnosis to transplantation and development of 
advanced GVHD independently predict poor outcome. The 
flat, transfusion-free survival curve from 11 months to 9 
years (Fig 1) reflects the virtual absence of life-threatening 
complications occurring in patients surviving the acute post- 
transplant course. 

A graft failure rate of <10% has been consistently 
reported when untransfused patients receive BMT therapy 
for severe aplastic anemia.'* Early reports suggested that 
transplantation of previously transfused patients resulted in 
a significant incidence of graft failure and an adverse effect 
on long-term survival.*4 Graft failure was attributed to 
nonspecific sensitization of the recipient by antigens found in 
transfused blood products.**” 

Subsequently, modifications of the preparative regimen 
have been designed to reduce the rate of graft failure in 
transfused recipients. Addition of nonirradiated donor 
peripheral blood buffy coat following marrow infusion has 
reduced the incidence of graft failure from 32% to 14%.° 
Infusion of buffy coat, however, is associated with an 
increased incidence of chronic GVHD.” 

Immunosuppression with a combination of total body 
irradiation (300 cGy) given in a single dose and high-dose 
cyclophosphamide resulted in a projected survival rate of 
61% and rejection in only 1 of 44 previously transfused severe 
aplastic anemia patients. A high incidence of interstitial 
pneumonitis and a high mortality in adults, however, was 
reported.® Addition of cyclosporine to the BMT preparative 


Table 5. Multivariate Analysis of Characteristics 
Predicting Poor Outcome 








Characteristic Relative Risk Significance {p Value) 
Advanced GVHD 5.9 002 
Prolonged interval from 

diagnosis to 8MT 2.4 01 
History of > 20 transfu- 

sions prior to BMT oom 10 
Age > 18 years ~~ .58 





Table 5 depicts results of stepwise multivariate analysis correlating 
various risk features with death in 58 transfused patients undergoing 
BMT for SAA. 
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regimen has been reported to reduce the risk of early graft 
failure.’ A subsequent report from the same authors, how- 
ever, demonstrated that unexpected late graft failures may 
occur after withdrawal of cyclosporine therapy.“ When 
immunosuppression with cyclosporine is combined with 
high-dose cyclophosphamide, both early graft failure and 
fatal venocclusive disease of the liver can occur.” Prepara- 
tive immunosuppression with a combination of procarbazine, 
rabbit antithymocyte serum (ATS), and high-dose cyclo- 
phosphamide has also been reported to provide a low rejec- 
tion rate (10%) and acceptable projected Jong-term survival 
(61%) in group of relatively young recipients (median age 
17 years). 

The 5% rejection rate in this series compares favorably 
with rejection rates reported after BMT therapy of either 
untransfused or previously transfused aplastic anemia 
patients. “his low rejection rate is probably the result of 
preparative immunosuppression with TLI, which was first 
shown to Le immunosuppressive in animal models.'°'' Other 
researchers have reported preliminary results suggesting a 
low reject.on rate after preparation of transfused aplastic 
patients w th low-dose TLI.” Radiation ports used to deliver 
TLI incluce portions of the thyroid gland. In this series, 16 of 
37 recipients studied at >2 years following transplantation 
had chemical evidence of hypothyroidism.”’** Endocrine 
abnormali-ies occurring after preparation with single-dose 
TBI and allogeneic BMT have been reported.” Hypothyroid- 
ism occurring after mantle irradiation therapy of Hodgkin's 
disease is also common, often clinically insignificant, and 
sometimes reversible without therapy.” TLI may have 
similar adverse effects when used for bone marrow trans- 
plantation therapy of severe aplastic anemia. 

Pneumonia was a principal clinical feature in 9 of the 17 
deaths in zhis series. The contribution of irradiation to the 
development of fatal pneumonia is difficult to determine. 
Damage te the pulmonary bed itself is unlikely since individ- 
ually tailored lung shielding permitted <10% of the total 
calculated dose of irradiation to penetrate the center of the 
lung block in all recipients. In seven of the nine cases of fatal 
pneumonic, an infectious pathogen was demonstrated. The 
additive immunosuppressive effect of TL] and ceyclophospha- 
mide may have predisposed recipients to pneumonia in these 
cases. Most recipients with fatal pneumonia, however, also 
were receiving treatment for advanced GVHD. GVHD and 
therapy for GVHD have been associated with the develop- 
ment of pneumonia following allogeneic BMT for leuke- 
mia.” The relative importance of these etiologic features on 
the development of fatal infectious pneumonia is not known. 

The long-term, projected incidence of advanced GVHD 
was 67% ir adults and 36% in children, and advanced GVHD 
contributed significantly to mortality in this series. The 
reason for the disparity between the projected incidence of 
GVHD in adults and in children is not obvious. An increased 
incidence of GVHD has occurred in severe aplastic anemia 
patients receiving nonirradiated donor buffy coat infusions.” 
Adults in this series, however, received a lower median cell 
dose per kilogram of recipient weight (3.2 x 10°) than did 
children (3.8 x 10°) (P = .05), and neither children nor 
adults received donor buffy coat infusions. The relative 
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importance of older donor age in the development of GVHD 
is difficult to assess in this series since donor age parallels 
recipient age in both the older and in the younger group. 
Despite the increased incidence of advanced GVHD in 
adults, no significant disparity in parameters associated with 
outcome (including time to engraftment, rejection rate, 
median length of hospitalization, or median Karnofsky 
assessment of survivors) could be found. Recent reports 
suggest that prophylaxis with the combination of methotrex- 
ate and cyclosporine after allogeneic BMT therapy for severe 
aplastic anemia can result in an extremely low cumulative 
incidence of moderate or severe acute GVHD (14%) with a 
low rejection rate and with excellent projected survival.” 
Studies that compare the relative merits of our current acute 
GVHD prophylaxis to prophylaxis with the combination of 
methotrexate, cyclosporine, and prednisone are underway at 
our institution. 

In this study, excellent long-term transfusion free survival 
occurred in both young adults (18 to 44 years) and in 
children (1 to 17 years). Comparison of survival by decade 
demonstrated no significant difference, although only 10 
adult recipients were between the ages of 30 and 44 years. An 
inverse correlation of survival and increasing recipient age 
following BMT for severe aplastic anemia has been 
reported®; however, the comparable survival in children and 
young adults in our series is in agreement with two recently 
reported analyses.**° 
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The observation has been made that patients receiving 
allogeneic BMT therapy for severe aplastic anemia in the 
“modern era” have lower rejection rates and better survival 
than patients transplanted with similar preparative regimens 
in earlier years. Low rejection rates, comparable to those that 
are observed after transplant of untransfused severe aplastic 
anemia patients, have been attributed to a decreased inci- 
dence of recipient sensitization accompanying improvements 
in blood product transfusion procedures.’ Better overall 
survival may be attributable to expedited therapy with BMT, 
and better pretransplant and posttransplant support.’ The 
results of our study are in agreement with reports of better 
survival in recently transplanted patients. In our experience, 
projected long-term transfusion-free survival of 28 patients 
(median age 14 years) transplanted from 1977 to 1981 is 
61% (95% CI 43% to 79%), whereas projected long-term 
survival of 30 patients transplanted from 1982 to 1986 
(median age 21 years) is 79% (95% CI 64% to 94%) 
(P = .10). 

Allogeneic bone marrow transplantation therapy for 
severe aplastic anemia after preparation with a combination 
of cyclophosphamide and TLI provides excellent transfusion- 
free survival and an extremely low rate of graft failure in 
young adults and in children. Results of this approach 
compare favorably with those that have been observed after 
transplantation with other reported preparative regimens or 
after therapy with alternative forms of immunosuppression. 
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Mixed Hematopoietic Chimerism Following Bone Marrow Transplantation for 
Hematologic Malignancies 


By Lawrence D. Petz, Priscilla Yam, R. Bruce Wallace, A. Dean Stock, Gerda de Lange, Robert G. Knowiton, 
Valerie A. Brown, Helen Donis-Keller, L. Robert Hill, Stephen J. Forman, and Karl G. Blume 


Twenty-nine of 172 patients (17%) who received an allo- 
geneic bone marrow transplant (BMT) from histocompati- 
ble sibling donors for hematologic malignancies were 
mixed hematopoietic chimeras: ie, they had a mixture of 
donor and host hematopoietic or lymphohematopoietic 
cells at =14 days after transplantation. Twenty-four of the 
29 mixed chimeras (83%) have remained in continuous 
complete remission for up to 116 months (>9 years) 
following BMT. Four of the 29 patients (14%) have had 
recurrent leukemia, and 7 of the 29 (24%) have had 
moderate or severe graft-v-host disease (GVHD). Twelve 
of these 29 patients have persisted as stable mixed 
chimeras for =2 years after BMT, whereas other patients 


E PREVIOUSLY reported nine patients treated with 
high-dose radiochemotherapy and allogeneic bone 
marrow transplantation (BMT) for acute leukemia who 
became mixed hematopoietic chimeras; that is, they had 
blood cells of both donor and recipient origin.'? We have 
subsequently carried out studies on 172 patients treated with 
radiochemotherapy and BMT for hematologic malignancies 
to characterize mixed chimerism in detail, to document its 
incidence using two different preparatory regimens, and to 
determine its relationship to graft-v-host disease (GVHD), 
leukemic relapse, and disease-free survival. We also evalu- 
ated the advantages and disadvantages of several genetic 
markers for such studies, including the use of DNA restric- 
tion fragment length polymorphisms (RFLPs).’ 


PATIENTS AND METHODS 
Patient Population 


We evaluated 293 patients who received an allogeneic bone 
marrow transplant for leukemia at the City of Hope National 
Medical Center between May 18, 1976 and December 31, 1985. 
Patients with a unique patient number (UPN) of | to 281 were 
evaluated retrospectively, whereas patients with a UPN of 282 to 
336 were studied prospectively. We considered only patients who 
had one or more informative genetic markers tested after BMT to 
determine the presence or absence of host-type hematopoietic cells. 
Detailed information is available in 172 patients at this time. The 
diagnoses were as follows: acute lymphocytic leukemia (ALL), n = 
65; acute nonlymphocytic leukemia (ANLL), n = 72; chronic 
myelocytic leukemia (CML), n = 32: refractory anemia with excess 
blasts, n = 1; chronic myelomonocytic leukemia (CMMOL), n = 1; 
and hairy cell leukemia, n = 1. All patients received a marrow 
transplant from histocompatible sibling donors. 


Preparatory Regimens 


Patients with a UPN of | to 185 were treated with a pretransplant 
preparative regimen (regimen 1) consisting of cytosine arabinoside 
(Ara-C), high-dose cyclophosphamide, and 1,000 cGy total body 
irradiation (TBI) delivered at 7 cGy/min,* except for patients 78 
and 100 who received 750 cGy of TBI at a dose rate of 26 cGy/min. 
The preparative regimen for patients 186 to 334 (regimen 2) 
consisted of 1,320 cGy TBI given in 11 fractions of 120 cGy, and 
cyclophosphamide, VM 26, or VP 16.° 

The posttransplant immunosuppressive regimen for patients | to 
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converted to all donor-type hematopoiesis. The incidence 
of mixed chimerism was independent of the pretransplant 
regimen, the donor or recipient age (<20 v >20 years), 
remission status (first complete remission of acute leuke- 
mia and first chronic phase of chronic myelocytic leukemia 
v later stages of disease), and type of leukemia. Our data 
indicate that mixed hematopoietic chimerism is not rare 
after BMT for hematologic malignancies and that its pres- 
ence is compatible with long-term disease-free survival. 
Prospective studies of mixed chimerism after BMT are 
warranted to achieve better understanding of its biologic 
importance. 

® 1987 by Grune & Stratton, inc. 


177 consisted of methotrexate and prednisone, whereas subsequent 
patients were randomized to receive either methotrexate and predni- 
sone or cyclosporine and prednisone.’ 


Genetic Markers 


The following genetic markers were used: RBC antigens, sex 
chromosomes, immunoglobulin allotypes, and DNA restriction frag- 
ment length polymorphisms (RFLPs). 

RBC antigens and antibodies. RBC phenotyping was performed 
using standard techniques.* Typing for the following antigens was 
performed: A,, B, A, D, C, E, c, e, K, k, Fy’, Fy’, Jk*, Jk”, P,, M, N, 
S, and s. Transfusions prior to referral for transplantation occasion- 
ally made the determination of the patient's RBC phenotype diffi- 
cult. In those instances, reticulocyte enrichment of the patient's 
RBCs’ aided in establishing the correct phenotype. It was frequently 
also impossible to exclude mixed chimerism by RBC antigen typing 
during the first 3 to 5 months after transplantation because of 
transfusions. In ten patients, the presence of donor-type RBC 
antigens after BMT in the absence of mixed field reactions was 
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considered an indication of complete allogeneic marrow engraft- 
ment. 

We interpreted an RBC alloantibody or an autoantibody in a 
patient prior to BMT that remained detectable for >6 months after 
BMT as an indication of the persistence of host B lymphocytes. This 
occurred most commonly in transplants involving a major ABO 
blood group incompatibility (eg, donor group A, patient group O), 
which was present in 1} patients (UPN 38, 47, 78, 95, 108, 118, 168, 
233, 268, 279, and 320). We selected the 6-month period as being 
well beyond the expected duration of persistence of antibody since 
previous studies have indicated that patients’ RBC alloantibodies 
ordinarily persist for no longer than 120 days after BMT.” 

Cytogenetic studies. In patients who received marrow from a 
donor of the opposite sex, cytogenetic analyses were performed," 
usually using bone marrow specimens. In some instances, peripheral 
blood lymphocytes were used instead, in which case the lymphocytes 
were cultured in a conditioned medium described by Mills et al.'* 
This medium activates a wide variety of T and B cells as indicated by 
studies of T and B cell neoplasms in our laboratory (A.D. Stock et al, 
unpublished observations). The presence of the Y chromosome was 
detected by screening metaphases after quinicrine staining or using 
C-banding. When adequate numbers of metaphases were available, 
at least 30 were so screened. 

Immunoglobulin allotyping. Immunoglobulin allotyping was 
performed using hemagglutination inhibition. The method and the 
reagents used were as previously reported.'*'* To exclude the pres- 
ence of exogenous immunoglobulins as a result of blood transfusion, 
allotyping was performed at =100 days after the most recent 
transfusion. 

DNA RFLP analysis. Restriction fragment analysis was per- 
formed as previously described.’ In brief, high-mol-wt DNA was 
isolated from the nuclei of peripheral blood cells obtained from ~25 
mL blood collected in heparin or in 10% acid-citrate-dextrose. The 
purified DNA was digested with restriction endonucleases; the DNA 
fragments were then fractionated by electrophoresis in 0.5% to 1.0% 
agarose gels, and hybridization was carried out using the appropriate 
probes either in gel or after Southern blotting!’ using nitrocellulose 
(Schleicher and Schuell, Keene, NH), Genetran (Plasco, Woburn, 
MA), or Zeta-bind (AMF Cuno, Meriden, CT) filters. 

A panel of ten DNA probes was available for hybridization? 
These included pAW101'* (obtained from Dr Ray White, Salt Lake 
City), pDP34'""’ (obtained from Dr David C. Page, Boston), AT3” 
(obtained from Dr David Ginsburg, Ann Arbor, MI), Gy and Ay 
globin gene oligonucleotide probes (prepared by one of us, RBW), 
and five randomly cloned single copy DNA sequences termed 
LAM4-123, -1065, -427, -355, and -1214”' prepared and character- 
ized at Collaborative Research, Inc (Lexington, MA). The genomic 
probes were labeled by nick translation with **P-deoxynucleotide 
triphosphate (New England Nuclear, Boston) to a specific activity of 
| to 10 x 10° CPM/yug DNA; 5’ end labeling of oligonucleotide 
probes was performed using T4 polynucleotide kinase.” 


Definitions 


We defined a patient as a “complete chimera” when genetic 
markers detected only donor-type hematopoietic cells after BMT.” 
We defined a transplant recipient as a “mixed hematopoietic 
chimera” or “mixed chimera” if the patient had a mixture of donor 
and host hematopoietic or lymphohematopoietic cells = 14 days after 
BMT. We have excluded those patients who were complete chimeras 
and subsequently had a reemergence of host cells only at or near the 
time of relapse of their leukemia. In this regard, we excluded ten 
patients who developed hematologic evidence of relapse within 90 
days of the reemergence of detectable host cells. 
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RESULTS 
Incidence of Mixed Hematopoietic Chimerism 


One of the aims of our study was to determine the 
incidence of mixed hematopoietic chimeras following BMT 
and, in particular, to determine if there was a difference in 
incidence in patients treated with 1,000 cGy singie-dose TBI 
(regimen |) as compared with patients treated with 1,320 
cGy fractionated TBI (regimen 2). Twenty-nine of the 172 
patients studied (17%) were mixed hematopoietic chimeras. 
Eighteen of 81 patients (22%) treated with regimen | and 11 
of 91 patients (12%) treated with regimen 2 became mixed 
chimeras. This difference in incidence is not statistically 
significant (P = .10). The clinical characteristics of the 
mixed hematopoietic ch:meras are presented in Tables | and 
2. Mixed chimeras have been documented among patients 
with various types of leukemia; ie, 12 of the patients had 
ALL, 13 had ANLL, 2 had CML, I had chronic myelomono- 
cytic leukemia, and | had hairy cell leukemia. 


Frequency of Informative Markers and Sensitivity of the 
Various Genetic Markers 


RBC antigen phenotyping prior to BMT in 275 donor/ 
recipient pairs revealed donor and recipient markers in 201 
pairs (73%), only recipient-specific markers in 37 pairs 
(13%), only donor-specific markers in 29 pairs (11%), and no 
markers in 8 pairs (3%). A minor population of RBCs can 
generally be detected by RBC phenotyping when their 
percentage is as low as 1% to 5% of the total. 

Immunoglobulin allotype testing in 75 donor/recipient 
pairs revealed a recipient-specific marker or both donor- 
specific and recipient-specific markers in 37 pairs (49%), 
donor-specific markers in 12 pairs (16%), and no markers in 
26 pairs (35%). Immuneglobulin allotypes can be detected to 
a level of ~3% of normal. 

DNA RFLP can be informative in essentially 100% of 
donor/recipient pairs depending on the number of probes 
used for hybridization and their polymorphism information 
content.277*45 Using probes pAWI01, pDP34, AT3, Gy 
globin, and Ay globin, a recipient-specific marker or both 
recipient-specific and donor-specific markers were present in 
38 of 40 (95%) donor/recipient pairs tested. With the five 
LAM4 randomly cloned genomic probes, ™? the observed 
frequency of finding a recipient-specific marker in 30 sibling 
pairs was 100%. DNA RFLP can detect ~5% to 10% of a 
minor population of donor or host DNA. 

The sensitivity of sex chromosome analysis for detection of 
host cells depends on the number of cells examined. For 
example, one must examine =59 cells to exclude 5% host 
cells with 95% confidence.”’ 


Results of Genetic Marker Studies 


The results of the genetic marker studies used to define the 


patients as being mixed hematopoietic chimeras are shown in 


Tables 3 and 4. As indicated, some of the patients have 
remained stable mixed chimeras for extended periods of time 
(eg, UPN 78, 100, and 144) whereas others eventually 
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Table 1. Clinical Characteristics of Mixed Hematopoietic Chimeras 


otha marassa andina annaa 


Patients Transplanted in First Complete Remission 


ernieren torre hiin to tte 


Remission Age Prep D/R GVHD Acute Chronic Karnofeky 
UPN Diagnosis Status at BMT Regimen Sex Prophylaxis GVHD GVHD Outcome of BMT Score 
47 ANLL ist CR 28 1 F/F MTX/PSE ti None CCR -+ 2,638 100 
64 ALL tst CR 21 1 M/M MTX/PSE | None CCR +2,457 700 
78 ALL ist CR 2 1 M/F MTX/PSE 0 None CCR +2,317 100 
95 ANLL ist CR 27 1 M/F MTX/PSE 0 None CCR +2,163 100 
101 ANLL tst CR 20 1 F/M MTX/PSE i None CCR +2,093 80 
108 ANLL tst CR 18 1 M/M  MTX/PSE i None Relapsed 4+ 553; 0 
died + 1,059 
118 ANLL tst CR 16 1 M/M MTX/PSE it None CCR + 1,946 100 
152 ALL ist CR 23 1 F/M MTX/PSE f None CCR + 1,617 100 
180 ANLL tst CR 35 1 F/M MTX/PSE 0 Moderate; resolved CCR + 1,561 90 
168 ANLL 1st CR 24 1 M/M MTX/PSE 0 None CCR + 7,491 100 
179 ANLL ist CR 20 1 M/F CSA/PSE i None CCR + 1,372 190 
268 CML ist CR 38 2,CY M/F CSA/PSE i None CCR +714 100 
279 ALL ist CR 30 2,CY M/F CSA/PSE Q None CCR +637 $0 
317 ANLL tst CR 18 2,CY M/F MTX/PSE 0 None CCR +420 100 
320 ALL tst CR 23 2,CY M/M CSA/PSE 0 None CCR +399 100 
323 ALL tst CR 28 2, CY F/M CSA/PSE 0 None CCR +378 100 





Abbreviations: CCR, continuous complete remission; MTX, methotrexate; PSE, prednisone; CSA, cyclosporine; CY, cyclophosphamide. 
Date of evaluation (Tables 1 and 2): November 17, 1986. 


converted to all donor-type hematopoiesis (eg, UPN 233 and 
283). 

The percentages of host cells in mixed chimeras varied 
from patient to patient and were most readily determined 
from chromosome analysis when adequate numbers of meta- 
phases were available. Of the 11 patients determined to be 
mixed chimeras by chromosome analysis, =30 metaphases 
were examined in 9 patients; in the other 2 patients, 80 and 
20 metaphases were examined, respectively. Six of the 11 
patients had > 50% host cells, and the other 5 patients had 
2.5%, 5%, 10%, 15%, and 28% cells of host origin. Repeat 
studies revealed a similar percentage or a decreasing per- 
centage of host cells. Bone marrow was the source of the 


specimens in 8 of the 11 patients, peripheral blood was the 
source in 1, and both marrow and blood were the sources 
in 2. 

The percentage of host cells on initial diagnosis of patients 
as mixed chimeras did not predict whether the patient would 
be a stable mixed chimera or would convert to a complete 
chimera. For example, of those mixed chimeras who con- 
verted to all donor-type cells, the initial proportion of host- 
type cells was only 2% and 10% in patients 38 and 260, 
respectively, but was 87% and 90% in patients 233 and 234. 

The percentages of host and donor erythrocytes were 
estimated by observance of the mixed field reactions using 
RBC typing reagents. RBCs were largely of host origin in 


Table 2. Clinical Characteristics of Mixed Hematopoietic Chimeras 





Patients Transplanted Not in First Camplete Remission 





Remission Age Prep D/R GVHD Acute Chronic Karnofsky 
UPN Diagnosis Status at BMT Regimen Sex Prophylaxis GVHD GVHD Outcome of BMT Score 
9 ALL 2nd REL 29 1 F/F MTX/PSE 0 None CCR +3,542 109 
38 ALL 2nd REL 17 1 M/F MTX/PSE | None Relapsed + 365: $ 
died + 395 
100 ANLL ist REL 2 1 M/F MTX/PSE 0 None CCR +2,100 109 
107 ALL 2nd CR 28 1 M/M MTX/PSE 0 None CCR +2,037 100 
144 ANLL IF 25 1 F/M MTX/PSE 0 Mild; CCR + 1,673 100 
resolved 
163 ALL 2nd REL 8 1.VM26 M/M MTX/PSE 0 None Relapse/died 0 
+896 
171 ALL 3rd CR 20 1 F/M MTX/PSE H Severe Died +502: $ 
pneumonia 
222 ANLL iF 29 2,VP16 F/F MTX/PSE Hi Moderate: resolved CCR + 1,092 100 
226 HCL 2nd REL 35 Z,CY M/M CSA/PSE ii Mild: resolved CCR + 1,001 160 
227 ALL 2nd CR 29 2,CY M/M MTX/PSE Il None CCR +994 100 
233 CMMOL PU 41 2,VP16 M/F CSA/PSE 0 None CCR +945 100 
234 ANLL 2nd REL 14 2,VP16 F/M CSA/PSE ti Moderate; improving Relapsed +903 70 
283 CML AP 33 2,CY M/F MTX/PSE 0 None 


CCR +609 20 





Abbreviations: IF, induction failure; PU, previously untreated; AP, acute phase. 
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Table 3. Mixed Hematopoietic Chimeras; Pret-ansplant Regimen 1 
UPN RBC Antigens Sex Chromosomes ig Allotyzes DNA RFLP RBC Antibodies: 
9 Ni NA Mixed: 24,95 NT a 
38 NT Complete: 0.5,10 NT NT = 
Mixed: 1,3 
47 Ni NA NT NT Persistent anti-A: 55 
64 Mixed: 72 NA NT NT -l 
78 Mixed: 12,16,18,38,68,62 Mixed: 1,18,38,62 Ni Mixed: 70 _ 
95 Mixed: 8 NT NT NT = 
100 Mixed: 12,25,53 Mixed: 1,12,24,53 NI Mixed: 53 — 
101 Mixed: 49 Complete: 49 NT NT -= 
107 NI NT Mixed: 47 Complete: 47 _ 
108 Mixed: 12 NA NT NT Persistent anti-A: 12 
118 Mixed: 10,11 NA NT NT mon 
144 Mixed: Multiple tests to 49 Mixed: 12,32,34,41 Mixed: 14,20 Mixed: 34,41 _ 
152 Mixed: 5,13 Complete: 18,27 Mixed: 12,18,27 NT. = 
Complete: 16,20,24,27 
160 Mixed: 11,14,26,30 Mixed: 1,26 Mixed: 10,14,16,43 Complete: 32,43 on 
Complete: 32 Complete: 3,12,28,43 
163 Mixed: 17 NA NI NT a 
168 impaired erythropoiesis NA Mixed: 9,14 NT Persistent anti-A: 6 
171 NT Host: 1 NT NT vote 
Mixed: 3 
179 Mixed: 20,24,35 Complete: 24 Mixed: 24,35 Complete: 24,35 inne 





Numbers following Mixed refer to months after BMT at which time mixtures of donor and recipient cells were found (mixed chimeras). Numbers 
following Complete refer to months after BMT at which time only donor genetic markers were detected. Numbers following Host refer to number of 
months after BMT at which time only cells of host type were found. NA, not applicable (denor and recipient of same sex’: NI, not informative. 


patients 78, 100, and 108, whereas they were largely of donor 
origin in patients 95, 101, 118, 152, 160, 163, 179, 222, and 
233. Approximately equal percentages of RBCs of donor and 
host origin were found in patients 64 and 144. 

The percentage of host immunoglobulins was determined 
in selected patients by titration using doubling dilutions of 
the patients’ sera. Approximately 3% to 6% of host immuno- 
globulins were present in patients 160, 168, 222, and 226. In 
patients 152, 160, and 222, immunoglobulin allotypes ulti- 
mately became the only indication of the presence of host- 
type cells, whereas earlier in these patients’ courses other 
genetic markers had also indicated mixed chimerism. 


Quantitative studies were not performed using DNA 
RFLPs. Nevertheless, in patients 78, 100, and 144 a compar- 
ison of the intensity of the bands of donor and recipient origin 
made it evident that =50% of the DNA was of host origin, in 
agreement with the results of other genetic markers. 


Correlation of Results of Various Genetic Markers 


Cytogenetic studies and RBC phenotyping were per- 
formed ccncurrently in a number of patients. Both methods 
indicated a predominance of host cells in patients 78 and 100, 
a predom nance of donor cells in patient 160, and approxi- 
mately equal percentages of host and donor cells in patient 


Table 4. Mixed Hematopoietic Chimeras; Pretransplant Regimen 2 





UPN RBC Antigens Sex Chromosomes ig Allotypes DNA RFLP RBC Antibodies 
222 Mixed: 6,9,11,14 NA Mixed: 14,26 NT i 
Complete: 26 
226 Ni NA Mixed: 12 NT Persistent RBC autoantibody: 12 
227 Complete: 4,12,24 NA Mixed: 12,23 N™ -= 
233 Mixed: 5,11,15 Mixed: 3 NT NT ma 
Complete: 22 Complete: 5,6,10,12,18 
234 Complete: 12,13,17,21 Mixed: 3 NT N” — 
Complete: 1,12,13,17 
268 Ni Complete: 2,4,5,6 NI N7 Persistent anti-B and anti-D: 16 
279 impaired erythropoiesis Complete: 1,2,4,8 NT NT Persistent anti-B: >23 
283 NT Mixed: .75,2 NT M xed: 2 oe 
Complete: 1,2.5,4,13 Complete: 1,2.5,4 
317 Complete: 7 Mixed: 2 NT Complete: 1,2,3 —_ 
Complete: 1,4,6 
320 Mixed: 7,9 NA NT Complete: 2,3 persistent anti-B: & 
Complete: 12 
323 Complete: 5 Mixed: 4 NT N7 — 


Complete: 1 
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144. In patients 101, 152, and 179, RBC phenotyping 
indicated a small population of host cells, whereas cytoge- 
netic studies revealed only cells of donor origin. In patients 
234 and 323, RBCs were all of donor phenotype, whereas a 
small percentage of host cells (2.5% and 10%) were detected 
on a single examination in each patient by chromosome 
analysis. In patient 233, RBCs were largely of donor origin, 
and host cells were detected by chromosome analysis in one 
of six studies. 

In patient 283, in vitro mixing experiments using mixtures 
of DNA of host and donor origin indicated that ~20% of 
DNA was of host origin at a time when 9 of 60 metaphases 
(15%) were of patient type. 

RBC antibodies persisting >6 months after BMT served 
as the basis of diagnosing mixed chimerism in 7 patients; in 2 
of these patients immunoglobulin allotyping also indicated 
mixed chimerism, whereas in the other 5 patients immuno- 
globulin allotyping either was uninformative or was not 
performed. Anti-A or anti-B antibodies were present in 6 
patients and caused a direct antiglobulin test without hemol- 
ysis in 2 patients, a positive direct antiglobulin test with 
transient hemolytic anemia in | patient, and a delayed onset 
of erythropoiesis (170 days to >605 days after BMT) in 3 
patients.*”? As with other genetic markers, host RBC 
alloantibodies ultimately disappear in most patients, but 
patient 279 still has a high titer anti-A antibody. She is also 
transfusion dependent because of a lack of erythropoiesis by 
the engrafted marrow >605 days after BMT.” 


Clinical Outcome 


In this largely retrospective study, all marrow transplant 
patients who were seen in follow-up during the study period 
were included. An analysis of our data revealed, however, 
that patients who were complete chimeras were first studied 
at a median of 3 months posttransplant (range 0.5 to 103 
months), whereas those patients who were mixed chimeras 
were first studied at a median of 6 months posttransplant 
(range 0.75 to 72 months). A statistical comparison of 
clinical outcome of mixed chimeras and complete chimeras is 
therefore not feasible. Nevertheless, it is noteworthy that 24 
of the 29 mixed chimeras (83%) have remained in continuous 
complete remission (CCR) and that only 4 of the 29 mixed 
chimeras (14%) have had a relapse of their hematologic 
malignancy. In addition, the incidence of moderate and 
severe GVHD in this heterogeneous population was 24%. 


DISCUSSION 


Our data indicate that 29 of 172 (17%) patients treated 
with marrow ablative high-dose radiochemotherapy and 
BMT for hematologic malignancies became mixed hemato- 
poietic chimeras. Twelve of these 29 patients were mixed 
chimeras for =? years after BMT, as documented by one or 
more genetic markers. Moreover, 24 of the 29 mixed 
chimeras (83%) have remained in CCR for up to 116 months 
(>9 years) following BMT. 

The existence of mixed hematopoietic chimeras who are in 
long-term CCR indicates that the mechanism by which 
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remission is produced is not simply that of marrow ablation 
followed by rescue with donor marrow. A graft-v-leukemia 
effect’?! may contribute to the maintenance of remission 
after BMT, but this effect is not essential since long-term 
CCR can occur after syngeneic marrow transplantation and 
after chemotherapy alone. Thus, the mechanism by which 
high-dose radiochemotherapy and BMT lead to mixed chi- 
merism and long-term remission may be the selective 
destruction of a leukemic clone while allowing for repopula- 
tion of the marrow with normal endogenous hematopoietic 
cells along with growth of donor cells. Alternatively, since 
evidence exists for a multistep pathogenesis of some leuke- 
mias,” therapy in some patients may eradicate a leukemic 
subclone, resulting in restoration of morphologically and 
cytogenetically normal marrow even though an abnormal 
clone of host cells may persist.’ Indeed, the presence of a 
clonal population of mature blood cells in patients in com- 
plete hematologic remission has been reported.” 

Only 4 of 29 mixed chimeras not in overt hematologic 
relapse within 90 days of the time of detection of host cells 
subsequently relapsed. On the other hand, we’ and other 
authors” have pointed out that a progressive increase in the 
percentage of host cells is associated with a poor prognosis 
due to recurrent disease. Thus, when mixed chimerism is 
diagnosed, follow-up genetic marker studies and hematologic 
tests are necessary to distinguish relapse from stable mixed 
chimerism. 

Factors that lead to the production of mixed chimerism 
after high-dose radiochemotherapy in some patients but not 
others have not been identified. In our patients, the incidence 
of mixed chimerism was independent of the pretransplant 
regimen, the donor or recipient age (<20 v >20 years), 
remission status (first complete remission of acute leukemia 
and first chronic phase of chronic myelocytic leukemia v 
later stages of disease), and type of leukemia. 

A major ABO blood group incompatibility was present in 
11 of 29 (38%) patients who became mixed chimeras but in 
only 20 of 143 (14%) patients who became complete 
chimeras. This difference is statistically significant (P = 
.006). If the three patients whose only genetic marker was an 
RBC alloantibody are excluded however, the difference is no 
longer significant. Thus, the higher incidence of mixed 
chimerism in transplants in which there is a major ABO 
blood group incompatibility may reflect that a test for RBC 
alloantibodies is a more sensitive marker than the other 
genetic markers used. Patients without major ABO incom- 
patibilities are not eligible for such an analysis. 

Mixed hematopoietic chimerism has also been reported 
after BMT by other investigators. 726325368 Indeed, Hill 
et al” reported the remarkable fact that the incidence of 
mixed chimerism was 58.3% in their series of 96 patients who 
received a marrow transplant for aplastic anemia. Mixed 
chimerism persisted for up to 395 days posttransplant, with 
the graft then being rejected or, more commonly, with 
hematopoiesis converting to 100% donor-type cells. The 
Kaplan-Meier estimate of the probability of developing 
grades If to IV acute GVHD for mixed chimeras and 
complete chimeras was significantly different, showing an 
increase in the frequency of acute GVHD in the complete 
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chimeras. The marrow rejection rate, however, was signifi- 
cantly increased in mixed chimeras as compared with com- 
plete chimeras although the projected survival rate was not 
different. 

Prospective studies of mixed hematopoietic chimeras after 
BMT are warranted for a better understanding of its biologic 
importance. Moreover, insights into basic aspects of trans- 
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plantation biology may be possible by analysis of hemato- 
poietic repopulation in the posttransplant period. 
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Association of a Chromosomal 3;21 Translocation With the Blast Phase of 
Chronic Myelogenous Leukemia 


By Charles M. Rubin, Richard A. Larson, Mitchell A. Bitter, John J. Carrino, Michelle M. Le Beau, 
Manuel O. Diaz, and Janet D. Rowley 


An identical reciprocal translocation between the long 
arms of chromosomes 3 and 21 with breakpoints in bands 
3q26 and 21q22, t(3:21)(q26;q22), was found in three male 
patients with the blast phase of chronic myelogenous 
leukemia (CML). The abnormality was clonal in all three 
patients and was always accompanied by either a standard 
or variant 9:22 translocation resulting in a Philadelphia 
chromosome (Ph'). In two cases, the t(3;21) was the only 


HE LEUKEMIA CELLS of virtually all patients with 
chronic myelogenous leukemia (CML) are character- 
ized by the Ph’ or Philadelphia chromosome, a product of a 
reciprocal 9;22 translocation, t(9;22)(q34;q11), or of a vari- 
ant of this translocation,'” The t(9;22) is present at the time 
of diagnosis of CML and throughout the course of the 
disease. Evidence is accumulating that the molecular conse- 
quence of this rearrangement, namely, fusion of sequences of 
the ABL and ber genes, plays a critical role in the pathogene- 
sis of CML” 

At diagnosis and during the chronic phase of CML, the 
t(9;22) is usually the sole cytogenetic abnormality; addi- 
tional abnormalities are found in 9% to 30% of cases.>'° 
Subsequently, karyotypic evolution occurs in 80% of individ- 
uals before or during the blast phase.’ Numerous secondary 
chromosomal abnormalities have been observed; however, 
only a few recurring abnormalities have been identified. The 
most common of these are +8, +Ph', and i(17q); at least one 
of these is found in 80% of individuals with evolution.” 
Rarely, specific abnormalities first identified in acute non- 
lymphocytic leukemia (ANLL) are noted. These include the 
t(15;17) of acute promyelocytic leukemia'*"* and inv(3) and 
(3:3) [also interpreted in some reports as an ins(3;3)] of 


ANLL with abnormal megakaryocytopoiesis'*'’; in cases of 
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abnormality other than a t(9;22) in the primary clone. Serial 
studies of one patient demonstrated that the t(3:21) 
occurred as a result of clonal evolution near the time of 
development of the blast phase. We have not observed the 
t(3:21) in >500 patients with CML in the chronic phase. 
Thus, the t(3;21) is a new recurring cytogenetic abnormal- 
ity associated with the biast phase of CML. 

@ 1987 by Grune & Stratton, inc. 


CML wizh these abnormalities, the acute phase has the 
characteristic features of the corresponding ANLL. 

We identified a new recurring cytogenetic abnormality in 
association with the blast phase of CML in three patients. 
This finding will provide a focus for molecular studies aimed 
at understanding the conversion of CML from chronic to 
blast phase. 


MATERIALS AND METHODS 


The pat ents we studied had been referred to the University of 
Chicago or Michael Reese Hospitals; specimens of bone marrow 
and/or blood were analyzed in the Hematology/Oncology Cytoge- 
netics Laboratory. Each patient presented with clinical and morpho- 
logical features typical of CML in the chronic phase. The diagnosis 
of CML was confirmed in all cases by identification of the Philadel- 
phia chromosome in hematopoietic tissue. Morphological character- 
ization of zhe blast phase was based on examination of peripheral 
blood smezrs and of bone marrow biopsy specimens and aspirates 
obtained before institution of acute phase therapy. 

Cytogenetic analyses using trypsin-Giemsa, quinacrine fluores- 
cence, and chromomycin-A,-methyl green reverse fluorescence 
banding techniques were performed on bone marrow aspirates or 
peripheral blood samples. All three patients were studied during the 
blast phase; patient | was also studied during the chronic and 
acceleratec phases. Metaphase cells from short-term (24-hour) 
unstimulated cultures and methotrexate-synchronized cells cultured 
for 48 hours in phytohemagglutinin (PHA)-stimulated leukocyte- 
conditioned medium were analyzed, The criteria first proposed by 
Rowley and Potter” and accepted at the First International Work- 
shop on Chromosomes in Leukemia”! were used for identification of 
abnormal clones. Chromosomal abnormalities were described 
according to the ISCN (1985).” 

Southera blot analysis of DNA from patient | was performed as 
previously described”; we used DNA probes specific for the human 
transferrin receptor (7TFRC) and Hu-ets-2 (ETS2) genes. The 
pFR48 probe contains ~1.6 kilobases (kb) of the 3’ untranslated 
region of a human TFRC cDNA clone”; the pTR1/7 probe contains 
2.5 kb fromm the TFRC cDNA, including the entire coding region; 
and the pH33 probe contains 1.0 kb of human genomic sequences 
from the ETS 2 locus.” 


RESULTS 


Clinical and hematologic features. The clinical and 
hematologic features of the three patients who had CML and 
a t(3;21) are summarized in Table 1. All of the patients were 
men. Each had a relatively long chronic phase during which 
hydroxyurea and/or busulfan was administered. All three 
patients had splenomegaly, and patient 2 had lymphadenop- 
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Table 1. Summary of Clinical Courses and Hematologic Features of Three Patients With t(3:21)(q26;q22) and CML 
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Course/Feature Patient 1 Patient 2 Patient 3 
Age/sex 41/M 66/M 30/M 
Chronic phase: treatment Hydroxyurea, Busulfan Hydroxyurea Busulfan 
Duration {mo} 31 36 60 
Accelerated phase 
Manifestations Weight loss, splenomegaly — Fever, pancytopenia 
Treatment Splenectomy aans Fiuoxymesterone 
Duration (mo) 14 — 2 
Blast phase 
Hemoglobin (g/dl) 12.5 9.0 8.7 
Platelets (x 10°/L) 405 50 13 
WBC {x 10°/L) 86 23 2.3 
Biasts (%) 41 61 34 
Bone marrow 
Blasts (%) 18 90 80 
Morphology Nonlymphoid Nonlymphoid* Nonlymphoid* 
TdT Negative Negative Negative 
Megakaryocytes 
Number Increased Decreased Decreased 
Merphology Abnormal Normal* Normal* 
Treatment and response VP —» NR VPD --> NR, VP — NR, 
DAT —> NR DA, HDAC -+ NR 
Survival imo) 1 1 2 
Overall survival (mo) 46 37 64 
Abbreviations: V, vincristine: P, prednisone; D, doxorubicin: A, cytosine arabinoside; T, 6-thioguanine: HDAC, high-dose cytosine arabinoside: NR. no 


response. 
*Bone marrow aspirates could not be obtained because of fibrosis; blast cell features were determined frorn peripheral blood samples, and 


megakaryocyte morphology could not be assessed fully. 


athy. Patients 1 and 3 had an identifiable accelerated phase, 
during which patient 1 underwent splenectomy (spleen 
weight, 3.16 kg at removal) and patient 3 was treated with 
fluoxymesterone. Following onset of the blast phase, each 
patient died within 2 months despite vigorous attempts at 
remission induction. 

Blast cells fram the bone marrow (patient 1) or peripheral 
blood (patients 2 and 3) at the time of blast phase had a 
nonlymphoid morphology and were terminal deoxynucleoti- 
dyl transferase (TdT)-negative in each case. Patient 1 had a 
relatively high platelet count of 405 x 10°/L during the blast 


phase, and his bone marrow and blood contained large 
numbers of micromegakaryocytes. The platelet count was 
not elevated in either of the other two patients. 

Cytogenetic analyses. The results of cytogenetic analy- 
ses are summarized in Table 2 and are illustrated in Fig 1. 
Patient | was studied at three times during the course of his 
disease. The first study was performed during the chronic 
phase, 19 months following diagnosis. All 19 bone marrow 
cells examined had only a typical t(9;22){q34:q11). The 
patient subsequently entered an accelerated phase character- 
ized by weight loss and increasing splenomegaly, which was 


Table 2. Results of Cytogenetic Studies of Three Patients With 1(3:21)}(q26:q22) and CML 


No. of 
Patient Phase Metaphase 
No. of Disease Source Celis Examined 

1 Chronic BM, 24h 9 
BM, 48 h MTX 10 

Accelerated BM, 48 h MTX 13 

Blast PR, 24h 13 

2 Biast PB, 24h 22 

3 Blast PB, 24h 19 





Karyotype 
46. XY ,1(9:22)}{q34:q1 1)(100%)} 


46, XY,1(9;22}(q34:q1 1}(100%) 

46, XY ,1(9;22}q34:q1 1H46%)/46,XY (3:2 1Nq26:q22}, 
t(9:22)(q34:q1 154%) 

48, Y,1(X;9:22}(p22:q34;q1 1),+8, + 11,48q),113:2 1) 
{q26;q22}95%)/49,Y,X:9:22)p22:q34-q11},4+8, + 11, 
(8q),t(3;2 1q26:q22), + der(22)1(9;22Nigq34-q1 16%) 

46, XY,1(3:2 1q26:q22),1(9:22)(q34:q1 1H 16%)/48 XY, 

+ 15,t(3;2 1}(q26:422),19;22}(q34:q1 1), + der{22)19: 23) 
(q34:q1 168%)/48,XY, + 15,del{7iq32q36),t13;2 1} 
(q26:q22),1(9;22q34;:q1 1), + der(22)t(9:22}( 434-01 118%) 


PA EEAO AIRAA AA aaa cca 


Abbreviations: PB, peripheral blood: BM, bone marrow aspirate; 24 h, cells cultured for 24 hours; 48 h MTX, cells cultured for 48 hours in 
phytohemagglutinin-stimulated leukocyte-conditioned medium and synchronized with methotrexate. 
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refractory to systemic oral chemotherapy. Still, all 13 bone 
marrow metaphase cells studied had only a t(9;22). At the 
time of blast phase, however, two related pseudodiploid lines 
were present; 6 of 13 metaphase cells from the peripheral 
blood contained a t(9;22) as the only abnormality, and the 
remaining 7 contained a t(3:21)(q26;q22) in addition to the 
(9:22). 

Peripheral blood from patients 2 and 3 was studied in our 
laboratory at the time of blast phase. In patient 2, the 
predominant clone, comprising 21 of 22 metaphase cells 
studied, had 48 chromosomes. A three-way translocation, 
t(X;9;22)(p22:q34:q11), which is a variant of the standard 
t(9;22), was present. In addition, these cells had extra 
chromosomes § and | 1, an isochromosome of the long arm of 
one chromosome 8 homolog, and a t(3;21)(q26;q22). The 
remaining cell had 49 chromosomes and contained these 
abnormalities as well as a second Ph’. Three related sub- 
clones were found in patient 3; one was pseudodiploid and the 
other two were hyperdiploid. The simplest of these subclones 
had 46 chromosomes and had a standard (9:22) and a 
((3;21)(q26;q22) as the only abnormalities. The two other 
subclones had undergone further evolution, with one contain- 
ing an extra chromosome 15 and a second Ph’, and the other 
containing these abnormalities plus a deletion of a part of the 
long arm of one chromosome No. 7 [del(7)(q32q36) |. 

DNA analysis, At the cytogenetic level of resolution, the 
locations of the breakpoints of the t(3;21) at bands 3q26 and 


21q22 correspond to the mapped positions of the 7FRC 


gene” and of the human homolog 2 of the ets sequence of the 
transforming avian erythroblastosis virus E26 (ETS2),”’ 
respectively. To determine whether the 7FRC or ETS2 gene 
loci were rearranged as a consequence of the translocation, 
we performed Southern blot analysis of DNA from periph- 
eral blood cells of patient 1; placental DNA was used as a 
control. DNA, which had been digested with EcoRI, 
HindIII, or Pvull, was hybridized sequentially to two TFRC 
probes and an ETS2 probe. The sample had been obtained at 
blast phase, concurrently with the sample used for cytoge- 
netic analysis. The WBC count at that time was 86.4 x 
10°/L; of these cells, 41% were blasts and 36% were micro- 
megakaryocytes. Only germline restriction fragments were 
detected with the probes. Thus, in this patient, there was no 


RUBIN ET AL 


Fig 1. Partial karyotypes of three metaphase cells dem- 
onstrating the t(3:21) and the t(9;22) or t(X;:9:22). The 
rearranged chromosomes are located on the right of each 
pair of homologs and are identified with arrows. (A) Patient 
1: G-bands by trypsin using Giemsa. (B) Patient 2: R-bands 
by fluorescence using chromomycin-A,-methyl green. (C) 
Patient 3: Q-bands by fluorescence using quinacrine. 


evidence for a translocation breakpoint within the 7F RC or 
ETS2 gens. 


DISCUSSION 


We identified an identical t(3;21)(q26;q22) in three male 
patients with Philadelphia chromosome-positive CML dur- 
ing blast phase. In one patient, whom we studied serially, we 
showed that the translocation has occurred in association 
with the development of the blast phase as the result of clonal 
karyotypic evolution. We have not observed a t(3:21) in 

-500 other patients with CML in the chronic phase (M. M. 
Le Beau and J. D. Rowley, unpublished observations). A 
review of the literature and of Mitelman’s Catalogue of 
Chromoscme Aberrations in Cancer” failed to reveal any 
other cases with a t(3;21)(q26;q22). One patient has been 
reported as having a t(3;21)(q12:q22) in the blast phase of 
CML”; however, the breakpoint on chromosome 3 differs 
from that in our cases. Thus, we have identified a new 
recurring abnormality associated with the blast phase of 
CML. 

The t(3 21) is not entirely specific for CML, however; the 
Same rear-angement has been observed as the only abnor- 
mality in tone marrow from two other patients studied in our 
laboratory, both of whom developed a myelodysplastic syn- 
drome following cytotoxic chemotherapy for a prior malig- 
nancy (M. M. Le Beau and J. D. Rowley, unpublished 
observations). Because the t(3;21) is likely to be therapy 
induced in these two patients, the same abnormality found in 
the patiencs with CML may also be a result of exposure to 
mutagenic agents rather than a spontaneous evolutionary 
event. All three patients with CML and a 1t(3;21) had 
received chemotherapy during the chronic phase; two of 
these received the alkylating agent busulfan. 

The breakpoints of the t(3;21) are of interest with respect 
to previously identified cytogenetic abnormalities in leuke- 
mia. The breakpoint in 3q26 corresponds to one of the 
breakpoints in the t(3;3)(q21;q26) and the inv(3)(q21q26), 
both of which are associated with ANLL and abnormal 
megakaryocytopoiesis.'*'*°*' Patient 1 had a high platelet 
count and numerous micromegakaryocytes in his bone mar- 
row in the blast phase, reminiscent of the findings in ANLL 
patients with t(3;3) or inv(3). In contrast, patients 2 and 3 
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had low platelet counts and a marked reduction of morpho- 
logically identifiable megakaryocytes in the marrow at blast 
phase, suggesting that factors other than a breakpoint at 
3q26 are important in determining the presence of mega- 
karyocyte abnormalities. A breakpoint in 3q21, rather than 
3q26, in the blast phase of CML has been proposed to be 
associated with a high platelet count and abnormal mega- 
karyocytes. Bernstein et al reported two patients who had 
secondary cytogenetic abnormalities involving 3q21 at the 
time of blast phase of CML.” One had an inv(3)(q21q26) 
like that seen in ANLL, and the other had a t(3:9)(q21:q34); 
both had elevated platelet counts and numerous micromega- 
karyocytes at the time of blast phase. The common break- 
point in these two cases is 3q21. In the present report, the 
findings in patient | suggest that a breakpoint at band 3q26 
without a 3q21 abnormality may also influence the mega- 
karyocytes in certain cases; however, additional examples are 
needed for confirmation of this possibility. 

The breakpoint in the t(3;21) at band 21q22 also corre- 
sponds to one breakpoint in another specific abnormality 
found in ANLL, namely, the t(8:21)(q22;q22).* The t(8;21) 
has not been identified in any reported cases of CML. 
Alimena et al, however, tabulated 256 breakpoints observed 
during blast phase of CML and found a cluster of eight 
occurring at 21q22,” suggesting that this may be an impor- 
tant site with respect to progression of CML. 

By analogy to other recurring chromosomal rearrange- 
ments in human leukemia that have been studied at the 
molecular level, the consistency of the breakpoints in the 
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t(3;21) implies that specific genes in bands 3q26 and 21q22 
participate in this rearrangement. Furthermore, the t(3;21) 
may play an important role in disease progression. The latter 
is suggested by the absence of the t(3;21) during the chronic 
phase in patient | and by the presence of the t(3;21) at blast 
phase as the only chromosomal rearrangement other than the 
t(9;22) in the primary clone in patients 1 and 3. Therefore, 
an investigation of this abnormality at the DNA level might 
be helpful for an understanding of the basis for the conver- 
sion of CML from chronic to blast phase. Our initial 
approach has been to determine by standard Southern blot 
analysis whether 7FRC or ETS2, which have been localized 
near bands 3q26” and 21q22,”’ respectively, was rearranged 
in DNA from patient 1. By using this method, we did not find 
abnormalities of either gene; however, new techniques such 
as pulsed-field gel electrophoresis, by which one can examine 
very large regions of DNA, may allow detection of rear- 
rangements located farther away from these genes.” 
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Recombinant Gibbon Interleukin 3 Supports Formation of Human Multilineage 
Colonies and Blast Cell Colonies in Culture: Comparison With Recombinant 
Human Granulocyte-Macrophage Colony-Stimulating Factor 


By Anne G. Leary, Yu-Chung Yang, Steven C. Clark, Judith C. Gasson, David W. Goide, and Makio Ogawa 


The genetic sequences encoding the gibbon and human 
interleukin 3 (IL 3) proteins were molecularly cloned. The 
amino acid sequence of the mature gibbon iL 3 protein 
proved to share 93% homology with the corresponding 
human protein. We examined the effects of biosynthetic 
(recombinant) gibbon IL 3 on the proliferation and differen- 
tiation of an enriched population of human hematopoietic 
progenitors and compared the results with the effects of 
recombinant human granulocyte-macrophage colony-stim- 
ulating factor (GM-CSF). Gibbon IL 3 supported the forma- 
tion of various types of single lineage as well as multi- 
lineage colonies by My-10° bone marrow cells in the 
presence of human erythropoietin {Ep}. In contrast, recom- 


EMATOPOIETIC CELL proliferation and differen- 

tiation in semisolid culture is supported by protein/ 
glycoprotein hormones called colony-stimulating factors 
(CSFs). CSFs are produced by a variety of tissues and 
include CSF-1, a macrophage CSF,' granulocyte-macro- 
phage CSF (GM-CSF), granulocyte CSF (G-CSF)’ and 
interleukin 3 (IL 3).* These CSFs have been purified, and the 
genes encoding the proteins have been molecularly cloned. 
Whereas CSF-1 and G-CSF act primarily on monopotent 
progenitors, murine IL 3 and GM-CSF have been reported to 
support proliferation of multipotential progenitors. Murine 
IL 3 was purified by Ihle et al’ in 1982 and subsequently was 
shown to support formation of multilineage colonies’ and 
blast cell colonies in culture.*’ Recently, the genes for gibbon 
and human IL 3 were identified using expression cloning 
techniques, and the gibbon IL 3 has been expressed in Cos-1 
monkey cells.* Comparison of the amino acid sequences of 
the human and gibbon proteins revealed that they are 93% 
homologous.® This extensive homology suggests that gibbon 
and human IL 3 may be functionally similar. 

Using granulocyte-macrophage colony formation in agar 
as an assay, murine GM-CSF was initially purified from 
medium conditioned by mouse lung tissue.” Subsequent 
studies carried out by Metcalf et al’ and in our laboratory" 
suggested that it is capable of supporting proliferation of 
multipotential progenitors. Emerson et al'' reported that 
human GM-CSF supports proliferation of multipotential 
progenitors. In this report, we examined the effects of gibbon 
recombinant IL 3 on hematopoietic colony formation by 
highly enriched human bone marrow cells and compared the 
results with the effects of human recombinant GM-CSF in 
culture. 


MATERIALS AND METHODS 


Recombinant factors. The recombinant gibbon IL 3 used in this 
study was obtained by transfecting monkey Cos-1 cells with gibbon 
IL 3 cDNA clone, pCSF-MLA. Five micrograms of pCSF-MLA 
DNA was used to transfect a 100-mm dish of Cos-1 cells by 
diethylaminoethanol (DEAE) Dextran—~mediated DNA transfection 
with the addition of 0.1 mmol/L chloroquine. >"? Conditioned media 
(CM) from transfected Cos-1 cells were harvested 72 hours after 
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binant human GM-CSF supported the formation of single- 
lineage colonies and only a small number of muitilineage 
colonies. Both IL 3 and GM-CSF had significant erythroid 
burst-promoting activity (BPA). Delayed addition of gibbon 
i. 3 to low serum culture of My-10° marrow ceils 
supported the formation of blast cell colonies with variable 
but high replating capability. Human GM-CSF was less 
effective than IL 3 in support of multipotential blast ceil 
colonies. These results are analogous to the effects of 
murine IL 3 and GM-CSF on murine progenitors and sup- 
port the notion that the primary factor for multipotential 
progenitors is IL 3. 

© 1987 by Grune & Stratton, inc. 


transfection. The concentration of IL 3 was estimated to be 100 
nmol/L according to the bioassay developed by Griffin et al.” 

Human GM-CSF was purified as previously described’*"* from 
serum-free medium conditioned by monkey Cos-! cells transfected 
with human GM-CSF cDNA clone, p91023(B). The purified GM- 
CSF appeared as a single protein band of 22,000 mol wt on sodium 
dodecy! sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), 
the same mol wt as the purified natural GM-CSF." Protein concen- 
tration was estimated by amino acid analysis. 

Methylcellulose cell culture. Bone marrow cells were aspirated 
from the posterior iliac crest of healthy adult volunteers and placed 
in 16-mL Falcon tissue culture tubes containing 400 U of preserva- 
tive-free heparin (Invenex Laboratories, Melrose Park, IL). The 
donors were advised of the risks of marrow aspiration and gave 
informed consent. These studies were approved by the Institutional 
Review Board for Human Research. Mononuclear cells were iso- 
lated by use of Ficoll-Paque (Pharmacia, Piscataway, NJ), and the 
nonadherent fraction was separated by overnight adherence to 
plastic. Samples were further enriched for colony-forming cells by 
positive indirect immune adherence using human progenitor cell 
antibody (HPCA) (Becton Dickinson, Mountain View, CA) which 
is the commercial preparation of monoclonal anti-My-10 antibody,” 
and the “panning” technique of Engleman et al.” Details of this 
procedure have been reported previously.” 

Panned My-10* bone marrow cells were cultured in 35-mm Lux 
suspension culture dishes (Miles Laboratories, Naperville, IL) using 
a modification of the technique of Iscove et al? One milliliter of 
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culture consisted of 2,000 My-10* bone marrow cells, a-medium 
(Flow Laboratories, Rockville, MD), 1.2% of 1,500 centipoise 
methylcellulose (Fisher Scientific, Norcross, GA), 30% fetal calf 
serum (FCS) (Flow Laboratories), 1% deionized bovine serum 
albumin (BSA) (Sigma Chemical, St Louis), 5 x 10°° mol/L 
mercaptoethanol, 2 U/mL human urinary erythropoietin (Ep) with 
a specific activity of 370 U/mg protein (kindly provided by Dr 
Makoto Kawakita, Kumamoto University School of Medicine, 
Japan) and variable concentrations of IL 3 and GM-CSF. Dishes 
were incubated at 37°C in a humidified atmosphere of 5% CO, in 
air. On days 14 through 16 of incubation, the types and sizes of the 
colonies were estimated in situ. Abbreviations for colony types were: 
GM, granulocyte and/or macrophage colonies; Meg, megakaryo- 
cyte colonies; Eo/Baso, eosinophil and/or basophil colonies;”® E, 
erythroid bursts; and E-mix, mixed colonies containing erythroid 
cells. When cytologic confirmation was required, colonies were 
individually lifted from methylcellulose by an Eppendorf micropi- 
pette and slides were prepared using a cytospin centrifuge (Shandon 
Southern Instruments, Sewickley, PA). Slides were stained with 
May-Grunwald-Giemsa (Gallard Schlesinger Chemical, Carle 
Place, NY) for differential counting.” 

Blast cell colony formation. The factors were also tested for 
their capacity to support blast cell colony formation using a tech- 
nique we developed recently.” In brief, 1 x 10* panned My-10* bone 
marrow cells were plated in methylcellulose culture containing: 
a-medium; 2% FCS; 1% crystallized, deionized BSA: 5 x 1075 
mol/L mercaptoethanol; and 300 ug/mL fully iron saturated human 
transferrin (98% pure) 160 g/mL soybean lecithin 96 ug/mL 
cholesterol, and 10~’ mol/L sodium selenite (Sigma). On day 14 of 
incubation, 0.1 mL of a 1:50 dilution of IL 3 or 10 or 1 nmol/L 
GM-CSF was layered over the culture, and the dishes were exam- 
ined daily for the appearance of blast cell colonies between days 21 
and 32. 

When identified, blast cell colonies were replated in culture for 
confirmation of their ability to form secondary colonies. For these 
experiments, blast cell colonies were individually lifted from the 
culture and suspended in 100 uL a-medium. The samples were 
gently pipetted and then added to 0.9 mL methylcellulose medium 
containing 30% FCS, 1% deionized BSA, 2 U/mL Ep, and 30% 
C5MJ CM.” Cultures were incubated at 37°C and 5% CO, in air. 
When colonies appeared to have matured (generally after 12 to 16 
days of culture), individual colonies were prepared for differential 
counting as descibed above. 


RESULTS 


Colony formation supported by IL 3 and/or GM- 
CSF. First, we carried out titration of IL 3 for colony 
formation in culture. Two thousand My-10* marrow cells 
were plated in cultures containing different dilutions of IL 3 
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preparations and 2 U/mL Ep. As controls, cultures were also 
prepared with conditioned medium from nontransfected 
Cos-1 cells (mock) plus Ep, C5MJ CM plus Ep, or Ep alone. 
C5MJ suports a wide variety of colony types, including 
mixed colonies.” The results are presented in Table 1. 1L 3 
preparaticns ranging from 1:50 dilutions to 1:5,000 dilutions 
supported formation of various types of single lineage as well 
as multilineage colonies. Although the number of colonies 
supported by three different dilutions of IL 3 were similar, 
the colonies were smaller in the 1:5,000 dilution of IL 3 than 
those grown in higher concentrations of IL 3. Most notably, 
the larges- colonies in all categories were smaller in 1:5,000 
dilutions than in 1:500 dilutions. Based on these observa- 
tions, the 1:500 dilution was chosen as the standard concen- 
tration. The concentration of IL 3 in this dilution was 
estimated to be 200 pmol/L (described in the Materials and 
Methods section). The mock CM plus Ep or Ep alone 
supported only occasional GM colonies or clusters in the 
My-10* fraction of cells. 

In the next experiment, My-10* marrow cells were plated 
in quadruolicate cultures in the presence of Ep, GM-CSF, 
and/or IL 3. The results are presented in Table 2. To confirm 
that 100 pmol/L GM-CSF is the optimal concentration for 
colony formation, marrow cells were cultured in five dif- 
ferent concentrations of GM-CSF. As has been shown by 
Tomonage et al,” this concentration of GM-CSF was the 
optimal cencentration for colony formation. A 1:500 dilution 
(~200 pmol/L) of IL 3 and Ep supported formation of 
various types of colonies, including E-mix colonies. A repre- 
sentative mixed colony containing macrophages, eosinophils, 
and erythrocytes is shown in Fig 1. In contrast, GM-CSF 
rarely supported formation of E-mix colonies. As demon- 
strated by a number of investigators,*~* GM-CSF in all 
concentrations augmented formation of erythroid bursts in 
culture. Mock CM and Ep failed to support formation of 
erythroid bursts. 

Cytologic analysis of lineage expression. For determi- 
nation of the precise lineages expressed in the colonies in 
culture, 2,000 My-10° marrow cells were plated in each dish 
with [L 3 plus Ep or GM-CSF plus Ep, and on days 14 
through 16 of incubation, colonies in each group were 
individually analyzed for their cellular composition. The 
results are presented in Table 3. In two separate experiments, 
most colonies supported by GM-CSF were single-lineage 
colonies. A 100-fold increase in the concentration of GM- 


Tabie 1. Colony Formation From MY-10° Marrow Cells Supported by IL 3 and Ep 








Factors GM EO/BASO E E-MIX Total 
C5MJ CM 14 4 13 5 36 
(50-700) * (1,000-2,000) (10€-4,000) {(500-3,000} 
IL 3 (1:50) 22 5 13 4 44 
(50-700) {700-1,000) {20C-2,500) (1,000-2,000) 
i. 3 {1:500} 23 6 11 4 44 
(50-2,000} (300-2,000) (30C-2,000) (200-5,000} 
iL. 3 (1:5,000) 26 4 13 3 46 
(30-300) (100-1,000) {10C- 1,000) {300-17,000) 








Average of colony numbers in duplicate cultures. Concentrations of IL 3 ranged from 1:55 to 1:5,000 dilutions, and Ep was constant at 2 U/mL. 


*Numbers in brackets represent range of estimated size of colonies. 
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Table 2. Colony Formation From MY-10° Marrow Cells Supported by Ep and GM-CSF or IL 3 
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Factors GM E EQ/BASO E~MIX MEG Total 

GM-CSF (10 nmol/L) 26 +3 6 +2 6+3 0 2+1 40 +3 
GM-CSF (1 nmol/L} 26 +3 5+2 6+1 Tif 3+ 1 40 +2 
GM-CSF (100 pmol/L) 31+6 9+ 1 6 + 2 t+ 1 221 49 +5 
GM-CSF (10 pmol/L} 20 + 2 8:3 Bi 2 fti 322 37 4B 
GM-CSF (1 pmol/L) 16+ 3 B+ 1 2+1 T+ +1 28 + 4 
iL 3 (1:500)* 2} 22 81 B+2 P44 iż 1 AZ E2 
Mock conditioned medium 31 0 0 0 G CE 

42 +5 B+ 1 A+ 7i te] 62 +48 


C5MJ conditioned medium 








Mean + SD of colony numbers per dish in quadruplicate cultures. Concentration of Ep was 2.0 U/mL. 


*Concentration of IL 3 was estimated to be 200 pmol/L. 


CSF showed no difference in the number and types of 
colonies. IL 3 plus EP supported formation of many types of 
multilineage colonies, including pentalineage colonies. In 
contrast, only a few mixed colonies were supported by 
GM-CSF plus Ep. 

Blast cell colony formation. In 8 experiments using 8 
separate marrow samples, 67 blast cell colonies were identi- 
fied in 50 culture dishes receiving delayed addition of IL 3. 
Thirty-one of 48 replated blast cell colonies yielded second- 
ary colonies in the presence of CSMJ CM plus Ep. The size 
of blast cell colonies ranged from 21 cells to 41 cells/colony, 
and the percentage of replating efficiencies of the positive 
colonies ranged from 11% to 65%. As shown in Table 4, 
secondary colonies included single-lineage colonies such as 
neutrophil (n), macrophage (m), eosinophil (e), basophil (b), 
or erythrocyte (E) colonies as well as many bilineage and 
trilineage colonies. Occasional tetralineage secondary colo- 
nies revealed all four leukocyte lineages. Two concentrations 
of GM-CSF were tested for their ability to support blast cell 
colony formation. When 13 blast cell colonies were replated 
in C5MJ CM plus Ep, only two colonies produced secondary 
colonies revealing n, m, or nm lineages. When a tenfold 
higher concentration of GM-CSF was used, four of ten blast 
cell colonies produced secondary colonies, including eosino- 
phil colonies. Most blast cell colonies supported by GM-CSF 


Fig 1. <A typical mixed colony sup- 
ported by IL 3 contains macrophages, 
eosinophils, and erythrocytes. 


apparently do not possess significant proliferative capacity 
and probably consist of progenitors committed only to the n, 
m, and e pathways. 


DISCUSSION 


Despite extensive search by a number of investigators, the 
gene for human IL 3 eluded identification until recently. 
Using *H-labeled thymidine uptake by blast ceils from 
patients with chronic myelogenous leukemia‘ as an assay in 
expression cloning, an IL 3 gene was identified from a cDNA 
library prepared from a gibbon lymphosarcoma cell line.” 
This gibbon cDNA was used as a probe to identify and clone 
the gene for human IL 3.* The nucleotide sequence of the 
coding region of gibbon IL 3 proved to share 96% homology 
with the human IL 3 sequence.” From this observation it was 
deduced that the protein from the two species differ by l1 
amino acids, 9 of which reside in the mature protein 
sequence. We found gibbon IL 3 to be active on purified 
human progenitors. The results presented in this article 
suggest that the function of gibbon IL 3 will be similar to 
human IL 3 since in the presence of Ep gibbon IL 3 
supported formation of all types of single-lineage colonies, 
multilineage colonies, and multipotential blast cell colonies. 

A controversy exists regarding the targets of murine and 
human GM-CSF. Murine GM-CSF was originally consid- 
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Table 3. Cytologic Analysis of Lineages Expressed by Colonies Supported by IL 3 Plus Ep or GM-CSF Plus Ep 


Sampie 1 
GM-CSF 
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Lineages 
n m b è E M IL 3 T nmol/L 
+ 
+ 18 16 
+ 1 
+ 2 2 
+ 4 5 
+ 2 3 
+ + 2 
+ + 
+ + 1 
+ -+ 1 
+ + 2 1 
+ + 71 
+ + 1 
+ + + 
+ + 4- 2 
+ + -+ 
u + + 1 
+ + + 
+ + + 1 
+ + + + 1 
+ + + + 1 
+ + + + + 
+ + + + + 
Total 38 30 





Abbreviation of lineages are as recommended by a UCLA Workshop (30). 





Sample 2 
GM-CSF 
100 pmol/L iL 3 10 nmol/L 1 pmol/L 100 pmol/L 
1 1 1 2 1 
18 14 17 20 18 
2 1 1 
2 3 5 4 7 
5 5 8 7 9 
2 2 3 4 3 
3 2 3 3 
1 
1 
4 1 2 
1 
1 
2 1 
1 
1 
2 
1 
1 
1 
29 42 41 A? 44 





All colonies in a single dish containing 2,000 My-10* celis were individually analyzed. 


ered specific for the GM pathways. Most recently, Kajigaya 
et al” reported that recombinant murine GM-CSF is 
restricted to the GM pathways. In contrast, Metcalf etal in 
1980’ reported that purified murine GM-CSF supports a few 
cell divisions of multipotential progenitors. They also demon- 
strated that very high concentrations of recombinant murine 
GM-CSF support formation of eosinophil colonies, macro- 
phage colonies, and E-mix colonies.” Recently, we showed 
that murine GM-CSF supports formation of multipotential 
blast cell colonies.” Comparison with the blast cell colony 
formation supported by IL 3, however, suggested that the 
progenitors for the blast ceil colonies that respond to GM- 
CSF represent only a subpepulation of those responding to 
IL 3. 

Human GM-CSF is generally believed to support prolifer- 
ation and maturation of neutrophil, macrophage, and eosino- 
phil progenitors.” Controversy exists regarding additional 
functions of human GM-CSF in hematopoiesis. Investigators 
at Harvard University''**> reported that human GM-CSF 


is capable of supporting multilineage colony formation and 
possesses significant erythroid burst potentiating activity 
(BPA). In contrast, Metcalf et al” reported only minimal 
amounts of such activities. We have shown that human 
GM-CSF and human Ep supports formation of all types of 
single-lineage colonies, including basophil and megakaryo- 
cyte colonies. Our data corroborated those on human GM- 
CSF of Kaushansky et al% regarding the support for 
megakaryocyte colony formation. Our observation also cor- 
roborates the observation by Donahue et al” and Sieff et al” 
that human GM-CSF possesses significant BPA in vitro. The 
observed phenomena may not be solely due to the direct 
action of human GM-CSF because the culture media con- 
tained FCS, Ep , and BSA. Although My-10* bone marrow 
cells were highly enriched for progenitors, they were not a 
pure population of progenitor cells. 

Both IL 3 and GM-CSF supported formation of multi- 
lineage colonies. Cytologic examination of individual colo- 
nies revealed, however, that gibbon IL 3 is far more effective 


Table 4. Summary of Blast Cell Colony Formation by IL 3 or GM-CSF 








Incidence of Positive Colonies Piating Lineages in 
Factor Biast Cell Colonies in CSMJ Efficiency Secondary Colonies 
iL 3* 67 colonies/51 dishes 31/48 11%-65% n,m, e, b, E, nm, me 
eb, eE, mE, meE, nmeb 
GM-CSF (100 pmol/L) 19 colonies/40 dishes 2/13 14%-20% n,m, am 
GM-CSF (1 nmol/L) 10 colonies/20 dishes 4/10 18%-63% n,m, e, nm 





*Concentration of IL 3 in each dish was a 1:500 dilution, which is ~200 pmol/L. 
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than human GM-CSF in supporting the proliferation of 
multipotential progenitors. Whereas a number of multipo- 
tential blast cell colonies were identified in cultures receiving 
delayed addition of IL 3, fewer blast cell colonies were 
supported by GM-CSF and yielded secondary colonies. The 
secondary colonies were restricted to neutrophil, macro- 
phage, and eosinophil lineages. These observations are analo- 
gous to the reported results of murine factors on multipoten- 
tial progenitors.”'° Our previous data suggested that the 
progenitors for murine blast cell colonies responding to 
murine GM-CSF represent only a subpopulation of those 
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responding to murine IL 3.'° Human multipotential progeni- 
tors that respond to GM-CSF may also represent a small 
subpopulation of multipotential progenitors sensitive to 
IL 3. 
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Molecular Characterization of Chromosome 7 Long Arm Deletions 
in Myeloid Disorders 


By Juha Kere, Tapani Ruutu, Reino Lahtinen, and Albert de la Chapelle 


Partial deletion of the long arm of chromosome 7 is a 
common abnormality in the bone marrow cells of patients 
with myelodysplastic syndrome (MDS) or acute nonlym- 
phocytic leukemia (ANLL). This study was undertaken to 
characterize the chromosome breakpoints in molecular 
terms and to determine if hemizygosity or submicroscopic 
deletions occur in patients without any cytogenetically 
detectable abnormality of chromosome 7. We studied 
restriction fragment length polymorphisms with 10 chro- 
mosome 7-specific DNA probes in separated WBC frac- 
tions. No molecular abnormalities occurred in lymphocyte- 
derived DNA. Several probes located in band 7q22 or 
distally thereof detected deletion of one allele in granulo- 


ARTIAL DELETION of the long arm of one chromo- 
some 7 is a common recurrent chromosome abnormal- 
ity in secondary myelodysplastic syndrome (MDS) or acute 
nonlymphocytic leukemia (ANLL). The abnormality is 
often designated as del(7)(q22) implicating terminal dele- 
tion with breakage in band q22, but other breakpoints and 
interstitial deletions have been described in many patients.'” 
In molecular terms, however, the deletions have not yet been 
characterized. Development of hemizygosity has been dem- 
onstrated in solid tumors as a mechanism possibly contribut- 
ing to the tumorigenesis.”* In this article, we address two 
questions: First, can the cytogenetically observed deletions 
be further characterized with molecular methods, and sec- 
ond, can hemizygosity be observed in patients with two 
cytogenetically normal chromosomes 7. We previously dem- 
onstrated that in MDS or ANLL monosomy 7 or partial 
deletion of the long arm can be detected in blood granulo- 
cytes or monocytes with restriction fragment length poly- 
morphism (RFLP) analysis.’ In the present study, we tested 
10 DNA probes located in different parts of chromosome 7 
for their presence or absence in each of the two chromosomes 
7. We studied four patients with a 7q— chromosome to 
characterize the chromosomal breakpoints in molecular 
terms, and four patients with two apparently normal chromo- 
somes 7 to determine if development of hemizygosity or 
deletions can be detected. Our results provide basic knowl- 
edge about the chromosomal breakpoints in molecular terms 
and confirm heterogeneity of the 7q— chromosome in 
myeloid disorders. 


MATERIALS AND METHODS 


Patients and cytogenetic studies. Eight patients with a hemato- 
logic disorder were studied (Table 1). The study was approved by the 
ethics committee of the Department of Medical Genetics, University 
of Helsinki. Cytogenetic studies of blood and bone marrow speci- 
mens were performed using standard techniques and Giemsa band- 
ing as previously described." 

Specimens and cell separation. Blood (10 to 40 mL) was diluted 
with phosphate-buffered saline (PBS) solution, and the mononuclear 
cells were separated from granulocytes and RBCs within 24 hours of 
sampling by Ficoll density-gradient centrifugation.'* The lympho- 
cyte and granulocyte fractions were recovered as described.” Purity 
of the cell fractions was checked from smears or cytocentrifuge 


Blood, Voi 70, No 5 (Novernber), 1987: pp 1349-1353 


cyte-derived DNA from all four patients with chromosome 
7 long arm deletion. In the granulocytes of one patient 
heterozygosity for the T cell receptor @ chain gene {in band 
7q35) indicated that the deletion was interstitial. NJ-3, a 
proalpha2(Ijcollagen gene probe (in band 7q21-22) 
detected heterozygosity in the granulocytes of one patient. 
No hemizygosity or deletions were found in four patients 
with two norma! chromosomes 7. These results confirm 
that mature granulocytes but not lymphocytes are derived 
from the abnormal clone. Interstitial deletions exist, and 
the extent of deleted genomic material varies among 
patients. 

e 1987 by Grune & Stratton, Inc. 


preparations stained with May-Griinwald-Giemsa or Sudan black 
B. 

DNA probes and molecular studies. High-mol-wt DNA was 
extracted separately from each of the blood cell fractions. A 
standard proteinase K digestion, phenol extraction, and ethanol 
precipitation procedure was used. The RFLP analysis was done 
using previously published methods with minor modifications,’ For 
each experiment, 3 to 5 ug DNA was digested with a restriction 
enzyme according to the instructions. Whole blood DNA samples 
from healthy subjects were included in each experiment as controls. 
Completeness of the digests was confirmed by staining the gels with 
ethidium bromide. Nitrocellulose filters (Schleicher & Schuell, 
Dassel, FRG) were used in Southern blotting. Nick-translation of 
the DNA probes was done using an Amersham N.5000 kit. Hybrid- 
ization was at 65°C for 19 to 24 hours. The autoradiograms were 
scanned using a laser densitometer (LKB 2202 Ultroscan, Bromma, 
Sweden) to quantitate the strength of the allelic bands. 

The chromosome 7-specific DNA probes used in this study are 
listed in Table 2. All patients were tested for RFLPs using whole 
blood-, lymphocyte-, and granulocyte-derived DNA samples. 


RESULTS 


Cytogenetic studies. By conventional cytogenetic analy- 
sis of bone marrow mitoses, patients | through 4 each had a 
partial deletion of chromosome 7 in addition to other abnor- 
malities (Table 1, Fig 1). In patients | and 2, only the 
abnormal clone was found; in patients 3 and 4, mitoses with a 
normal karyotype also occurred. Patients 5 through 8 had 
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Table 1. Clinical and Cytogenetic Findings in Patients 


Ht 


Sex/Age Diagnosis History 
Patient at Study Age at Diagnosis of Exposure 
1 F/77 RAEB/72 CT, RP* 
2 M/82 RAEB/80 none 
3 M/38 ANLL M2/38 CT, RT* 
4 F/40 RAEB/40 CT, RT* 
5 M/61 RA/60 none 
6 M/61 ANLL M2/61 none 
7 F/54 RA/51 none 
8 F/77 PV/77 none 


Bone Marrow Karyotype” at Time of Study 


ee 





46, XX, 7q—, del2OKqi1} = 16 

46, XY, t{2;13)'p21:q12), 7q— = 20 

46, XY = 5/46, XY, 7q— = 15/46, XY, 7q—, del(16){q22) = 
46, XX = 2/44, XX, —17, ~21, del(5}(q13q22), 7q—, 


dei(13}{q12q2 1), del(20}(qi1) = 21 


46, XY = 11/46, XY, del(13ql4q21) = 3 
46, XY = 1/47, XY, +8 =8 

47, XX, +8 = 20 

48, XX, +8, +9 = 22 


CT, chemotherapy; RT, radiotherapy; RP, radiophosphorus; PV, polycythemia vera. 
*Patient 1 had PV; patients 3 and 4 were previously treated for lymphoma. 


other chromosomal abnormalities in the bone marrow but 
two apparently normal chromosomes 7. In patients 3 and 4, 
the deletion was cytogenetically compatible with the desig- 
nation del(7)(q22); this implies a terminal deletion, but the 
presence or absence of a telomeric piece cannot be definitely 
ascertained. In patient 2, the deleted chromosome looks 
longer and could be interstitial with breakpoints at 7q22 and 
q33-34. In patient 1, the deletion also appeared different and 
an interstitial deletion del(7)(pter —> q21::q32-35 — qter) 
was suspected. To accommodate the uncertainty as to the 
cytogenetic definition of the breakpoints, all partially deleted 
chromosomes 7 were designated 7q-—-. Phytohemagglutinin 
(PHA)-stimulated blood mitoses were normal in all 
patients. 

Purity of separated cell fractions. The mononuclear 
nonadherent cell (“lymphocyte”) fraction contained 80% to 
96% lymphocytes in different experiments. In the granulo- 
cyte fraction 66% to 99% of the nucleated cells were neutro- 
phils in different experiments. The fractions were cross- 
contaminated; <9% erythroblasts were present in the 
lymphocyte fractions. The purity of each sample is given in 
the legend to Fig 2. 

RFLP heterozygosity. All patients were heterozygous 
for at least one polymorphism. The constitutional RFLP 
alleles are shown in Table 3. No differences were observed 
between the whole blood-, lymphocyte-, and granulocyte- 
derived DNA samples from patients 5-8. 


Table 2. Chromosome 7-Specific DNA Probes, Proposed 
Localization of Sequences in Chromosome 7, and 
Restriction Fragment Length Polymorphisms 





Restriction Fragment 
Length Polymorphism 





Probe GeneorLocus Localization Enzyme Allele Size (Kbp) Reference 
ASSpC7 ASSP TT 7915 Hindi! 10.1, 5.3 17 
NJ-1 COL 1A2 7421-22 Mspi 2.1, 1.6 18-20 
NJ-3 COL 1A2 7q21-22 EcoRI 13.0,9.5 18-20 
B79a D7813 7q22 Msp! 11.6, 8.4 21 
MetH MET 7qQ22 Msp\ 4.8, 2.3, 1.8 22 
MetH MET 7q22 Tagi 7.5,4.0 22 
MetD MET 7422 Taqi 6.0, 4.4 22 
J3.11 D788 7q22 Mspi 4.1, 1.7 23 
7€22 D7816 7q31 EcoRI 7.2, 5.1 24 
hR-H 7q35 Banii 7.6, 4.8 25 
TCRB TCRB 7q35 Bgit 11.5, 10.0 26-28 





Missing RFLP alleles in patients with deletions. One of 
the MET oncogene alleles was very weak or almost absent in 
the granulocyte fractions of patients | through 3 as detected 
by the MetH probe. In patient 4, the 1.7-kilobase (kb) allele 
detected by probe J3.11 was very weak in the granulocyte 
fraction. Marked reduction in the intensity of one of the 
allelic bands in the granulocyte fraction was also observed 
with probe B79a in patients 1 and 2, with probe 7C22 in 
patients 2 and 3, with probe hR-H in patient 2, and with 
probe TCRB in patient 1. The visual impression was con- 
firmed by densitometry in all cases. The allelic bands of 
patient-derived DNA samples were compared with those of 
healthy controls, and the reduction in intensity was 69% to 
98% (35% to 62% with probe 7C22) in different samples. In 
the whole blood-derived DNA, the weaker allele was always 
stronger than in the granulocyte DNA but weaker than in 
the lymphocyte DNA. in contrast, two alleles of norma! 
strength were observed in the granulocyte-derived DNA 
samples of patients | and 3 with probe ASSpC7 (located in 
the short arm), of patient 2 with probe NJ-3, and of patient | 
with probe TCRB. The results are shown in Fig 2. No 
unexpectec hybridization bands suggesting rearrangements 
were observed. 


CISCUSSION 


Loss of an RFLP allele in the malignant tissue has been 
previously observed in several tumors and hematologic 
malignancies.” The loss may be due to monosomy or 
deletion of part of a chromosome or to hemizygosity without 
visible cytogenetic changes on the molecular level. Weakness 
or absence of chromosome 7-specific RFLP alleles was 
observed in all four patients with a 7q— chromosome. In 
contrast, none of the four patients with two apparently 
normal chromosomes 7 showed weakness of one allele. These 
results are compatible with the cytogenetic analyses of bone 
marrow and PHA-stimelated whole blood cultures. We 
conclude that loss of alleles in the granulocyte fractions was 
due to the presence of a 7q — chromosome in most if not all of 
the blood granulocytes. Weakness instead of absence of 
allelic bands in the granulocyte-derived samples was proba- 
bly due to contamination of the granulocytes with other 
blood cells with two chrcmosomes 7 as shown by the cyto- 
logic stainings (described in legend to Fig 2). Another 
explanation is the coexistence of subsets of granulocytes with 
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Fig1. Partial karyotypes showing G-banded chromosomes 7 from two bone marrow cells. Patients 1 through 4 have a partial deletion 
of the long arm of one homolog of chromosome 7. In patient 1, the deletion could be interstitial del(7)(pter — q21::q32-35 — qter); in 
patient 2, a different interstitial deletion is possible; in patients 3 and 4, the appearance is compatible with a terminal deletion del(7)(q22). 
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Fig 2. Informative Southern blots of patients with a 7q— chromosome. DNA was extracted from separated blood lymphocytes (L) or 
granulocytes (G). Purity of the cell fractions was determined from cell preparations stained with May-Griinwald-Giemsa or Sudan black B: 
Patient 1: L 80%, G 99%; patient 2: L 91%, G 89%; patient 3: L 96%, G 71%; patient 4: L 95%, G 66%. The restriction enzyme and probe are 
shown under each panel. The sizes of the allelic bands are shown in Table 2. Lower right, a schematic representation of the presence of 
one or two allelic bands in granulocyte-derived DNA from patients 1 through 4. Absence or weakness of an allelic band (O); two allelic 
bands (@); patient not informative due to homozygosity (—) (Table 3). 
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Table 3. Constitutional Restriction Fragment Length Polymorphisms of Patients as Determined by Study of Lymphocyte-Derived DNA 





Restriction Fragment Length Polymorphisms 





Patient ASSpC7 NJ NJ-3 879a MetH Met H MetD 43.11 7022 hR- TCRB 
No. Hindit Msp! EcoRI Mspi Mspi Taqi Taqi Msp! EcoRi Banti Bgili 
1 1,2 2 1 1,2 2,3 1,2 1 2 1 2 1,2 
2 1 2 1,2 1,2 2,3 Vide 1 2 1,2 1,2 1 
3 1,2 2 1 2 1,2 1 1 2 1,2 2 T2 
4 1 1 2 2 2 1 1 t,2 1 2 2 
5 ND 2 1 2 2 1 1,2 2 1 ND ND 
6 ND 2 1,2 1 1,3 1,2 1 2 1,2 ND ND 
7 ND 2 1 2 2,3 1,2 j 2 1 ND ND 
8 ND 1,2 2 1,2 2 1 1,2 2 1 ND ND 


Numbers indicate alleles: 1 corresponds to larger fragment, 2 {or 3) to smaller fragment (fragment sizes given in Table 2}. ND, not determined. 


and without a deleted chromosome 7, which may be quite 
likely in patient 3 who had both cytogenetically normal and 
abnormal mitoses in the bone marrow (Table 1). 

Acquired hemizygosity or homozygosity was not observed 
with various chromosome 7-specific markers in patients with 
two structurally normal chromosomes 7. This can be inter- 
preted to suggest that molecular changes did not occur in 
chromosome 7 in these patients. Distinct molecular changes 
involving relevant genes may be present, however, but are not 
necessarily detectable with these probes. Two genes that 
regulate the function of hematopoietic tissue (erythropoietin 
and platelet-derived growth factor) have been mapped to 
chromosome 7%?! and others may still be undetected. The 
nature of the genes on chromosome 7 that may play a role in 
the development of MDS or ANLL is unknown at present. 

Proximal breakpoint. The MET oncogene locus and the 
anonymous probes J3.11 and B79a have all been mapped to 
band 7q22.7’*> These loci were deleted in all informative 
patients with a 7q — chromosome. Provided that the cytoge- 
netic analysis correctly defines the breakpoint to 7q22, our 
results suggest that these probes are in the distal part of that 
band. Probe 7C22 was originally localized more distally 
(band q31) but closely linked with the cystic fibrosis locus.” 
In the granulocyte fraction of patients 2 and 3, however, one 
allelic band detected by probe 7C22 was weak but unex- 
pectedly strong in comparison with the weaker allele 
detected by probes MetH or B79a. We have been unable to 
find a satisfactory explanation for this observation. 

Probe NJ-3 detected two allelic bands of equal intensity in 
the lymphocyte and granulocyte fractions in patient 2 in 
whom deletion was detected with probes B79a, MetH, 7C22, 
and hR-H. The simplest interpretation is that the locus 
detected by probe NJ-3 is proximal of the other loci and not 


included in the deletion in this patient, which is in accor- 
dance with the published localization of the probes?” and 
with our cytogenetic interpretations (Table 1, Fig 1). All 
these loci are linked to the cystic fibrosis locus and map to 
arelatively short segment on the long arm of chromo- 
some 7.20" 

Distal breakpoint. Assuming that not all deletions are 
terminal,’ a distal breakpoint must also be defined. The T 
cell receptor 8 chain gene (TCRB) is located in band 7q35, 
and probe hR-If is closely linked to the TCRB locus.” 
Patients | and 3 were heterozygous for the TCRB polymor- 
phism, and patient 2 was heterozygous for the hR-H poly- 
morphism. In patient 3, one of the two allelic bands detected 
by the TCRB probe was very weak in the granulocyte derived 
sample. A similar finding was obtained with patient 2 using 
the hR-IE probe. These results are compatible with the 
deletion extending distally of TCRB and AR-If, but do not 
necessarily imply a terminal deletion. Patient 1, however, 
showed two equally strong allelic bands with the TCRB 
probe in both lymphocyte and granulocyte fractions. The 
most simple interpretation is that an interstitial segment of 
the chromosome has been deleted and the terminal part 
including TCRB has been retained in patient 1. These results 
are in agreement with the cytogenetic results that show an 
interstitial deletion. We conclude that the 7q— chromosomes 
were different in terms of deleted genomic material in 
different patients and that interstitial deletions exist. 
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Shear Stress Activation of Platelet Glycoprotein IIb/IfIa Plus von Willebrand 
Factor Causes Aggregation: Filter Blockage and the Long Bleeding Time 
in von Willebrand’s Disease 


By J.R. O’Brien and G.P. Salmon 


The article explores the finding that high shear alone 
applied to normal, native blood results in platelet aggrega- 
tion. A filter with tortuous capillary-sized channels permits 
a study of the effect of shearing forces at different pres- 
sures. Native, heparinized, citrated and EDTA blood and 
piatelet-rich plasma (PRP) were forced through the filter. 
Normal and von Willebrand's blood were studied, as were 
the effects of antibodies to platelet glycoproteins (GPr) and 
to von Willebrand's factor (vWf) and of membrane- 
active” drugs. Normally, the filter blocked at 40 mmHg but 
not at 5 mmHg. Transmission electronmicroscopy of the 
filter at 40 mmHg showed blockage by platelet aggregates. 
Initially, the mean transit time through the filter was 8 
milliseconds. Platelet retention in the filter occurred in two 
phases. From O to 3 seconds, only high-shear, vWf, and 


HE LONG TEMPLATE bleeding time at 40 mmHg in 
von Willebrand’s disease (vWd) is not fully understood. 
Ristocetin apart, vW platelets behave normally in most tests, 
but abnormalities are regularly reported in conditions of high 
shear.'* This article explores the paradox that with high 
shearing forces, when it must be difficult to secure hemosta- 
sis, von Willebrand’s factor (vWf) is required. At low 
pressure, evidently other mechanisms are involved. 

If native blood is forced through a polycarbonate Nucle- 
pore filter with 5-um holes, only a few single platelets adhere 
to the upper surface. Thus, the matertal is relatively inert. On 
the underside, massive clumps of platelets are deposited.”” 
Sheared platelets will aggregate and block small holes!” 
and filters.'*'° A thin filter with tortuous capillary-sized 
channels permitted a detailed study of the effects of the 
shearing forces necessary to produce platelet aggregates that 
are retained and block the filter. 


MATERIALS AND METHODS 


The device is shown diagrammatically in Fig 1. The commercial 
filter is made of glass fibers 0.1 to 3.4 wm in diameter; they run in all 
directions (Fig 2), creating tortuous channels of varying geometry 
through the filter. Particles > 10 um in diameter are retained. The 
filter, effectively 9 mm in diameter, is held in a filter holder 
(Nuclepore, Pleasanton, CA). The basic method is as follows. 
Modifications are outlined in the Results section. First, with tap Y 
closed, the air reservoir is filled to the required pressure through X. 
The blood syringe, a 2-mL (sometimes a 5-mL) routine plastic 
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GPriib /Illa were required. From 10 to 20 seconds. retention 
presumab’y involved these three attributes, but divalent 
cations were also essential. Only this phase was inhibited 
by some membrane-active drugs. ADP- and thrombin- 
induced aggregation requires GPriib/Ila and fibrinogen. 
Shear-induced blocking of the filter by blood with a normal 
concentration of fibrinogen requires GPritb/lila and vWf. 
This indicates a different type of exposure of GPrilb/ fia. 
The long bleeding time in vW disease highlights the abso- 
lute requirement for vWf and emphasizes the difference in 
exposure of GPrilb/lila induced by shear stress. Evidently, 
a process similar to that occurring in the filter is required in 
normal capillary hemostasis. 

& 1987 by Grune & Stratton, inc. 


syringe is modified by passing a 16-gauge butterfly needle through 
the rubber flange of the plunger, which remains in the fully extended 
position. Blood, 2 or 5 mL, is aspirated into this syringe by suction, 
with another syringe attached to C in tap Y. A loaded filter holder is 
attached to the blood syringe, and the assembly is clamped over the 
drop counter. A is connected to B, and the blood is forced through 
the filter. The first effluent drop triggers a timer and drop counter, 
and the cumulative drops at 5-second intervals are recorded manual- 
ly. The effluent drops during the first 3 seconds, and those emerging 
between 10 and 20 seconds are collected into EDTA tubes. 

The cumulative drop count can be plotted against time (Fig 3). A 
measure of the progressive rate of slowing--the “drop ratio”——is 
obtained by dividing the average number of drops/S sec recorded 
between 10 and 20 seconds by the initial rate [(drops 10 to 
20/2)/drops 0 to 5] x 100. Thus, a high ratio indicates little 
slowing. 

Platelets and WBCs are then counted in the initial blood or 
platelet-rich plasma (PRP), in the 0- to 3- and the 10- to 20-second 
samples. From these, the percentage of cells retained is calculated 
and, since the the volume of blood at blockage is known | 20 drops = 
i mL), the absolute number of platelets required to block the filter 
can be calculated. 

The standard procedure, unless otherwise specified, was as fol- 
lows. Nine milliliters of blood, collected by a perfect venipuncture, 
were delivered into a polystyrene/polypropylene tube (ao. Z10PS/ 
NL, Sterilin, Feltham, Middlesex, England) in which was 1 mL 
saline containing 40 IU heparin (Weddel, Wrexham, England). 
Aliquots tested within 2 hours gave results similar to those tested 
immediately provided that the blood was stored at room temperature 
and thoroughly mixed for 5 minutes to eliminate RBC rouleaux 
formation. The capped tubes contained 2 mL air, so that any pH 
change was small and constant. The pressure normally was 40 
mmHg, and observations were continued until all the bleod had run 


sec, 

An unused filter was visualized by scanning electronmicroscopy 
(SEM) (Fig 2). For transmission electronmicroscopy of the filters 
after passage of blood or PRP, the filtration was stopped after a 
predetermined time; the filter was removed and plunged within 10 
seconds inte 2.5% glutaraldehyde in 0.1 mol/L sodium cacodylate, 
postfixed in osmium tetroxide, dehydrated, and embedded in Spurr’s 
resin. Despite the glass fibers, routine sections were satisfactory and 
were stained with uranyl acetate and Reynold’s lead acetate. 
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Fig 1. 
the device. 


Diagrammatic representation of 


Chemicals and Antibodies 


The following chemicals were obtained from Sigma, Poole, 
England: aspirin, apyrase (grade VIH), chlorpromazine, and chloro- 
quine. Mepacrine was obtained from Boots, Nottingham, England, 
and cocaine was obtained from May and Baker, Dagenham, 
England. Stypven (Russell viper venom) and prostacyclin (PGI,) 
were kindly presented by the Wellcome Foundation (Dartford and 
Beckenham, England). The antibodies to platelets GPrib and Hb/ 
Illa were kindly supplied by Drs B.S. Coller and W. Nichols and the 
antibodies to vWf were supplied by Dr E.J.W. Bowie. The kit for the 
platelet factor 4 assay was obtained from Abbott Diagnostics, 
Wokingham, Berks, England. Cryoprecipitate was obtained from 
the National Blood Transfusion Service. It was selected to have no 
red cell agglutinins, warmed to 37°C, passed through a standard 
filter in the apparatus to remove any particles, and then added to 
blood warmed to 37°C. 


Patients 


Twenty patients with severe atherosclerosis were studied seven 
times in 3 months. The correlations presented are derived from 
comparisons of the mean value for each individual. (Less complete 
data on normal subjects were similar). 

Sixteen vWd patients were repeatedly examined. They were 
considered to be types I, HA, and B, with factor VUIIC, factor 
VillcAg, and RiCof from 0% to 40%. Multimeric analysis was not 
performed. 





Fig 2. Scanning electronmicrograph of filter (original magnifi- 
cation x 1,800: current magnification x 810}. 


O FR PLATELET COUNT 


Statistics 


The degree of correlation was measured by the produci moment 
correlation coefficient (7). Reproducibility: the relative variability of 
samples was compared using Karl Pearson's coefficient of variation 
(CV). 


RESULTS 
Reproducibility 


Within sample. Four aliquots from each of six people 
were tested at 40 mmHg. The mean CV of the drop count 
between 10 to 20 seconds was 9% + 4%, 

Within patient. Twenty patients with atherosclerosis 
were Studied seven times over a 4-month period. The mean 
CV between these seven samples (10 to 20 seconds) was 
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Fig3. Cumulative drop count plotted against time. (1) Normal 


heparinized blood at 5 mmHg pressure. {2} Normal heparinized 
blood at 40 mmHg; shaded area indicates range (1 3D). (3) Normal 
heparinized PRP at 40 mmHg. (4) EDTA blood at 40 mmHg. (5) von 
Willebrands’ blood. No blockage. {--+}; Filter “blocked” {8}, 
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Between patients. The CV was established by comparing 
the mean of seven samples from each of the 20 patients: 
CV = 23%. 

Platelet retention (10 to 20 seconds) figures were closely 
correlated with drop counts and had similar CVs. 


Pressure 


The crucial influence of different pressures was investi- 
gated first (Fig 3). Aliquots of the same heparinized normal 
blood were forced through the filter at different pressures. At 
40 mmHg, blood initially passed rapidly through (14 + 2 
drops in 5 seconds; n = 40); within 20 seconds, however, 
marked slowing had occurred and on the average, the filter 
blocked in 34 + 12 seconds (n = 40) when 214 x 10° + 62 
{n = 40) platelets had been retained. 

At 100 mmHg, initially on the average, 16 drops were 
forced through the filter but the tracing, platelet retention, 
and blocking were similar to those at 40 mmHg. At 5 mmHg 
(Fig 3), the initial rate was slow, but little decrease in the 
rate occurred (drop ratio 62 + 20) and no blocking occurred 
in the filter, 


Rate of Passage Through Filter 


The volume within the filter was estimated by two meth- 
ods. The filters were filled with water, and the increase in 
weight was 8 mg. The overall dimensions (9 mm in diameter: 
0.26 mm thick) together with the makers’ claim that one-half 
the volume was glass, gave a calculated volume of 8 mm’. 
Two milliliters EDTA PRP and vW PRP at 40 mmHg ran 
through in a continuous stream, and both took 2.1 seconds 
(n = 6). From this, the mean transit time can be calculated 
as 8 milliseconds. Normal heparinized PRP blocks the filter 
in 26 + 7 seconds (n = 7). Before any platelets cause slowing, 
the transit time of normal PRP must be similar to that of 
EDTA or vW PRP. Thus, platelets exposed for 8 millisec- 
onds to these shearing forces aggregate, accumulate, and 
finally block the filter. 


Platelet Aggregation and Filter Blocking 


Sections of the filter were prepared for TEM after 2, 8, 
and 20 seconds of flow, using normal blood or PRP at 5, 40, 
and 100 mmHg. Blood and PRP from vW patients, which do 
not block the filter, were also studied. At 40 mmHg, with 
normal PRP from 3 seconds on, increasing numbers of 
platelets were seen and the great majority of these had 
aggregated, with close apposition of the membranes (Fig 4). 
By 20 seconds, most of the filter was filled with a mass of 
aggregated platelets and some centering of the granules had 
occurred. Some filter fibers were surrounded by platelets, 
but throughout this time period naked fibers were seen with 
platelets close to them but with no apparent adhesion. 
Similarly, there was no apparent interaction of the few 
WBCs retained with the glass fibers or with platelets. 
Sections of normal blood at 40 mmHg were more complex, 
with many RBCs present; again, however, similar masses of 
platelet aggregates were seen. 

At 100 mmHg, the findings were essentially similar to 
those at 40 mmHg. At 5 mmHg, with normal PRP fixed at 
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Fig 4. Normali heparinized PRP passed through this filter at 40 
mmHg for & seconds and fixed within 10 seconds, Many platelets 
are retained, and already extensive close parallel appositon {ag- 
gregation) and early centering of the granules is apparent. Original 
magnification x 29,160; current magnification x 14,000. 


the same times, far fewer platelets were present than at 40 
mmHg. Although there were some sites of close parallel 
apposition of platelet membranes (aggregation), more free 
platelets were apparent. Again there was no evidence of 
active adhesion to the glass fibers. The appearances using 
vWd PRP at 40 mmHg were similar to those of normal PRP 
at 5 mmHg: Few platelets were retained and little aggrega- 
tion was seen (Fig 5). 


Cellular Damage 


Cell damage could lead to leakage of aggregating agents 
from inside the cells. Effluent normal blood was centrifuged: 
the degree of hemolysis varied form 0 to, on occasions, 
0.25%, but this did not correlate with blockage (n = 20). The 
plasma platelet factor 4 before passage was 10.6 ng/mL: 
after passage, the factor 4 was 26 ng/mL (n = 3). This 
increase would occur if 0.2% of platelets were lysed. The 
Stypven time of native blood showed little change (35 
seconds before and 33 seconds after passage: n = 2). Thus, 
mechanical damage was minimal. 


Calcium ard Heparin 


An absolute requirement for divalent cations was shown as 
follows. When native blood was tested at once, blocking 
occurred in 20 + 6 seconds (n = 12). Aliquots (2.5-mL) of 
the same blood collected into citrate (final concentration 
0.38%) did not block the filter but ran through in 33 = 8 
seconds {n = 5). Aliquots collected into liquid EDTA (final 
concentration 0.4%) poured through even faster (22 + 7 
seconds (n = 8)), and few platelets were retained (Fig 3, 
Table 1). 

Blood coilected into heparin (final concentration 4.0 TU/ 
mL) blocked the filter in 34 + 12 seconds (n = 40). Heparin, 
20 IU/mL gave similar results. 
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Fig5. Heparinized PRP from a patient with vWd was passed at 
40 mmHg through the filter for 8 seconds and fixed within 10 
seconds. Few platelets were retained. Few areas of close parallel 
platelet membrane apposition—aggregation are evident. The black 
objects are transected and shattered glass fibers. Original magnifi- 
cation x 29,160; current magnification x 15,450. 


Effect of RBCs and WBCs 


Normal heparinized PRP contained very few RBCs and 
few WBCs (0.3 to 1.2 x 10°/L) and, when tested at 40 
mmHg, the PRP initially poured through in a continuous 
stream, slowing (bending in the tracing is shown in Fig 3) 
was rapid, however, and blocking occurred in 26 + 7 seconds 
(n = 7). Even when the pressure was decreased until the 
initial drop rate of the PRP was similar to that of blood, eg, 
14 drops/5 sec, blocking still occurred at 35 + 5 seconds 
(n = 3). 

WBCs probably do not contribute to filter blocking 
because PRP with a WBC count of 0.3 to 1.5 x 10°/L 
blocked the filter more quickly than did the whole blood with 
a WBC count of 3 to 10 x 10°/L. In patients with WBC 
counts up to 17 x 10°/L results were normal. WBC retention 
was initially 45 + 10% (n = 40) and similar to platelet 
retention (50% + 12%), but between 10 and 20 seconds the 


Table 1. Platelet Retention and Drop Ratio of Normal, vWf, and 


EDTA Blood at 40 mmHg 
Retention (%) 
Blood Drop 
Type n 0-3 s 10-20 s Ratio 
Norma! hep blood 40 6560+12 66+ 15 35 + 11 


Norma! hep blood + cryo 8 78+2 92 +2 30 +9 
vW hep blood 16 28+15 24+ 16° 53+7 
vW hep blood + cryo 8 61+22 83+8 18 + 5 
Norma! EDTA blood 8 50:8 13 + 5* 61+ 11 


vW, von Willebrand's disease; hep blood, blood collected into heparin 


4 IU/mL; + cryo, 0.5 mL cryoprecipitate added to 2.0 mL hep blood; 
EDTA blood, blood collected into 0.4% EDTA 
*Filter did not block; others blocked in <40 seconds. 


WBC retention decreased to 22% + 11% while the platelet 
retention increased (66% + 15%). 

The initial hemoglobin and the WBC count of blood 
correlated with, and so probably influenced, the intitial drop 
rate (r = —.3S and —.41, respectively; n = 20), but they had 
no effect on platelet retention. The percentage of platelets 
retained in 0 to 3 seconds correlate with the percentage 
retained between 10 and 20 seconds (r = .82: n = 20). WBC 
retention 0 to 3 seconds did not, however, correlate with any 
other parameters; on the other hand, WBC retention (10 to 
20 seconds), although low, tightly correlated with the plate- 
let retention (10 to 20 seconds) (r = .70; n = 20). 


vWf 


Neither heparinized nor native blood from 16 patients 
blocked the filter at 40 mmHg; 2.5 mL blood ran through in 
17 + 7 seconds with little slowing (the drop ratio was 53 + 7, 
and platelet and white cell retention was low) (Fig 3, Table 
1). Even at 100 mmHg, there was equally little slowing; 2.5 
mL ran through in 17 + 8 seconds (n = 12). 

Cryoprecipitate, 0.5 mL, added to 2 mL vWf blood raised 
the concentration of vWf from 27% + 8% to 200% + 6% 
(n = 5). Normal blocking occurred rapidly, with norma! 
platelet (Table 1) and WBC retention. 


Inhibition of Blocking (Table 2) 


Inhibition of normal platelet retention and filter blocking 
was explored (a) by altering the temperature, since most 
enzymes are temperature-dependent; (b) by altering specific 
enzyme pathways; (c) by using specific antibodies to cover 
receptor sites on the platelets; and finally (d) by using 
nonspecific membrane-active drugs. All inhibitors were 
added | minute before testing. 

Temperature. Heparinized blood collected in a room at 
37°C and tested at once gave results similar to those obtained 
with aliquots incubated at room temperature for < | hour 
(37°C: 33 + 3 drops at 30 seconds; 22°C: 29 + 4; n = 6). 

Aspirin. When added in vitro, aspirin (10 mmol/L final 
concentration in distilled water) had no significant effect 
(Table 2). When patients swallowed 300 mg aspirin 2 hours 
before venepuncture, the filter results were similar to the 
pre-aspirin tests (n =3). 

Prostacyclin. At high concentration, prostacyclin (dis- 
solved in 50 mmol/L Tris HCI buffer, pH 9.5) had no effect 
on platelet retention at 0 to 3 seconds, but significantly 
inhibited platelet but not WBC retention between 10 and 20 
seconds. The addition of this buffer alone had no effect. 

Apyrase. In the aggregometer, apyrase 1.7 U/mL, dis- 
solved in distilled water abolished aggregation induced by 
ADP mol */L. In the filter, the addition of mol */L to 
heparinized normal blood at 37°C 1 minute before testing 
decreased the blockage time from 30 to 15 seconds (n = 3) 
The addition of apyrase before the ADP completely abol- 
ished the ADP effect. Thus, the apyrase was fully active. 
Added to normal heparinized blood, it had no effect on the 
filter results (n = 6). 

Chloroquine. At a final concentration of 0.15 mmol/L 
this drug, dissolved in distilled water, consistently promoted 
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Table 2. Piatelet and WBC Retention and Drop Ratio in the Presence of Inhibitors 








Platelet Retention WBC Retention 
Addition Concentration n 0-3 s 10-20s Drop Ratio 0-3 s 10-20 s 
Chlorpromazine 1.7 mmol/L 4 95 25* 172" 124 63 
Cocaine 2.9 mmol/L 7 109 54* 156* 105 64 
Chloroquine 1.5 mmol/L 4 108 29* 153* 123 117 
Mepacrine 1.0 mmol/L 4 86 26* 157* 131 130 
PGI, 25 ng/mL 5 119 51° 157* 113 127 
Aspirin 10 mmol/L 4 ~-— 91 108 — 100 
Apyrase 1.7 U/mL 5 125 114 78 88 100 





Results are expressed as mean percentage relative to various control results. A low retention figure and a high drop ratio figure indicate inhibition. 


*p < 0.01 


rapid blocking and platelet retention increased from 65% to 
91% (n = 3). At a concentration of 0.38 mmol/L, no effect 
was noted, but at 1.5 mmol/L platelet retention between 10 
and 20 seconds was reduced to 30% of the control values and 
no blocking occurred. 

Chlorpromazine, mepacrine, and cocaine. Relatively 
high concentrations of chlorpromazine, mepacrine, and 
cocaine dissolved in distilled water produced gross inhibition 
between 10 and 20 seconds, with results similar to chloro- 
quine 1.5 mmol/L. The effect of lower concentrations was 
not explored. 

Inhibition of WBC retention (Table 2). None of the 
inhibitors affected WBC retention between 0 and 3 seconds, 
but on every occasion between 10 and 20 seconds WBC 
retention was decreased by chlorpromazine and cocaine. 
Chloroquine, mepacrine, and PGI, had no effect. 

Effect of antibodies to GPrib, GPriIb/IHa, and vWf 
(Table 3). Three antibodies to GPrilb/II]a were available; 
one to GPrib was available. These were reconstituted in 
distilled water so that 0.1 mL added to 5 mL of normal, 
heparinized blood gave final concentratoins of 5 to 13 
ug/mL. These mixtures were incubated at room temperature 
for | minute. Controls consisted of 5-mL aliquots treated 
indentically but with no additions. The order of testing was 
varied. The results expressed as a percentage of the related 
controls are given in Table 3. All three antibodies to GPrHb/ 
Illa halved the platelet retention between 0 and 3 seconds, 


Tabie 3. Platelet Retention and Drop Ratio 
in Presence of Antibodies 


Platelet Retention 


Drop 
Antibody Type n 0-3 s 10-20 s Ratio 
Antibodies to GPrilb/itla 
10 E5" 3 49 22 139 
HP1/1D"’ 4 61 20 121 
7€3°° 2 53 54 111 
Antibody to GPrib 
6 oI? 4 105 80 124 
Antibody to vWf 
w1-3'8 5 92 55 145 
wi-5"° 5 68 34 182 
936 4'° 5 64 50 154 
94H 5'9 5 80 53 150 


Results are expressed as the mean percentage of the various control 
values. 


and two reduced retention 10 to 20 seconds to 20% and 22% 
of the control values. The third antibody, 7E3, was less 
active, but with all three antibodies there was little pro- 
gressive decrease in the drop rate, ie, a high drop ratio. All 
three also inhibited WBC retention during the period of 0 to 
3 and 10 to 20 seconds. 

The antibody 6DI at a concentration of 2.7 ug /mL 
completely inhibited ristocetin (1.5 mg/mL)-induced aggre- 
gation of normal PRP. Thus, it was fully active. Mixed at a 
concentration of 13 ug/mL for | minute with blood at 20°C, 
it had at most a minor effect (Table 3). 

Four antiboides to vWf were each studied five times. Fifty 
microliters of antibody added 1 minute before testing to 5 
mL normal heparinized blood inhibited blocking and, on 
average, platelet retention 0 to 3 seconds and 10 to 20 
seconds were decreased respectively by 24% and 45% of the 
controls (Table 3). 


DISCUSSION 


The main conclusions from these experiments are that the 
filter is blocked by platelets in two phases. The first, lasting 0 
to 3 seconds, requires shear stress, vWf, and GPrlib/TIla. 
The second (10 to 20 seconds) has an abso'ute requirement 
for divalent cations. Stress, vWf, and GPrilb/Illa are appar- 
ently still required. 

A globe! test in which whole blood is forced through 
capillary-sized holes was deliberately chosen to simulate, in 
part, the .n vivo bleeding time, and it is unlikely to be 
influenced by a single mechanism. Because Apyrase and 
aspirin have no significant effect, ADP and thromboxane A, 
are apparently not involved. Cyclic AMP may be (PGL), but 
three phosphodiesterase inhibitors (theophylline, aminophyl- 
line, and FGE,: data not given) had no effect. Heparin and 
native blocd results are similar, thus clotting and a heparin— 
platelet effect seem unlikely.” 

This is the first experimental situation that has allowed a 
precise estimate of the speed of shear-induced platelet aggre- 
gation.”!”* The initial mean transit time with normal PRP, 
and before aggregates obstruct the flow, is 8 milliseconds, yet 
in this tire platelets are activated and aggregate. Subse- 
quently, the filter is blocked when sufficient platelets have 
been retained, eg, 70% of platelets in 20 drops (1 mL blood) 
a 150 x 10° platelets. 

The contribution of glass that can activate platelets, 
WBCs, and plasma seems excluded by the reported Nucle- 
pore experiments.”’° From the evidence presented, it appears 
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unlikely that WBC s initiate blockage. Chlorpromazine and 
cocaine inhibit WBC retention and chloroquine and mepa- 
crine do not, but all four agents inhibit platelet retention 
(Table 2). 

Although RBCs have a profound effect on the initial fow 
rate, their removal in PRP does not impair filter blocking. 
Thus, ADP leaking from even intact RBCs is irrelevant. 

Numerous authors report that platelet retention in glass 
bead columns”** and in vascular models is abnormal in vWf 
disease but only in situations of high shear.”**’ The absence 
of filter blocking in this model in vWd, its correction by the 
additon of cryoprecipitate, and the correction by DDAVP”** 
and the probable effect of high-mol-wt multimers of vWf*?’ 
all support the concept that vWf is essential in conditions of 
high shear. 

With use of monoclonal antibodies, it has been shown that 
GPrlib/IIla on the platelet membrane is necessary for filter 
blockage (Table 3) and that GPrlb is of little or no impor- 
tance although it may be in other systems.’ In purified 
systems, GPrlib/Illa has been reported to be activated, eg, 
by thrombin, at a site exposed with a conformational 
change’? before vWf can bind to the platelet.” In these 
circumstances, however, if fibrinogen is present or added 
later, the fibrinogen will preferentially bind to the platelet 
surface or displace the vWf.**? In the filter and in Baum- 
gartner’s models, normal fibrinogen levels are present, yet 
vWf is required. It follows that in stress-induced activation 
the expression of GPrIIb/II1a must differ from that which 
occurs when aggregating agents such as ADP and thrombin 
are added. In the aggregometer, vWf platelets behave nor- 
mally after the addition of ADP, and the GPrlIb/IIla binds 
to the fibrinogen as the ligand.’*** In the high-shear situa- 
tion, both adhesive proteins, vWf and fibrinogen, may be 
required,” but this does not alter the conclusion that high 
shear causes a unique expression of GPrlfb/Illa that 
requires vWf for platelet aggregation. 

The differences in platelet retention between 0 to 3 
seconds and 10 to 20 seconds show clearly that two processes 
are involved, although the events at 0 to 3 seconds (first 
phase) must also contribute to or even determine the events 
in the second phase (10 to 20 seconds) since they are closely 
correlated. There are important differences, however. Table 
4 shows that phase 1 requires high shear, vWf together with 
“available” platelet membrane GPrllb/Illa, but is indepen- 
dent of divalent cations (EDTA blood). Phase 2 is presum- 
ably also dependent on vWf and GPrllb/Illa but differs 


Table 4. Differences Between Platelet Retention During First 
Phase (0-3 s} and Second (10-20 s) 








Platelet Retention 
Addition n 0-35 10-20 $ 
Nil {normal} 40 100 100 
vW 16 56 36 
Anti-GPriib/tila 9 54 32 
EDTA 8 100 20 
Membrane-active drugs 19 100 34 
PGi, 5 119 51 





Average differences in platelet retention are expressed as a percentage 
of the appropriate normal values. 


from phase | in that it is inhibited in the absence of divalent 
cations and by the addition of membrane stabilising drugs. 

Shear stress initially appears to expose GPrifb/Tila in a 
way that is independent of fibrinogen and divalent cations. 
This locus with vWf permits platelet aggregation. Thereaf- 
ter, the same or another vWf molecule becomes attached to 
GPrllb/IIla through a cation-dependent bond, and only this 
second step is inhibited by perhaps a more general membrane 
perturbation caused by membrane-active drugs. 

The effect of these membrane-active drugs, in admittedly 
high (mmol/L) concentrations, is not fully understood. The 
stimulating effect of lower concentrations of chloroquine is 
typical of some membrane-active drugs. Cocaine and quinine 
inhibit ADP- and thromobin-induced aggregation.” Inhibi- 
tion by local anesthetics of transmembrane calcium migra- 
tion” and the inhibition of filter blocking by EDTA may be 
related phenomena. Dibucaine and chlorpromazine are 
reported to influence membrane phospholipase A2. The 
inhibitory effect of PGI, at 25 ng/mL may be due to a 
‘“membrane-stabilizing” effect, and PGI, is reported to 
prevent the binding of vWf to platelet GPrIb.” The lack of 
temperature dependence favors a conformational change 
rather than an enzyme effect. Finally, it must be pertinent 
that apyrase, PGE, and dibucaine all inhibit the rate of 
binding of antibody to GPrllb/Illa in both buffer- and 
ADP-stimulated platelets.” 

In conclusion, we propose, in agreement with Schmid- 
Schonbein et al* that acute rapid bending of the platelet 
causes membrane perturbation and that this alone can, in 
milliseconds, induce a unique exposure of GPrilb/Illa. 
Initially, only vWf is required. Seconds later, calcium is 
required for further platelet aggregation. Collagen, subinti- 
ma,“ RBCs,” and thrombin are not required for this type of 
aggregation, nor probably is fibrinogen® or ADP. This is the 
first clear demonstration of a further independent way of 
inducing platlet aggregation. Accordingly, in patients with 
vWd, the long bleeding time at 40 mmHg results from an 
absence of vWf, which is essential for shear-induced platelet 
aggregation in this system and presumably in other systems. 
In contrast, ADP and thrombin involve a different expression 
of GPrilb/Ila™ since aggregation then requires fibrino- 
gen???" and vWf is irrelevant. Thus, ADP and thrombin 
apparently do not play a major part in determining the 
normal bleeding time. These findings presumably are rele- 
vant to hemostasis and thrombosis. 
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von Willebrand Factor Is Present on the Surface of Platelets Stimulated in 
Plasma by ADP 


By Burt Adelman, Patricia Carlson, and Patrick Powers 


von Willebrand factor (vWf) can bind to glycoprotein (GP) 
iib/illa on activated platelets. The significance of this 
interaction is unclear, however, because it has not been 
possible to detect vWf binding to GPilb/Illa on platelets 
stimulated in plasma. We have developed an indirect, flow 
cytometry assay that uses fluorescein-labeled antibodies 
to detect vWf and fibrinogen on platelets. Using this assay, 
we found vWf on the surface of platelets stimulated in 
plasma by ADP. The number of platelets that bound vWf 
increased in proportion to ADP concentration and incuba- 
tion time. Washed platelets in a protein-free buffer acti- 
vated by 1 umol/L calcium ionophore A23187 or 10 umol/L 
ADP also bound vWf, suggesting that we were detecting 
surface binding of a-granule—derived vWf. Monoclonal 


LATELET ADHESION and aggregation are the first 

hemostatic events to occur following vascular injury. 
These processes depend on platelet association with the 
adhesive proteins von Willebrand factor (vWf) and fibrino- 
gen. Although much is known about these initial steps of 
normal hemostasis, the exact molecular mechanism of plate- 
let plug formation has not yet been defined. In vitro in the 
presence of ristocetin, von Willebrand factor binds to the 
platelet membrane glycoprotein Ib (GPIb).' Von Willebrand 
factor binding to GPIb is not energy dependent and will 
occur even if platelets have been formaldehyde-fixed.’ In 
contrast, fibrinogen binding to the GPIIb/Illa complex is 
energy dependent and occurs only after platelet activation.’ 
The current model of platelet plug formation postulates that 
vWf-GPIb interaction is a passive process that mediates 
platelet adhesion to the subendothelium, after which platelet 
activation results in fibrinogen binding to GPIIb/IIla and 
platelet aggregate formation. 

Recent studies demonstrated that exogenous vWf can bind 
to GPIIb/IIIa on washed platelets stimulated by adenosine 
diphosphate (ADP) or thrombin.*'' Although Lombardo et 
al concluded that vWf and fibrinogen occupy distinct binding 
sites on GPIIb/IIla,° the physiologic significance of exoge- 
nous vWf binding to GPHb/IHa has been questioned 
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fluorescent flow cytometry. 


antibodies against the vWf binding site on GPlb (6D1) and 
the vWf ard fibrinogen binding sites on GPlib/Iia (LUP5 and 
LJ-CP8, respectively) were used to characterize the mech- 
anism of xWf binding to stimulated platelets. Ristocetin- 
induced binding of vWf was inhibited by 6D1, and ADP- 
induced binding of fibrinogen was inhibited by LJ-CP8. 
None of these antibodies inhibited ADP-induced vWf bind- 
ing. Aspirin and prostaglandin £, also inhibited ADP- 
induced binding of vWf in platelet-rich plasma. During 
platelet activation in plasma, vWf derived from a-granules 
becomes bound to the platelet surface possibly being 
transferred already associated with a binding site. 

© 1987 by Grune & Stratton. Inc. 


because it can be blocked by fibrinogen if present at the 
concentrations found in plasma.**’' In addition, Schullek et 
al were unable to detect binding of vWf to ADP-stimulated 
platelets in platelet-rich plasma (PRP).'° 

Parker and others have demonstrated that a-granule— 
derived vWf can be detected on the surface of thrombin- 
stimulated washed platelets and that it is bound to GPHb/ 
Ifla.*° To date, no investigations have been conducted that 
could detect the presence of secreted, platelet-derived vWf 
on the surface of platelets activated in plasma. Because 
platelet a-granules store vWf and their membranes contain 
GPIlb/Ila,'*'* we considered the possibility that activated 
platelets might transfer endogenous vWf directly to their 
surface by binding to a-granule GPI/b/Illa. To examine this 
hypothesis, we developed a unique immunofluorescent flow 
cytometry assay to detect vWf on platelets stimulated in 
plasma by ADP. Our data suggest that vWf can be detected 
on the surface of these platelets and that it is derived from 
secreted a-2ranule stores. 


MATERIALS AND METHODS 


Normal human PRP and washed platelets were prepared from 
sodium-citrate anticoagulated blood as previously described. 
Monospecifie fluorescein-labeled goat anti-human vWf IgG anti- 
body and flworescein-labeled nonspecific goat IgG were obtained 
from Atlant.c Antibodies (Scarborough, ME). Monospecific fluo- 
rescein-labeled goat anti-human fibrinogen IgG antibody (F(ab’), 
fragment) was obtained from Cooper Biomedical (Malvern, PA). 
The monoclcnal antibodies LJ-CP8 (Fab fragment) and LIPS (Fab 
fragment) were kindly provided by Dr Zaverio M. Ruggeri, Scripps 
Clinic and Research Foundation, La Jolla, CA. The monoclonal 
antibody 601 was kindly provided by Dr Barry Coller, SUNY, 
Stony Brook NY.'® Aspirin and prostaglandin E, were obtained 
from Sigma Chemical, St Louis. All other materials were reagent 
grade or better and were obtained from common suppliers. 

Assessment of vWf and fibrinogen binding to platelets in PRP by 
PRP was incubated at room temper- 
ature with 5 pmol/L ADP or 1.5 mg/mL ristocetin. The platelet- 
agonist mixture was swirled only once during incubation because 
constant mizing promotes formation of large aggregates, which 
interfere with subsequent analysis. The reaction was stopped by 
addition of an equal volume of buffered 2% formaldehyde. The 
platelets were formaldehyde fixed and washed as previously 
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described’ and immunostained with fluorescein-labeled anti-v WF or 
anti-fibrinogen antibody by incubation at 4°C for 30 minutes. The 
antibodies were used at saturating concentrations, which were 
determined by trial and error. After staining, excess antibody was 
removed by washing the platelets twice by centrifugation (1,200 g 
for 10 minutes 4°C) in phosphate-buffered saline (PBS) (0.01 
mol/L sodium phosphate, 0.15 mol/L NaCl, pH 7.4). After the final 
wash, the platelets were diluted to ~50,000 per uL in filtered PBS. In 
some experiments, platelet activation was inhibited by the addition 
of aspirin and prostaglandin E, (final concentrations 2.5 mmol/L 
aspirin and 3 mol/L PGE, ) to the PRP prior to ADP stimulation. 
In these experiments, the platelets were incubated with the inhibitor 
mixture for 15 minutes at 37°C prior to activation. 

We used an Ortho 50H fluorescence flow cytometer equipped 
with a 2140 data handling computer (Ortho Diagnostics, Westwood, 
MA) and a 5-W argon-ion laser run at 250 mw power for fluores- 
cence analysis of immunolabeled platelets. Calibration of the fluo- 
rescence gain settings was done daily using Fluorotrol GF (provided 
by Ortho Diagnostics). To prevent inclusion of aggregated platelets 
or platelet fragments, a sizing gate was set by examination of both 
right-angle and forward-angle scatter signals from formaldehyde- 
fixed resting platelets. Approximately 80% of resting platelets were 
included within this gate. Following activation by ADP or ristocetin, 
65% + 10% (SD) of all platelets were included within this gate. 
Fluorescence analysis of platelets that fell within the sizing gate was 
then conducted using log amplification. For each sample, 10,000 
platelets were analyzed. Stimulated platelets labeled with anti-vWf 
or anti-fibrinogen antibody whose fluorescence signal intensity was 
greater than that of 100% of similarly stained resting platelets were 
counted as positive for agonist-induced binding of vWf or fibrinogen. 
Results are reported as percentage of positive platelets. Analysis of 
the data in this manner sacrifices sensitivity for specificity. By only 
counting as positive those cells whose fluorescence intensity is 
greater than 100% of the control cells we ignore all cells whose 
fluorescence intensity may have shifted to a higher level yet still 
remain within the control range. 

Nonspecific binding of fluorescein-labeled antibody to resting and 
activated platelets was determined by conducting experiments iden- 
tical to those described above except that fluorescein-labeled nonspe- 
cific goat IgG was substituted for specific antibody. The concentra- 
tion of nonspecific antibody used was equivalent to that of the 
specific antibody. Less than 2.0% of all platelets in PRP activated by 
ristocetin or ADP bound more nonspecific goat IgG than did resting 
platelets. 

Effect of anti-GPHb/tlla and anti-GPIb antibodies on vWf and 
fibrinogen binding to the surface of platelets stimulated in plas- 
ma. Monoclonal antibody 6D1 binds to platelet GPIb and blocks 
ristocetin-induced binding of vWf.' The monoclonal antibody LJPS 
binds to the vWf binding site on GPIIb/IIIa and blocks ADP- 
induced binding of exogenous vWf to GPHb/IHa and when used as 
a Fab fragment does not interfere with fibrinogen binding to 
GPIlb/Ha.° Monoclonal antibody LJ-CP8 also binds to GPIIb/ 
Hia and blocks binding of both fibrinogen and vWf to GPHb/Ha 
on activated platelets. This antibody was produced and character- 
ized in the same fashion as other anti-GPIIb/I]la antibodies,® (Z.M. 
Ruggeri, personal communication, March, 1987). 

In studies identical to those described above, each antibody was 
independently added to PRP prior to platelet activation by 5 umol/L 
ADP or 1.5 mg/mL ristocetin. The antibody was allowed to incubate 
with the PRP for 5 minutes prior to platelet activation. In each case, 
the antibody concentration was adequate to cause total inhibition of 
binding of fibrinogen or vWf to the targeted membrane receptor, 
either GPIIb/IIIa (LJPS and LJ-CP8) or GPIb (6D1). The anti- 
body concentrations used were determined both by trial and error 
and by review of previously published data.'* 
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vWf expression on the surface of activated washed piate- 
lets. Washed platelets were prepared as previously described and 
then suspended in TBS (0.01 mol/L Tris, 0.15 mol/L NaCl, pH 7.4) 
containing 4 mmol/L CaCl,. The washed platelets were activated by 
addition of | pmol/L calcium ionophore A23187 or 10 wmol/L 
ADP, and the reaction was stopped at various intervals by formalde- 
hyde fixation as described above. The ionophore was prepared as a 
100 pmol/L stock solution in dimethyl sulfoxide (DMSO). After 
fixation, the platelets were immunostained with anti-vWf antibody 
and analyzed by flow cytometry. In control experiments, DMSO 
alone was substituted for ionophore. 


RESULTS 


We were able to detect vWf associated with the platelet 
surface after activation in PRP. As shown in Fig 1, the 
number of ADP-stimulated platelets with surface-bound 
vWf increased during the 35-minute incubation period. The 
number of platelets with surface-bound vWf also increased 
in relation to the concentration of ADP added; the peak 
effect was observed at 2.5 umol/L ADP (Fig 2). The number 
of platelets with surface-associated vWf appeared even 
greater when the PRP was treated with ristocetin. After 
incubation for 5 minutes, 85% of platelets in PRP stimulated 
by 1.5 mg/mL ristocetin had surface-bound vWf as com- 
pared with 37% of platelets stimulated with 5 ymol/L ADP 
for the same time period (Fig 1). Mean fluorescence inten- 
sity of the entire platelet population also increased after 
stimulation, and the fluorescence histograms (fluorescence 
intensity v cell number) remained bell-shaped. Thus, plate- 
lets that bound vWf were not a unique subset of the entire 
population. The addition of aspirin and PGE, to PRP prior to 
ADP stimulation significantly reduced the number of stimu- 
lated platelets with surface-bound vWf (Table 1). 
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Fig 1. ADP- and ristocetin-induced expression of vT by 
platelets in PRP. Five micromolar ADP (final concentration) or 1.5 
mg/ml ristocetin was added to PRP. After incubation for the 
indicated time periods, the reaction was stopped by addition of 
buffered formaldehyde. Following fixation, the platelets were 
washed, immunostained with a fluorescein-labeied antiy Wf anti- 
body, and prepared for analysis by fluorescence flow cytometry as 
described in the Materials and Methods section. Platelets with 
vWf on their surface were detected by their fluorescent signal and 
are indicated as the percentage of increase in positive platelets. 
For ristocetin activation, each point represents the mean {+ SE) of 
separate determinations from four donors; forADP stimulation, 
gach point represents the mean (+ SE) of four or five separate 
determinations from four donors. 
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Fig 2. vWf expression on the surface of platelets stimulated 
by various concentrations of ADP. Platelets in PRP were incubated 
for 5 minutes with increasing concentrations of ADP (0.1 to 10 
mol/L). After activation, the platelets were prepared for analysis 
of vWf expression by fluorescent flow cytometry. The increase in 
percentage of positive platelets indicated a dose-related increase 
in vWf expression on platelets. 


To demonstrate that our observations were not the result 
of nonspecific binding of fluorescein-labeled anti-vWf anti- 
body to activated platelets, we examined the binding of 
fluorescein-labeled nonspecific goat IgG to ADP- or ristoce- 
tin-stimulated platelets. Platelet binding of nonspecific anti- 
body did not increase with time following stimulation by 
either agonist and did not exceed the binding of specific 
antibody by resting platelets (data not shown). From these 
data, we concluded that our assay system detected the 
presence of vWf and fibrinogen associated with the platelet 
surface and not the nonspecific attachment of labeled anti- 
body. 

A number of investigators have demonstrated that endoge- 
nously secreted vWf can be found on the surface of activated 
platelets.*'’!” We therefore used our assay system to detect 
vWf derived from a-granules and associated with the platelet 
surface. Washed platelets in a protein-free buffer were 
activated by calcium ionophore or ADP. As shown in Fig 3, 
the number of platelets that expressed surface-bound vWf 
increased with time following addition of 1 wmol/L iono- 
phore. Five minutes after activation, 50% of the platelets had 
detectable vWf on their surface. The number of platelets 
with vWf on their surface that were not ionophore stimulated 
never exceeded 5% of the total platelet population analyzed. 


Table 1. Effect of Inhibition of Platelet Activation on 
ADP-Induced vWf Binding in PRP* 








Incubation Percentage of inhibition of vWf 
Period {s} Binding Following Platelet Activation 
10 100% 
30 100% 
60 89% 
120 87% 
300 73% 





*PRP was incubated with 2.5 mmol/L aspirin and 4 umol/L PGE, for 
15 minutes at 37°C prior to addition of 5 umoi/L ADP. Each point 
represents the mean of two or three separate determinations. 
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identical results were obtained when washed platelets were 
stimulated by ADP. 

Plasma vWf does not effectively compete with fibrinogen 
for binding to platelets activated in plasma; therefore, we 
believe that the vWf detected on platelets stimulated by ADP 
in PRP comes from a-granule stores. In addition, we hypoth- 
esize that vWf appears on the platelet surface already bound 
to an a-granule-derived receptor such as GPIIb/IIla. To 
examine this possibility, we conducted a series of blocking 
experiments using monoclonal antibodies that bind to GPIb 
and block vWf binding (6D1), or bind to GPHb/IHa and 
block vWf (LJPS) and fibrinogen (LJ-CP8) binding’ (Z.M. 
Ruggeri, personal communication, March, 1987). We used 
Fab fragments of LJPS and LJ-CP8 to minimize nonspecific, 
stearic blocking effects. If our hypothesis was correct, exoge- 
nously added antireceptor antibody would not block vWf 
expression on ADP-stimulated platelets. 

In separate experiments each antibody was added to 
platelet-rich plasma prior to platelet activation by ADP or 
ristocetin. Each antibody was used at a concentration that 
exceeded the minimum necessary to block binding of fibrino- 
gen or vWf to the target membrane protein completely. 
Adding 6Di to PRP completely inhibited the effect of 
ristocetin on expression of vWf but had no effect on vWf 
binding after platelet stimulation by ADP (Table 2). Fab 
fragments of the antibody CP8 totally inhibited fibrinogen 
binding to ADP-stimulated platelets but had no effect on 
ADP-induced vWf expression. Neither did the Fab frag- 
ments of the third antibody, LJPS, have any effect on 
ADP-induced binding of fibrinogen or vWf. 


DISCUSSION 


In this study, we demonstrated that vWf appears on the 
surface of platelets that have been stimulated by ADP in 
plasma. Although it is well established that vWf can bind to 
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Fig 3. Caicium ionophore A23187-induced expression of vWf 
on the surface of washed platelets. Washed platelets in a protein- 
free buffer containing 4 mmol/L CaCl, were incubated with 1 
mol/L ionaphore. At varicus time intervals, the incubation was 
stopped by addition of buffered formaidehyde and the platelets 
were prepared for analysis of vWf expression by fluorescence flow 
cytometry. increased vWf expression is indicated by the rise in 
percentage of positive cells over time. Each point represents the 
mean of separate determinations from two donors. 
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Table 2. Effect of Anti-GPib and Anti-GPilb/Illa Antibodies on 
vWf and Fibrinogen Binding to Platelets Stimulated in Plasma 


Percentage of Inhibition of vWf 
or Fibrinogen Binding 
Following Platelet Activation 





Antibody* ADP Ristocetin 
(Cancentration) VWE Fibrinogen (9%) 9 vWF (%)} 
6D1 (20 ug/ml) 0 a 100 
LJ-CP8 (65, 130 pg/mL) 0 100 -= 
LJPS (0.22, 0.45, 1.3 mg/mL) Q 0 0 


Each antibody was added independently to PRP prior to addition of 5 
pmot/L ADP or 1.5 mg/mL ristocetin (final concentrations). After 
incubation for 5 minutes, the platelets were formaldehyde fixed and 
assayed for vWf or fibrinogen expression as described in the Materials 
and Methods section. Each point represents the mean of two or three 
separate determinations. 

*6D1 binds to GPib and blocks vWf binding, LJ-CP8 binds to 
GPlib/lita and blocks vWf and fibrinogen binding, and LJP5 binds to 
GPtib/illa but blocks only vWf binding. 


the GPIIb/IIIa complex after platelet activation,*” no previ- 
ous investigation has detected vWf on the surface of platelets 
activated by ADP in plasma. This is probably because 
fibrinogen, at the concentration found in blood, can totally 
block binding of exogenous vWf to GPIIb/IIIa even though 
there are distinct vWf and fibrinogen binding regions on the 
GPIlb/Hla complex.4°'' By using a fluorescein-labeled 
anti-v Wf antibody to probe for platelet-bound vWf, we were 
able to detect the binding of a-granule-derived vWf to 
activated platelets. vWf from this source cannot be detected 
by conventional binding studies, which only follow platelet 
attachment of exogenously added vWf. 

Platelet a-granules contain at least 10% of the total blood 
content of vWf, and, following platelet activation, secreted 
vWf is attached to the platelet surface.*'”” Fernandez et al 
demonstrated that a-granules contain some vWf multimers 
that are larger than any normally found in plasma and that 
these molecules readily associate with the platelet membrane 
after platelet stimulation.'* To confirm that our assay could 
detect surface-bound vWf derived from a-granules, we 
examined washed platelets stimulated by ionophore A23187 
or ADP in a protein-free buffer. We found that stimulated 
washed platelets had vWf on their surface and that the 
percentage of platelets with surface-bound vWf increased 
with time. Nonactivated platelets did not demonstrate an 
increase in surface-associated vWf during the same time 
period. 

We detected increased vWf on the surface of 37% of the 
ADP-stimulated platelets. This is probably an underestimate 
of the actual number of stimulated platelets with surface- 
bound vWf. Because we counted as positive only those cells 
whose fluorescence intensity was > 100% of control cells, we 
probably excluded platelets that bound vWf but did not 
generate a fluorescence signal strong enough to be distin- 
guished from the entire population of resting platelets. Such 
platelets, following stimulation, may have bound only 
enough vWf to cause their fluorescence intensity to shift 
from a lower to higher level within the control range. This 
possibility is supported by our observation that, following 
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activation, the mean fluorescence intensity of the entire 
platelet population increased and the fluorescence intensity 
histogram remained bell-shaped. Setting too narrow a plate- 
let-sizing gate on the flow cytometer may also have contrib- 
uted to underestimating the number of vWf-positive plate- 
lets. Our gate was set to exclude all aggregates and particles 
smaller than 2 wm in diameter. A larger gate might have 
included more positive platelets but would have included 
particles and aggregates that might have introduced artifacts 
into the data. For the purpose of this study, we believe it 
appropriate to have used the most rigorous criteria for 
distinguishing positive from negative cells. Finally, although 
the conditions under which we conducted our studies, incu- 
bation at room temperature without stirring, may not permit 
optimal platelet release, these conditions were chosen 
because they match those of previous investigations of ADP- 
induced platelet attachment of vWf in plasma. 

Because plasma vWf cannot effectively compete with 
fibrinogen for binding sites on ADP-stimulated platelets, we 
hypothesized that the vWf detected on platelets stimulated in 
plasma was derived from a-granules and possibly transferred 
to platelet surface already bound to a membrane receptor. To 
investigate this hypothesis, we conducted a series of blocking 
studies using monoclonal antibodies directed against GPIb 
and GPHb/lla. The antibody 6D1, a well-characterized 
anti-GPIb antibody,’ completely blocked vWf binding to 
ristocetin-stimulated platelets in PRP but had no effect on 
platelet surface vWf association after ADP stimulation. 
Fibrinogen binding to ADP-stimulated platelets was blocked 
by Fab fragments of LJ-CP8, an antibody directed against 
GPIlb/Illa that blocks both vWf and fibrinogen binding. 
Neither LJ-CP8 nor Fab fragments of LJP5, an antibody 
that specifically blocks vWf binding to GPHb/IHa,® inter- 
fered, however, with the appearance of vWf on the surface of 
ADP-stimulated platelets. We also demonstrated that inhibi- 
tion of platelet secretion by incubation of PRP with aspirin 
and PGE, prior to stimulation inhibited ADP-induced bind- 
ing of vWf. 

Taken together, these studies suggest that vWf may be 
transferred to the platelet surface already bound to a recep- 
tor site during ADP activation in plasma. Because it has 
already been shown that a-granule membrane proteins can 
be found on the platelet surface following activation,” we 
suspect that this binding site could be the a-granule GPHb/ 
Illa. However, our studies did not allow us to determine this 
specifically. Platelets may also have internal stores of 
GPIb:” but, GPIb has not been shown to be associated with 
a-granule membranes, and therefore we believe it less likely 
to be the site of vWf binding following ADP stimulation. 
vWf binding to an a-granule—derived receptor prior to 
surface association may explain why Parker et al were unable 
to achieve total blocking of binding of platelet vWf to 
thrombin-stimulated platelets activated in buffer containing 
the anti-GPIIb/IHa antibody 10E5.* 

An alternative mechanism for binding of secreted vWf 
could also exist. a-Granules contain a unique family of very 
high-mol-wt vWf multimers not present in plasma that have 
enhanced platelet binding characteristics.” These multi- 
mers, released into the plasma following platelet activation, 
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may be able to compete effectively with fibrinogen for 
platelet GPIlb/Illa binding sites. Our experiments with 
anti-GPlib/Ifla and anti-GPIb antibodies suggest that this 
does not occur on the platelet surface; however, binding may 
occur within the platelet canalicular system and the blocking 
antibodies may not gain access to this space. 

Our data corroborate those of other researchers indicating 
that vWf can bind to stimulated platelets and demonstrate 
that vWf is present in increased amount on the surface of 
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platelets stimulated by ADP in plasma. The findings are 
consistent with the observation that vWf binds to ADP- 
stimulatec platelets in PRP prepared from individuals with 
congenital afibrinogenemia.’”” In these individuals, vWf 
binding to GPIIb/IIIa partially substitutes for fibrinogen in 
supporting platelet aggregate formation. Whether platelet 
surface association of secreted vWf contributes to platelet 
aggregate formation or serves to enhance platelet adhesion in 
normal individuals remains to be determined. 
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Cytogenetic and Cytochemical Studies on Progenitor Cells of Primary Acquired 
Sideroblastic Anemia (PASA): Involvement of Multipotent Myeloid Stem Cells 
in PASA Clone and Mosaicism With Normal Clone 


By Tatsuhiko Amenomori, Masao Tomonaga, !tsuro Jinnai, Hisashi Soda, Hiroaki Nonaka, Tatsuki Matsuo, 
Yoshiharu Yoshida, Kazutaka Kuriyama, Michito Ichimaru, and Tadashi Suematsu 


By cytogenetic and cytochemical analyses of individual 
hematopoietic colonies, we investigated clonality in pro- 
genitor compartments of primary acquired sideroblastic 
anemia {PASA}. Two of our four subjects had reduced but 
countable numbers of CFU-E, BFU-E, and GFU-GM in meth- 
yicellulose culture. In one patient with cytogenetic abnor- 
mality of 47, XX, +8 in 67% of the bone marrow cells, 
cytogenetic analysis of individual erythroid bursts and 
granulocyte /macrophage colonies demonstrated two pop- 
ulations with and without 8 trisomy, the trisomy clone 
being 38% in BFU-E and 50% in CFU-GM. These findings 
indicate involvement of multipotent stem cells in PASA 
clone and mosaicism of two distinct populations in 
erythroid as well as granulocyte/macrophage progenitor 
compartments, the abnormal PASA clone and probably the 
normal clones. In another case with no cytogenetic abnor- 
mality, repeated iron staining showed that 31% to 40% of 


RIMARY ACQUIRED sideroblastic anemia (PASA) 
is defined as refractory anemia with cellular bone 
marrow with erythroid hyperplasia and increased number of 
ringed sideroblasts. These cells have been considered patho- 
gnomonic of this disease since the early descriptions by 
Bjorkman,’ Dacie et al’? and Heilmeyer.’ Ultrastructural 
studies established that an accumulation of iron in the 
mitochondria gives rise to the ring-form deposits,** and in 
some cases enzymatic analysis disclosed abnormalities of the 
heme synthetic pathway inside the mitochondria, such as 
reduced 6-aminolevurinic acid synthetase (ALA-S) activi- 
ty.”’ It has long been known that some PASA patients later 
develop acute leukemia,’*'? indicating the preleukemic 
nature of PASA. Cytogenetic studies have revealed that the 
abnormal hematopoiesis of PASA is a clonal disorder, as in 
other myelodysplastic syndromes. ?* Prchal et al recently 
analyzed G6PD isozymes of each cell lineage of mature 
blood cells, including lymphocytes from a female patient 
heterozygous for the G6PD locus, and showed that the 
PASA clone originates in a pluripotent stem cell.'® 
The blood picture of PASA is usually characterized by 
dimorphism of RBC morphology, which means mosaicism of 
hypochromic and normochromic cells.>'"'""* It is also easy to 
find mosaicism of erythroblasts with and without ring-form 
iron deposits in the bone marrow. The pathophysiologic 
significance of these findings is not yet known. To investigate 
clonality in progenitor compartments, we performed cytoge- 
netic analysis of individual hematopoietic colonies obtained 
from a patient with abnormal karyotype in the bone marrow 
cells. We also analyzed iron accumulation in single erythroid 
colonies obtained from another patient, using cytochemical 
and ultrastructural methods. We found evidence for involve- 
ment of multipotent stem cells in PASA clone and for clonal 
mosaicism with normal progenitor cells. 
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CFU-E and 25% to 54% of BFU-E had erythroblasts with 
heavy iron deposits. An ultrastructural analysis of 25 
individual erythroid bursts revealed that 32% had highly 
dysplastic erythroblasts with marked ferruginous iron 
accumulation in the mitochondria. The other 68% and 15 
normal bursts from a healthy control did not have notice- 
able dysplastic changes and iron deposits in the mitochon- 
dria. This cytochemical/ultrastructural mosaicism seems 
to be compatible with the cytogenetic mosaicism. How- 
ever, whether the BFU-E derived from abnormal PASA 
clone selectively manifest iron accumulation in the mito- 
chondria or whether the PASA clone itself shows variable 
degrees of abnormal iron metabolism remains to be deter- 
mined by simultaneous performance of ultrastructural and 
cytogenetic analysis for single bursts. 
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MATERIALS AND METHODS 


Patients 

Three patients (cases i, 2, and 3), whose hematologic findings 
fulfilled the French-American-British (FAB) criteria for PASA 
(refractory anemia with ringed sideroblasts),’* and one patient (case 
4) with less prominent ringed sideroblasts were studied, The hemato- 
logic data for these patients at the time of the first colony assay are 
summarized in Table 1. None of these patients had a family history 
of sideroblastic anemia or underlying hematologic or nonhemato- 
logic disease. Cases 1, 2, and 3 showed a slight to moderate degrees 
of morphological dysplastic changes” in erythroid and granulocytic 
lineages. Case 4 manifested severe dysplastic changes in all cell 
lineages, including megakaryocytes. All cases had high serum iron 
levels (256 to 298 ug/dL) and high transferrin saturation (92% to 
95%). Bone marrow samples were obtained from the sternum from 
each patient and one healthy control with informed consent. 


Colony Assay 


Erythroid colony assay (BFU-E and CFU-E). The method of 
Iscove et al was used.” 2 x 10° bone marrow buffy coat cells were 
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Table 1. Data of Hematologic Examination and Colony Assay 


Factor Case 1 Case 2 Case 3 Case 4 
Age and sex 64 F 76 F 30 F TAF 
History of anemia (yr) 7 12 7 5 
Hb (g/d) 9.4 9.0 6.9 6.5 
WBC (x 10°/L) 2.9 3.05 1.9 5.6 
Stab + segment (%) 48.0 48.0 36.0 65.0 
Platelet (x 10°/L) 250.0 170.0 80.0 186.0 
Ratio M:E 0.5 12 0.8 3.2 
Ringed sideroblast (%)* 30 63 67 32 
Chromosome abnormality Yes No No No 
Transfusion requirement Frequent No Frequent Frequent 
CFU-GM 20 + 2 30 +4 622 26+ 1 
CFU-E 24+4 12+ 4 6+1 0 
BFU-E 9.5 +05 40+ 1 0 0 


Abbreviations: Hb, hemoglobin; M:E, myeloid:erythroid. 

Each value of CFU shows the mean of triplicate cultures, Normal value 
for CFU-GM 117 to 210 (mean 160)/1 x 10° light-density bone marrow 
celis, CFU-E 145-230 (mean 182)/2 x 10° bone marrow buffy coat 
cells, and BFU-E 72 to 122 (mean 94)/2 x 10° bone marrow buffy coat 
cells. 

*Percentages among 100 erythroblasts. 


plated in a 35-mm Falcon plastic dish containing 1.0 mL of 
a-medium with final concentrations of 0.88% methylcellulose, 30% 
fetal calf serum (FCS), 1% deionized bovine serum albumin (BSA) 
(GIBCO, Grand Island, NY), and 1.0 U/mL erythropoietin (Ep, 
Step HI, Connaught Labs Toronto, Canada). For testing the 
response to various doses of Ep by BFU-E from the bone marrow in 
case 2, EP was added to give final concentrations of 0, 0.1, 0.25, 0.5, 
1.0, 1.5, and 2.0 U/mL. The plates were incubated at 37 °C ina 
humidified atmosphere of 5% CO, in air. CFU-E were counted on 
day 7, and BFU-E were counted on day 14. 

Granulocyte/macrophage colony assay {CFU-GM}. The 
method of Iscove et al was used with some modification.” In brief, 
| x 10° light density (1.077/cm’*) mononuclear cells separated from 
bone marrow specimen, were plated in a 35-mm Falcon plastic dish 
containing 1.0 mL of a-medium with 0.88% methylcellulose, 20% 
FCS, and 10% giant-tumor cell-conditioned medium (GIBCO). 
After 8 days of incubation at 37 °C in a humidified atmosphere of 
5% CO, in air, cell aggregates with >20 cells were counted as 
CFU-GM. 


Cytogenetic Investigation 


Bone marrow cells were directly processed for chromosomal 
preparation, and cytogenetic analyses were peformed using the 
standard method and/or the G-banding method.” 

Chromosome analysis from individual colonies was performed 
using our own procedure described elsewhere.” In brief, individual 
colonies were aspirated by a finely drawn-out capillary tube, and 
transferred into a droplet (10 uL) of 0.075 mol/L KCI solution 
placed on a poly-L-Lysine (Sigma Chemical, St Louis) coated slide. 
After thorough mixing, the slide was turned upside down to let the 
droplet hang downward and allowed to stand at 37°C in a wet- 
chamber for 20 minutes to obtain maximal hypotonic effects. The 
slide was then turned again, the droplet being upward, and allowed 
to stand for 15 minutes to let the cells attach to the slide. The fixation 
process consisted of three steps: First, a small amount (10 uL) of 
30% fixative (3:1 methanol:acetic acid) diluted with 0.075 mol/L 
KCI was added (5 minutes); second, three droplets of 20% ethanol 
diluted with 0.075 mol/L KCI were added using a Pasteur pipette 
and allowed to stand for 10 minutes; third, the entire slide was 
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immersed in fresh 100% fixative and allowed to stand for >10 
minutes. The slide was flame-dried and stained with Giemsa and/or 
Q-banded. 


Cytochemical Investigation 


Peris’ reaction for iron“ was used on air-dried smears of bone 
marrow cells and Cytospir (Shandon Southern Products, Cheshire, 
England) smears of single CFU-E and BFU-E. Cytospin-smears 
were made by aspirating each colony or burst using a finely- 
drawn-out capillary tube and mixing it with 10 uL of a-medium ona 
slide glass. The slide was cytocentrifuged at 1,200 rpm for three 
minutes. Blue granules or deposits were considered accumulated iron 
in the cytoplasm. Erythroblasts with iron granules arranged along 
more than one-third of the nuclear outline were defined as ring- 
form. 


Ultrastructural Investigation 


For TEM analysis of siagle BFU-E in case 2 and of one healthy 
control, 0.5 mL 2.0% glutaraldehyde in 0.1 mol/L phosphate buffer 
was gently added to dishes for erythroid colonies on day 14. Each 
erythroid burst became dark and hard after 20 minutes. This made 
easier aspiration of single bursts using finely-drawn-out capillary 
tubes. Each burst was transferred into 0.5 mL of 0.1 M phosphate 
buffer in a multiwell glass plate. Three changes of the buffer were 
made, and 0.2 mL of 2% OsO, was added. After 15 minutes, three 
changes of the buffer were repeated. Single bursts were then 
dehydrated in six grades of ethanol from 30% to 100% (10 minutes 
each). Embedding of each burst in Epon was done by standard 
method? under a dissecting microscope. Ultrathin sections. were 
made on a LKB 4800 (LKB, Bromma, Sweden). The double- 
counterstain with uranyl acetate and lead citrate was used, and 
TEM observation followed on a JEM-1O0B(JEOL, Tokyo). To 
confirm that high-electron-dense deposits in the mitochondria of the 
erythroblasts were actually iron accumulation, X-ray microprobe 
analysis was done using a JEM-100CX (JEOL). 


RESULTS 
BFU-E, CFU-E, and CFU-GM Enumeration 


Numbers of CFU-E and BFU-E were relatively high 
(though far below normal) in cases 1 and 2 (Table 1). A few 
degenerative CFU-E and no BFU-E were formed in case 3. 
No cellular aggregations were present in case 4. Spontaneous 
erythroid colony formation was absent in all cases when Ep 
was not added. CFU-GM formed fairly well in all cases, but 
in reduced numbers, 


Cytogenetic Analysis of Bone Marrow Cells and Individual 
Hematopoietic Colonies in Case | 


The bone marrow direct method revealed that nine 
(33.0%) of 27 metaphases were aneuploidy of 47, XX, +8, 
and 18 (67.0%) normal karyotypes. Cytogenetic analysis of 
individual erythroid bursts and granulocyte/macrophage 
colonies demonstrated the same mosaic condition in both 
BFU-E and CFU-GM compartments (Table 2). In a few 
individual bursts and GM-colonies, two or more metaphases 
could be analyzed. They all showed either normal or abnor- 
mal karyotype. 


PROGENITOR CELLS OF SIDEROBLASTIC ANEMIA 


1369 


Table 2. Cytogenetic Analysis of individual Colonies in Case 1 


No, of Colonies 





Colony With 46 XX 
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Colony With 47,XX, 4-8 
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Colony {Metaphase} No. of Normal Metaphases/ No. of Abnormal Metaphases/ 
Type Examined n 1%) No, of Metaphases Examined n (3%) No. of Metaphases Examined 
BFU-E 8 (22) 5 (62.0) Co 
2/2 3 (38.0) 5/5 
2/2 4/4 
2/2 /1 
2/2 
CFU-GM 10 (78) 5 (50.0) 2/2 4/a* 
2/2 3/3 
2/2 5 (50.0) 1/1 
1/1 /1 
1/1 1/1 





*This colony showed 48,XX, +8, +, ie, an additional change. 
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Table 3. iron Deposit Analysis of Individual Erythroid Colonies (Case 2) 





Light~Microscopic Analysis * 


No. of Fe” Colonies/ 
No. of Colonies analyzed (%) 





Ultrastructural Analysis 
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No. of Mitochondrial Fe* colonies/ 
No. of Colonies Analyzed (5%} 


Date CFU-E BFU-E BFU-E 
April 15, 1983 — 24/78 (30.8%) 8/25 (32%) 
March 5, 1984 6/15 (40%) 16/30 (54.2%) nee 
September 8 9/29 (31%) 15/63 (23.8%) _ 
Normal control 0/15 (0%) 0/15 (0%) 14/15 (6.6%) 





*Only colonies with coarse iron granules (Fe”) in the cytoplasm of colony-composing erythroblasts were regarded as abnormal. 
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tOnly one normal BFU-E showed ferruginous iron accumulation in a few mitochondria of two erythroblasts among ~300 burst-composing cells. 


Cytochemical Analysis of Single Erythroid Colonies and 
Bursts in Case 2 


The results of serial cytochemical investigations on the 
iron deposits in individual erythroid colonies and bursts from 
case 2 are shown in Table 3. In the first analysis, ~30% of 
bursts were iron deposit positive. In some bursts, all the 
erythroblasts had heavy deposits of iron, but in others only a 
part (30% to 60%) of the erythroblasts had detectable 
amounts of such deposits. In some erythroblasts, iron gran- 
ules were in ring-form like the ringed sideroblasts of the bone 
marrow smears, but in others they were scattered in the 
cytoplasm, making it difficult to consider them equivalent to 
ringed sideroblasts (Fig 1). Ultrastructural study was there- 
fore needed to find the actual site of tron accumulation. In 
the second and third analyses, iron-positive and iron-negative 
populations were observed in both CFU-E and BFU-E 
compartments. 


Ultrastructural Analysis of Single Erythroid Bursts in 
Case 2 


The bursts could be classified into two distinct popula- 
tions, one with ferruginous iron deposits inside the mitochon- 
dria (Fig 2A and B), which we called Fe-positive, and the 
other completely without tron deposits in the mitochondria 
(Fig 3), which we called Fe-negative. In the Fe-positive 
population, there were few iron deposits outside the mito- 
chondria; only occasional ferritin clusters were seen (Fig 
2B), suggesting that the scattered pattern of iron deposits 


observed in the cytochemical preparations of single colonies 
or bursts indicates that most of the iron has actually accumu- 
lated in the mitochondria. The percentage of Fe-positive 
bursts identified cytochemically, including both ring-forms 
and scattered-forms, was close to that identified by TEM 
(Table 3). X-ray microprobe analysis confirmed that the 
electron-dense deposits in the mitochondria were indeed 
ferruginous. 

In each Fe-positive burst, almost all erythroblasts had 
slight (containing thin iron deposit layer along cristae) to 
extensive (containing heavy iron deposit filling the space 
between cristae) iron accumulation in almost all visible 





Fig 1. Cytospin-smear of an erythroid burst from case 2 
stained for iron (Perts’ reaction). The coarse, blue iron granules 
are scattered in the cytoplasm. Only a few erythroblasts in this 
burst show ring-form iron deposits. (Original magnification 
x 1,000; current magnification x 500.) 
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Fig 2. TEM of a day-14 erythroid burst from case 2, with 
heavy iron deposits. (A) The erythroblasts show marked dysplastic 
changes, as well as typical ring-form iron deposits. There is 
marked disintegration of the chromatin structure, disappearance 
of the nuclear envelope, scanty or almost no ribosomes, vacuoles 
in the cytoplasm and in the nucleus, and severe degeneration of 
the mitochondria (vacuolation and disruption). (Original magnifica- 
tion «5,000; current magnification 2,500). (B) In some erythro- 
blasts, a few ferritin clusters are seen outside the mitochondria. 
The ribosomes are visible but few, with no polyribosome forma- 
tion, suggesting that there are multiple background disorders in 
the cellular biochemistry of PASA erythroblasts (Original magnifi- 
cation x 13,000; current magnification x 6,500). 


mitochondria, indicating that TEM analysis was more sensi- 
tive than light-microscopic cytochemistry for the detection of 
iron deposits in the cytoplasm. At the same time, severe 
dysplastic changes were observed. In contrast, in bursts with 
only Fe-negative erythroblasts, the cells had almost normal 
ultrastructural appearance without any dysplastic changes. 
Fourteen of 15 bursts from a normal control had Fe-negative 
erythroblasts, and all cells seemed ultrastructurally normal 
(Fig 4A). In one burst, however, a few erythroblasts had thin 
iron deposits in mitochond’s1 (Fig 4B). 


Erythropoietin Sensitivity of Erythroid Progenitors 
in Case 2 


As shown in Table 4, the numbers of total CFU-E and 
Fe-positive CFU-E increased proportionately to increasing 
doses of Ep and reached a plateau at 1.0 U/mL. Thus, there 


Fig 3. TEM of a day-14 burst from case 2, with normal 
appearance. The erythroblasts show almost normal ultrastruc- 
tural morphology; there are abundant polyribosomes and mito- 
chondria with no iron accumulation (Original magnification 
x 5,500; current magnification x 2,750). 





Fig 4. TEM of a day-14 burst from a normal control. (A) The 
erythroblests show entirely normal appearance with no karyor- 
rhexis and no abnormal iron deposits in the cytoplasm or in the 
mitochondria. (B) In one burst in 15, a few erythroblasts among 
some 300 cells observed had iron deposits in the mitochondria. 
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Table 4. Erythropoietin-Dose Response of Erythroid Progenitors (Case 2) 


CFU-E No. 2 x 10° Cells 


Erythropoietin 

Dose {U/ml} Total Fe” (%) 
0.1 12.6 + 0.6 3.3 + 1.5 (26.2) 
0.5 32.7 + 1.5 6.0 + 1.7 {18.3} 
1.0 36.3 + 1.5 12.3 + 1.2 {33.9} 
1.5 34.3 + 1.5 11.7 + 2.0 (34.1) 
2.0 34.7 + 1.4 12.3 + 2.5 (35.4) 


3.7 
16.0 
17.3 
20.6 
32.3 


Total 





BFU-E No. 2 x 10° Celis 


Fe” (%}) 
+ 1.2 3.0 + 1.0(81.0) | | 
+ 1.7 5.7 + 0.5 (35.6) |] 2 i 
+15 103a 955 169 BP nans 3 
+15 11.3 + 1.5 (54.8) ; i 
+ 1.5 18:3- 0.5156 :| fee een eee ea 


area 
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Numbers of CFU-E and BFU-E are the mean + 1 SD of triplicate culture. All CFU-E and BFU-E enumerated were aspirated individually and stained for 
iron. The percentage of Fe” BFU-E at erythropoietin 0.1 U/mL was compared with those at higher doses using Fisher's exact test. (1, P = Q065; 2, 


P = 1478, 3, P = 0867; 4, P = 0970}. 


was no difference in Ep sensitivity between Fe-positive and 
Fe-negative CFU-E compartments. In contrast, Fe-positive 
BFU-E seemed to be more sensitive to Ep since Fe-positive 
BFU-E grew predominantly at 0.1 U/mL. The difference in 
percentage of Fe-positive BFU-E was statistically signifi- 
cant, however, only between 0.1 and 0.5 U/mL. 


DISCUSSION 


The present cytogenetic study on individual hematopoietic 
colonies revealed in case | the presence of an identical 
aneuploid clone in two different cell lineages, providing 
evidence that the abnormal clone of PASA involves multipo- 
tent hematopoietic stem cells. This cytogenetic finding is 
compatible with the observation by Prchal et al using G6PD 
isozyme analysis.'° Their conclusion was that all blood 
formed elements, including lymphocytes, are derived from 
the abnormal PASA clone that originated in a pluripotent 
stem cell. Our study further revealed karyotypic mosaicism 
in erythroid as well as granulocyte/macrophage progenitor 
cell compartments. Mosaicism was also present in the direct 
bone marrow sample. Many cytogenetic studies on PASA 
bone marrows also disclosed mosaicism.''!* Because Prchal 
et al did not analyze hematopoietic colonies enzymatically, it 
is not clear whether there was a heterogeneous composition 
in progenitor compartments in their case. The discrepancy 
between our results and Prchal’s may in part reflect the 
different stages of PASA at which clonal study was per- 
formed. In our series, cases 1 and 2 showed a progressive 
declining of erythroid burst formation (data not shown), 
suggesting expansion of the PASA clone. 

We obtained higher percentages of population with nor- 
mal karyotype in erythroid and GM progenitor compart- 
ments than in the direct bone marrow sample. It appears 
possible in vitro to obtain colonies of which progenitor cells 
belong to normal clones but are inhibited in vivo and unable 
to deliver normal mature progeny. A similar situation was 
recently observed in some patients with chronic myeloid 
leukemia by Dube et al.” Our observation in case 2 that 
Fe-positive BFU-E seemed to have hypersensitivity to Ep 
may provide, if confirmed in other cases of PASA, a clue to 
elucidating the underlying mechanism of growth advantage 
by the PASA clone over normal clone. However, this does not 
necessarily explain the growth advantage in the multipotent 
stem cell compartment. 

Demonstration of the normal clones remaining in PASA 


bone marrow as a minor population is important from a 
therapeutic viewpoint. Theoretically, chemotherapeutic or 
differentiation-induction regimens such as continuous low- 
dose cytosine arabinoside (LDAC) regimen may reverse the 
bone marrow with dominance of PASA clone to remission 
state. With the LDAC regimen, hematologic remission has 
been reported to be induced in some patients with PASA.”” 
However, clonal alternation was not confirmed in these 
cases. 

By combining clonal culture with cytochemical /ultra- 
structural methods, the present study disclosed in case 2 that 
Fe-positive and Fe-negative populations are present in the 
erythroid progenitor compartment of PASA bone marrow. 
Differences in ultrastructural morphology of erythroblasts in 
individual bursts were distinct between the two populations. 
Marked dysplastic changes were observed only in the 
erythroblasts of Fe-positive bursts, suggesting premature 
degradation of cells in vitro, which may lead to reduced 
number of erythroid bursts. This cytochernical /ultrastruc- 
tural mosaicism in case 2 seems to be compatible with the 
cytogenetic mosaicism in case |, Fe-positive bursts being 
derived from the PASA clone and Fe-negative bursts being 
derived from the normal clone. If this assumption is correct, 
one can explain the dimorphism of RBCs in PASA as 
expression of the clonal mosaicism in this disease. Because a 
few Fe-positive erythroblasts were observed in one BFU-E 
from normal control, there still remains a possibility that the 
mitochondrial iron deposit is not a clonal marker and that the 
PASA clone itself shows much diversity in degree of defec- 
tive heme synthesis and produces maturing erythroblasts and 
RBCs with variable degrees of iron deposits and hemoglobin 
concentration, respectively. 

Several reports describe the relationship between PASA 
clone and abnormal heme synthesis. Using biochemical 
methods, Ibrahim et al compared the ALA-S activity and 
C'*-ALA incorporation into heme of erythroblasts directly 
sampled from PASA bone marrow and of erythroid colonies 
obtained by culturing the same bone marrow; they found 
reduced ALA-S activity and C'* incorporation in the former 
but almost normal values in the latter? and postulated that 
these erythroid progenitors, biochemically normal in appear- 
ance, were derived from residual normal stem cells. Hutche- 
son et al did an ultrastructural study on erythroid bursts from 
PASA patients and demonstrated for the first time in vitro 
distinct iron accumulation in the mitochondria; however, 
they processed groups of bursts for TEM study instead of 
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analyzing them individually and did not observe bursts of 
normal appearance. 

Mizoguchi et al undertook a light-microscopic/cytochem- 
ical investigation of CFU-E and BFU-E from PASA 
patients,” as we did. In one case, they found that all BFU-E 
were Fe-positive but contained two types of erythroblasts, 
with and without iron deposits, whereas all CFU-E were 
Fe-negative. They postulated that BFU-E of the PASA clone 
can give rise to both types of progenies and Fe-negative 
CFU-E are those PASA progenies with higher proliferative 
potential in vitro. Differences in technical sensitivity to iron 
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detection (light-microscopic v ultrastructural methods) may 
account in part for the discrepancy between their work and 
ours. To establish the significance of ringed sideroblasts in 
the pathogenesis of PASA, one must perform cytogenetic or 
G6PD-isoenzyme anlaysis and ultrastructural observation 
simultaneously for single erythroid bursts. 
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Phorbol Esters Sensitize Platelets to Activation by Physiological Agonists 


By Wolfgang Siess and Eduardo G. Lapetina 


Phorbol esters such as phorbol 12, 13-dibutyrate (PdBu; 40 
to 200 nmol/L} or 12-O0-tetradecanoyl phorbol 13-acetate 
{20 to 80 nmol/L) added to aspirinized platelet-rich plasma 
(PRP) 5 to 15 seconds prior to various platelet stimuli 
(epinephrine, ADP, prostaglandin endoperoxide analog 
U44069, collagen, PAF, or vasopressin) potentiate the rate 
and extent of aggregation and ATP secretion induced by 
those agonists. Platelet aggregation, but not secretion. is 
potentiated at low concentrations of agonists; platelet 
secretion is potentiated at higher concentrations of the 
platelet stimuli. Potentiation of platelet responses was also 
observed when the preincubation time with PdBu was 
extended to 12 minutes and also occurred in washed 
platelets. The potentiating effect of phorbol esters is not 
mediated by formation of arachidonate metabolites or by 
released ADP. The sensitizing effect of PdBu on platelet 


WO FUNCTIONS of protein kinase C for platelet 

activation have been suggested: (a) synergism with 
Ca** to induce platelet aggregation and secretion,’ and (b) 
desensitization of platelet responses to receptor-activating 
platelet stimuli.” 

Bioactive diacylglycerois or phorbol esters induce either no 
platelet response or only a small, delayed aggregation and 
secretion response at concentrations that fully activate pro- 
tein kinase C. They will, however, evoke rapid, full secretion 
and aggregation if added together with subthreshold concen- 
trations of Ca** ionophores.'” Preincubation of platelets with 
phorbol ester or bioactive diacylglycerols for 1 to 9 minutes 
causes an inhibition of phospholipase C-induced inositol 
phospholipid hydrolysis, Ca** mobilization, thromboxane B, 
(TXB,) formation, shape change, granule secretion and 
aggregation induced by various physiological stimuli such as 
thrombin, vasopressin, PAF or ADP.*” Although 12-0- 
tetradecanoyl phorbol |3-acetate (TPA) added up to | 
minute before thrombin accelerates thrombin-induced dense 
granule secretion, phosphatidic acid formation, and break- 
down of phosphatidylinositol 4,5-bisphosphate of washed 
platelets incubated at 23°C,* most studies have reported and 
stressed the desensitizing effect of protein kinase C activa- 
tion on agonist-induced platelet responses. Recent studies 
have not clarified the situation. On one hand, by incubating 
platelets for only a short time with TPA (10 seconds before 
the stimulus), a clear inhibition of thrombin- or ADP- 
induced shape change, Ca’* mobilization and myosin asso- 
ciation with the cytoskeleton was found.’ Preincubation of 
platelets with TPA for 1 to 5 minutes before the agonist has 
also been reported to inhibit shape change, aggregation and 
ATP-secretion in response to thrombin, PAF, ADP, or 
U46619 in the presence of extracellular Ca’*,'°'' but it 
induces a potentiation of ATP secretion in the absence of 
extracellular Ca** (<100 nmol/L).'° On the other hand, 
other investigators found only a small reduction of agonist- 
stimulated serotonin release and no inhibition of cytosolic 
Ca** increase, myosin light chain phosphorylation, or cytos- 
keletal assembly after preincubating platelets with TPA for 2 
minutes in the presence of extracellular Ca’* (0.05 mmol/ 
L).'? When TPA was added 20 seconds before a secondary 
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aggregation induced by epinephrine is unique, since in 
contrast to the other platelet stimuli it is also found at 
maximal concentrations of epinephrine and does not dimin- 
ish with prolonged preincubation of platelets with PdBu. 
Activation of protein kinase C ranges from 20% to 80% 
over control after 1 to 10 minutes of platelet pretreatment 
with PdBu but dramatically increases after subsequent 
addition of a stimulus such as vasopressin. In contrast, 
agonist-induced myosin light chain phosphorylation is 
reduced after platelet pretreatment with PdBu. The results 
indicate that protein kinase C activation enhances platelet 
aggregation and dense granule secretion triggered by 
physiologic stimuli, although it desensitizes agonist- 
induced myosin light chain phosphorylation. 

è 1987 by Grune & Stratton, inc. 


challenge with arachidonic acid or thrombin, an enhanced 
rate of secretion was observed.’ Another group found that 
preincubation (10 seconds to 2 minutes) of platelets with 
TPA caused a potentiation of serotonin secretion induced by 
thrombin or U46619 but an inhibition of arachidonate 
release, TXB,-formation, Ca’* mobilization, and e-granule 
secretion.’ The situation was further complicated if l- 
oleoyl,2-acetylglycerol (OAG) was used, since the effects 
observed were different from those caused by phorbol ester: 
If added 10 seconds to 5 minutes before or 10 to 60 seconds 
after thrombin, OAG potentiated thrombin-induced aggre- 
gation and serotonin secretion without affecting the Ca** 
mobilization." 

A clear picture of the role of protein kinase C activation 
for platelet responses triggered by physiologic agonists has 
not emerged from these studies. Because all studies (except 
part of one study, ref. 13) were done using washed platelets, 
and the washing procedure and type of resuspension buffer 
may have introduced problems of nonphysioclogic platelet 
behavior, we decided (a) to investigate the effect of phorbol 
ester on agonist-induced platelet activation in PRP, and (b) 
to find a method of preparing washed platelets that gave 
results similar to those obtained in PRP. 


MATERIALS AND METHODS 


Materials. 4a-Phorbol, 4a-phorbol 12, 13-didecanoate (4a- 
PDD), phorbol t2, 13-dibutyrate (PdBu), TPA [icentical to phorbol 
12-myristate, 13-acetate, (PMA)], and prostaglandin E, were pur- 
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PdBu. PdBu was added simultaneously with the agonists. 


chased from Sigma (St Louis}. All other substances were obtained as 
previously described." 

PRP. PRP was prepared by centrifugation (200 g for 20 min- 
utes) from 120 mL freshly drawn human blood anticoagulated with 
lig vol trisodium citrate (3.8%). PRP was incubated with | mmol/L 
acetylsalicylic acid (aspirin; dissolved as 1 mol/L solution in etha- 
nol) for 15 minutes at 37°C in most experiments and then capped 
and stored at room temperature. To exclude direct influence of 
aspirin in plasma on the results obtained, in some experiments 
(results shown in Figs 1-9) platelets were pelleted by centrifugation 
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Fig 2. Potentiation of epinephrine-induced platelet responses 
by PdBu. PdBu (100 nmol/L) or DMSO was added 5 seconds before 
epinephrine to aspirinized PRP containing CP (1 mmol/L}, CPK (10 
U/mL). Aggregation and ATP secretion were measured 2 minutes 
after addition of the agonist. The samples containing DMSO gave 
results identical to samples without DMSO. 
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Tracings of aggregation and ATP secretion of aspirinized PRP stimulated by various agonists in the presence or absence of 


(800 g for 10 minutes) after addition of PGI, (20 ng/mL) and 
resuspended in autologous platelet-poor plasma (PPP) containing 
creatine phosphate (CP) (1 mmol/L) and creatine phosphokinase 
(CPK) (10 U/mL). 

Washed platelets. In studies using washed platelets, PRP-— 
after aspirinization and addition of PGI, (20 ng/mL)—was centri- 
fuged, washed once with 10 mL buffer A (20 mmol/L HEPES, 138 
mmol/L NaCl, 2.9 mmol/L KCI, 3.3 mmol/L NaH,PO,, | mmol/L 
MgCl, | mmol/L EGTA, pH 7.4) containing apyrase (0.6 U/mL 
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Fig 3. Potentiation of U44069-induced platelet responses by 
PdBu (200 nmol/L). Conditions were the same as those described 
in the legend to Fig 2. 
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Fig 4. Potentiation of collagen-induced platelet responses by 
PdBu (200 nmol/L). Conditions were the same as those described 
in the legend to Fig 2. 
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Fig 5. Potentiation of vasopressin-induced platelet responses 


by PdBu (200 nmol/L). Conditions were the same as those 
described in the legend to Fig 2. The sampies containing 4a- 
phorbol gave results identical to controls. 
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Fig6. Potentiation of PAF-induced platelet responses by PdBu 
(200 nmol/L). Conditions were the same as those described in the 


legend to Fig 2. 


ADP’ase) and PGI, (50 ng/mL), and finally resuspended in 20 mL 
of buffer B without apyrase, PGI, and EGTA, but with CP (I 
mmol/L), CPK (10 U/mL) and CaCl, (0.1 mmoi/L). PPP at a final 
concentration of 5% was added | minute before the stimulus. 
Protein phosphorylation. PRP from 120 mL of blood—after 
aspirinization and addition of PGI, (20 ng/mL)-——-was centrifuged. 
Platelets were resuspended in 2 mL. autologous PPP containing 
apyrase (3 U/mL ADP*ase) and | wmol/L PGE,, and they were 
incubated with 8 to 10 mCi *P for 1.5 hours at 37°C. Then 20 mL of 
prewarmed (37°C) buffer A containing PGI, (50 ng/ml.) was 
added, and platelets were pelleted by centrifugation (800 g for 10 
minutes). Platelets were resuspended in 15 to 20 mL. buffer without 
EGTA or PGI, but with apyrase (0.6 U/mL ADP’ase} and 5% PPP. 
The platelet suspension was kept at room temperature. Samples (0.6 


EPINEPHRINE, 10 uM 





= 30 
z M3 
O T 
Be Fi 
3 a 
< | g a 
He Fi 
H ies 
ad <= 
g ° ? 
ʻi 
O | 4 7 2 
TIME OF PREINCUBATION, min 
Fig 7. Effect of time of platelet pretreatment with PdBu on 


epinephrine-induced platelet responses in PRP. Aspirinized PAP 
containing CP, CPK was preincubated with PdBu at 37°C for the 
time periods indicated before the addition of epinephrine. Platelet 
responses were measured 2 minutes after addition of epineph- 
rine. 
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responses of PRP and washed platelets induced by vasopressin- 
effect of time length of platelet pretreatment with PdBu. Details 
are given in the Materials and Methods section. 
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Fig 9. Effect of time of pretreatment with PdBu on responses 
of PRP and washed platelets induced by ADP. 
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mL) were transferred into aggregometer cuvettes and incubated 
with PdBu, 4-a-PDD or DMSO (1 uL} for 10 seconds to 10 minutes 
at 37°C before addition of the platelet stimulus. Aliquots (0.05 mL) 
were transferred into 0.05 mL of sample buffer containing 1% 
sodium dodecyl sulfate (SDS) and dithiothreitol (15 mg/mL) for 
measurement of protein phosphorylation. Phosphorylation of **P- 
labeled proteins was measured after separation on SDS-polyacryl- 
amide (12.5%) gel electrophoresis (PAGE) Y 

Platelet aggregation and secretion. Platelet aggregation was 
measured using either a single-channel ageregometer adjusted to 
maximal sensitivity or a Lumi-Aggregometer (Chronolog, Haver- 
town, PA). The Lumi-Aggregometer was calibrated in studies using 
PRP with autologous PPP (0.4 mL) and in studies using washed 
platelets with 0.3 mL platelet suspension diluted with 0.1 to 0.2 mL 
buffer. ATP secretion was measured in the Lumi-Aggregometer 
after addition of 0.04 mL of a mixture of Luciferin/ Luciferase 
(Chronolog). PdBu or TPA (dissolved in DMSO) was added in small 
volumes (1 to 2 ul) using an Eppendorf microliter pipette. 

Arachidonate metabolites, For measurement of production of 
arachidonate and arachidonate metabolites, PRP (50 mL) was 
centrifuged after addition of PGI (50 ng/mL), resuspended in 5 mL 
PPP containing | umol/L PGE, and apyrase (0.6 U ADP’ase/mL) 
and incubated with 100 Ci of [’H]arachidonic acid (added in 0.02 
mL ethanol) for 1.5 hours at 37°C. Platelets were centrifuged, 
washed twice with buffer A containing 10% PPP, apyrase, and PGI, 
(50 ng/mL) and resuspended in buffer B containing 10% PPP. 
CaCl, (0.1 mmol/L) was added | minute before the stimulus. 
Samples (0.5 mL) were stirred in the aggregometer at 37°C, and 
aliquots (0.1 mL) before (control) and } minute after addition of the 
stimulus were transferred into 0.6 mL of 3% glutaraldehyde/100 
mmol/L NaHPO,, Platelets were pelleted using a microfuge 
(12,000 g for 2 minutes), and the supernatant was counted for 
*H-radioactivity. 

Data analysis. Data are shown for single experiments typical of 
at least three similar experiments. The extent of aggregation is either 
expressed as deflection of the recording pen in millimeters (when the 
more sensitive aggregometer was used) or in percent change of light 
transmission (when the Lumi-aggregometer was used). The rate of 
aggregation and secretion was estimated measuring the initial slope 
of the curves plotted against a time interval of 30 seconds. 


RESULTS 


Studies in PRP. PdBu (200 nmol/L) added to aspirin- 
ized platelets suspended in plasma containing CP/CPK 
induced a slow, limited aggregation response that started 45 
to 60 seconds after addition. No ATP secretion was observed 
(Fig 1). If PdBu was added 5 to 15 seconds before or 
simultaneously with platelet stimuli such as epinephrine, 
endoperoxide analog U44069, collagen, vasopressin, PAF, or 
ADP, the rate and extent of both aggregation and ATP 
secretion induced by those agonists were greatly enhanced 
(Figs 1 through 6 and 10, Table 1), Also, PdBu (100 
nmol/L) added to normal untreated citrated PRP, poten- 
tiated platelet aggregation induced by various agonists (Ta- 
ble 2). The potentiation of platelet aggregation and secretion 
by PdBu in response to epinephrine was unique, because it 
was observed at both low and high concentrations of epineph- 
rine (Figs 2 and 11). Epinephrine alone induced only a small 
primary aggregation without ATP secretion (Fig 1). The 
PdBu-induced sensitization of platelets toward the other 
platelet stimuli was more pronounced when their concentra- 
tions were low (Figs 3 through 6). Time-course studies and 
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Fig 10. Potentiation of ADP-induced platelet aggregation by 
various concentrations of PdBu. ADP {0.5 umol/ L) or buffer was 
added 5 seconds after PdBu to PRP containing aspirin (1 mmol/L). 
Aggregation was measured 3 minutes after addition of ADP. ADP 
{0.5 umal/L) alone induced shape change without aggregation. 


dose-response curves for the different platelet stimuli in the 
presence or absence of PdBu show that platelet aggregation 
was the first response potentiated by PdBu (Figs | and 3 
through 6). Potentiation of ATP secretion by PdBu occurred 
at higher concentrations of the platelet stimulus and could 
even be observed at agonist concentrations that were maxi- 
mal for aggregation (Figs 2 through 6). 4a-Phorbol and 
4a-phorbol 12,13-didecanoate, inactive parent compounds of 
PdBu, were ineffective at inducing potentiation of platelet 
aggregation and ATP secretion (Figs 5 and 11 and Table 
2), 

Reversible aggregation responses induced by low concen- 
trations of vasopressin, PAF, U44069, or ADP became 
irreversible in the presence of PdBu. The irreversibility of 
aggregation did not seem to depend on secretion, because 
irreversible aggregation induced by low concentrations of 
U44069 plus PdBu was not associated with ATP secretion, 
and reversible aggregation induced by PAF (1 umol/L) was 
accompanied by ATP secretion (Figs 3 and 6). 

The potentiating effect of phorbol ester on stimulus- 
induced aggregation was dependent on the concentration of 
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Table 2. Potentiation of Stimulus-induced Piatelet 
Aggregation in PRP by PdBu 


Aggregation (% Light Transmission) 





Stimulus DMSO 4e-POD PBa 
Control Q 0 24% 
Epinephrine 1 umol/L 46 +3 48 +2 BG + 4 
ADP 0.5 umol/L 44+ 5* 43+ 1* 8342 
PAF 20 nmol/L 22+ 4* 16 + 2* 63242 


+ 
BO 
* 
KG 
Ox) 
it 
ha 
La 
wad 
ete 
pt 
pee 


Vasopressin 100 nmol/L 27 + 


Untreated citrated PRP {0.5 mi, 37°C) was incubated for 10 seconds 
with either DMSO (7 ul), 100 nmol/l 4a-phorbo!l 12, 13-didecancate 
{4a-PDD) or 100 nmol/L PdBu before addition of various platelet stiradi. 
Aggregation was recorded for 1 minute using a Lumi-Aggregometer. For 
increase of sensitivity, the PPP cuvette contained 0.2 mL PPP pus 0.4 
mL PRP. Results show triplicate values (mean + SD} of one of three 
typical experiments. 

*Reversible aggregation. 


the phorbol ester used (Figs 10 through 13). Although beth 
PdBu and TPA induced potentiation of platelet aggregation 
in PRP, differences between those two active phorbol esters 
exist. At equimolar concentrations (60 nmol/L), TPA was 
more effective than PdBu at inducing a significant aggrega- 
tion response (30% increase of light transmission at 3 
minutes). The potentiation of vasopressin or ADP-indueed 
platelet aggregation (measured after 1 minute) was more 
pronounced, however, for PdBu than for TPA. The 
TPA-induced potentiation of platelet aggregation was mere 
evident at later times (=2 minutes after addition of platelet 
stimuli) and concerned the extent rather than the velocity of 
the aggregation response (data not shown). 

The length of time of platelet preincubation with PdBwon 
the potentiation of platelet responses had different effects 
dependent on the type of agonist used. Upon platelet stimula- 
tion with epinephrine, preincubation with PdBu for even 12 
minutes did not diminish its synergistic effect on platelet 
aggregation (Fig 7). In contrast, if vasopressin, ADP or 
U44069 were used as platelet stimuli, the sensitizing effect of 
PdBu on platelet aggregation decreased with increasing time 
of platelet preincubation with PdBu (Figs 8 and 9; data for 
U44069 are not shown). But even following preincubation of 
platelets with PdBu for 12 minutes the extent of aggregation 
induced by low concentrations of vasopressin or U44069 was 
still higher than in the absence of PdBu (Fig 8). The rate of 


Table 1. Rate of Aggregation and Secretion Induced by Vasopressin Plus PdBu is Dependent 
on the Preincubation Time with PdBu 








Rate of Aggregation Rate of Secretion 
Stimulus Time of Preincubation A% Light Transmission Ault ATP 
(10 nmol/L) With PdBu (per 30 s} (per 30 s} 
Vasopressin — * 16 0.03 
Vasopressin 5 seconds 20 1.3 
Vasopressin 30 seconds 22 1.14 
Vasopressin 1 minute 22 0.9 
Vasopressin 2 minutes 21 0.9 
Vasopressin 4 minutes 20 0.8 
Vasopressin 8 minutes 15 0.13 
Vasopressin 12 minutes 12 0.10 





PRP preincubation with PdBu (100 nmol/L) at 37°C for the times indicated before addition of vasopressin. 


*No PdBu. 
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Fig 11. Potentiation of epinephrine-induced platelet aggrega- 


tion by PdBu. Upper panel: Epinephrine concentration curve. 
Results obtained with 4a-phorbol were similar to controls. Lower 
panel: PdBu concentration curve. Both curves were obtained from 
the same experiment. Conditions were the same as those 
described in the legend to Fig 10. 


platelet aggregation returned to control levels after pro- 
longed platelet pretreatment with PdBu (Table 1). The 
potentiation of ATP secretion by PdBu diminished with 
increasing time of platelet pretreatment with PdBu. The 
decrease in the secretory response was more rapid than the 
decrease in aggregation and was observed for all platelet 
stimuli tested (epinephrine, vasopressin, and U44069). 
Studies in washed platelets. Similarly, PdBusensitized 
platelets toward agonists in suspensions of washed aspirin- 
ized platelets suspended in buffer containing 5% PPP and 
CP/CPK (Figs 8, 9 and 14). The effective concentrations of 
PdBu (20 to 40 nmol/L) were 5 to 10 times lower than the 
concentrations needed in PRP. In comparison with the 
studies in PRP, the sensitizing effect of PdBu disappeared 
more rapidly in washed platelets with increasing time of 
PdBu pretreatment. Only upon platelet stimulation with 
epinephrine was the potentiating effect of PdBu sustained, 
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Fig 12. Potentiation of epinephrine-induced platelet aggrega- 
tion by TPA. Conditions were the same as those described in the 
legend to Fig 10. 


even if platelets were preincubated for 12 minutes before 
epinephrine was added (Fig 14). PdBu added to aspirinized 
as well as to nonaspirinized washed platelets enhanced 
aggregation and ATP secretion in response to vasopressin, 
epinephrine, and collagen. PdBu did not, however, increase 
the stimulus-induced production of arachidonate plus metab- 
olites uncer these conditions (Table 3). 

Protein phosphorylation studies showed that PdBu (20 
nmol/L) added to suspensions of washed platelets containing 
5% PPP induced only a relatively small activation of protein 
kinase C. The phosphorylation of the 40-kd protein increased 
by 20% to 90% over control dependent on the time length of 
incubation with PdBu (Fig 15). Subsequent addition of 
vasopressin potentiated protein kinase C activation as 
reflected by an increase in 40-kd protein phosphorylation 
(Fig 15). This potentiation was associated with potentiation 
of platelet aggregation (Fig 15A through C). With increas- 
ing preincubation times for PdBu, the potentiation of protein 
kinase C activation slowed and platelets started to get 
desensitized to vasopressin (Fig 15D). The potentiation of 
protein kinase C activation correlated with a reduction of 
myosin light chain phosphorylation (Fig 15). Vasopressin- 
induced myosin light chain phosphorylation was increasingly 
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Fig 13. Potentiation of vasopressin (50 nmol/L)-induced 


platelet aggregation by PdBu or TPA. Aggregation was measured 1 
minute after addition of vasopressin. Conditions were the same as 
those described in the legend to Fig 10. 
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Fig 14. Effect of time of pretreatment with PdBu on responses 
of washed platelets stimulated by vasopressin or epinephrine. 


reduced, if platelets were preincubated for 10 seconds, | 
minute, 5 minutes or 10 minutes with PdBu before addition 
of vasopressin (Fig 15). These results indicate that potentia- 
tion of vasopressin-induced platelet aggregation by PdBu 
correlated with potentiation of protein kinase C activation 
and reduction of myosin light chain phosphorylation. 


DISCUSSION 


Our study indicates that pretreatment of platelets with 
phorbol esters for various times sensitizes platelets to aggre- 
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gate and secrete upon stimulation by a wide variety of 
physiological platelet agonists. This result is surprising, 
because many studies have demonstrated that phorbol esters 
desensitize receptor-mediated responses in various cell types, 
including platelets.*'? Most of those studies were performed 
after the cells were isolated from their physiologic environ- 
ment and resuspended in an artificial medium. Our study 
clearly shows that platelets resuspended in plasma show an 
increased aggregation and secretion response to agonists 
when they are preincubated with phorbol ester. Enhanced 
platelet responses could even be observed when the preincu- 
bation time with PdBu was extended to 12 minutes. The 
sensitization became less pronounced by increasing the time 
of platelet preincubation with PdBu. Using washed platelets 
resuspended in buffer containing plasma (5%), platelets were 
also sensitized by pretreatment with phorbol ester, but the 
sensitizing effect disappeared more rapidly than with PRP. 
Our protein phosphorylation studies indicate that the 
potentiation of platelet aggregation and secretion correlated 
with a potentiation of protein kinase C activation, but myosin 
light chain phosphorylation was reduced (Fig 15). These 
results indicate that protein kinase C stimulation induced 
during platelet activation is a positive signal for aggregation 
and secretion, although other proximal biochemical 
responses such as phospholipase C activation, Ca’* mobiliza- 
tion (data not shown), and myosin light chain phosphoryla- 
tion (Fig 15) are reduced. It is particularly important for the 
interpretation of our results that PdBu-—-although added at 
relatively high concentrations to PRP (100 or 200 nmol/L) 
or washed platelets (20 or 40 nmol/L)—induced only a small 
activation of protein kinase C even after a prolonged preincu- 
bation (10 minutes) with platelets. Under our more physio- 
logic experimental conditions (presence of plasma, discoid 
platelets) protein kinase C in platelets may not be readily 
accessible to exogenous PdBu. On addition of platelet stim- 


Table 3. Effect of PdBu on Stimulus-induced Production of Arachidonate and Arachidonate Metabolites, Aggregation and ATP Secretion 
in Control and Aspirinized Platelets 





(nee renee herein Vue! itre n n h aaan nee 


Arachidonate Plus 
Metabolites in 
Aggregation ATP Secretion Supernatant 
Platelets imm} {uM ATP} lcpm 4H-radioactivity) 
Nonaspirinized platelets 
Control 0 0 1884 + 88 (10) 
PdBu 40 nmol/L 0 0 1935 + 35 (3} 
Vasopressin 20 nmol/L. 20 + O reversible 0.43 + 0.03 2028 + 130 (4) 
Vasopressin plus PdBu 87 +3 2.21 + 0.21 1915 + 61 (3) 
Epinephrine, 10 umoi/L Q 0 1912 + 30 (3) 
Collagen 2 ug/ml 80 2.18 4039 + 250 (3) 
Collagen pius PdBu 120 4.37 5137 + 410 (3) 
Aspirinized platelets 
Control 0 0 2490 + 193 {10} 
PdBu 40 nmol/L 5 0.06 2427 + 17(3) 
Vasopressin 20 nmol/L 40 + 4 reversible 0.46 + 0.09 2616 = 113 (4) 
Vasopressin plus PdBu 68 + 2 2.34 + 0.16 2463 + 79 (3) 
Epinephrine 10 pmol/L 0 0 2396 + 90 {3} 
Collagen 2 ng/mL 342 2.37 + 0.06 4169 + 35 (3) 
Collagen plus PdBu 18 +2 3.18 + 0.25 4397 + 319 (3) 


AEAEE EDTA Gee itn YALA LA MAMAS 


a ptt EB ta a ak a E eg A 
Aggregation and ATP secretion were measured after 1 minute; production of AA metabolites was measured 1.5 minutes after addition of platelet 


stimuli, 
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Fig 15. Protein phosphorylation 
(left) and aggregation tracings 
(right) of washed platelets pre- 
treated for various time lengths with 
PdBu (@-—@) or 4 a-POD (©---O) 
before the addition of vasopressin 
(VP). Suspensions (0.6 mL} of aspi- 
rinized “P-labeled platelets contain- 
ing apyrase and 5% plasma were 
preincubated for 10 seconds iA), 1 
minute {B}, 5 minutes (C}, or 10 
minutes (D) at 37°C with 4c-PDD 
{O---O, 20 nmol/L) or PdBu (@—@, 
20 nmol/L) before the addition of VP 
(50 nmol/L). Stirring was startad 30 

seconds before addition of VP. Pro- 
| tein phosphorylation (left) was mea- 
sured in 0.05-mL aliquots of the 
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TIME of controls. 


uli, however, protein kinase C becomes accessible to phorbol 
esters. The results further show that small preactivation of 
protein kinase C is not sufficient to induce desensitization of 
stimulus-induced functional platelet responses. In previous 
studies that showed desensitization of stimulus-induced 
aggregation and secretion by phorbol ester,***!' protein 
kinase C might have been readily accessible to phorbol esters 
and maximally activated. 

The platelet-aggregating effect of phorbol ester was first 
described by Zucker et al,'* who observed, on addition of 
TPA, a slow, delayed aggregation response of PRP that was 
not blocked by aspirin or ADP scavengers. We observed that 
PdBu (100 nmol/L) induced a more significant aggregation 
response if added to untreated PRP (Table 2) than if added 
to platelets pretreated with aspirin and PGI, and resus- 
pended in plasma in the presence of ADP scavengers (Fig 1). 
Previous studies clearly show that protein kinase C activation 
itself does not cause platelet aggregation and secretion. In 


the present study, we observed very little protein kinase C 
activation by PdBu. Mobilization of membrane-bound Ca?* 
by phorbol esters, as measured in aequorin-loaded platelets," 
may be more important for platelet aggregation induced by 
phorbol esters. Phorbol ester-induced Ca?* mobilization!? 
and aggregation but not protein phosphorylation (W. Siess 
and E.G. Lapetina, unpublished observations) is inhibited by 
elevation of platelet cyclic AMP levels. 

The study shows a clear sensitization of platelet responses 
to physiologic agonists by phorbol ester. The potentiation of 
protein kinase C activation may act synergistically with the 
Ca** mobilization induced by physiologic agonists and be 
responsible for the potentiation of aggregation and secretion. 
Because no attenuation of stimulus-induced functional plate- 
let responses has been found, the desensitization by protein 
kinase C activation of signal transduction mechanisms (ino- 
sitol phospholipid hydrolysis, Ca?* mobilization, myosin 
light chain phosphorylation) might not have been sufficient 
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to be physiologically relevant. On the basis of differences for 
the various agonists in the dose-response curves and in the 
decrease of sensitization with increasing time of preincuba- 
tion of platelets with phorbol ester, two different mechanisms 
underlying the observed synergism of phorbol ester with 
platelet stimuli are proposed. One mechanism involves the 
synergism of phorbol ester with epinephrine, which is not 
related to potentiation of protein kinase C activation.” The 
other underlies the synergism of phorbol ester with the other 
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agonists, which is related to potentiation of protein kinase C 
activation. In this regard, it is interesting that epinephrine, in 
contrast to all other agonists, does not cause phospholipase C 
activation. 6” 
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Bone Marrow Transplantation for Leukemia Following a New Busulfan and 
Cyclophosphamide Regimen 


By Peter J. Tutschka, Edward A. Copelan, and John P. Klein 


Busulfan 16 mg/kg and cyclophosphamide 120 mg/kg 
were used as conditioning prior to allogeneic marrow 
transplantation in 50 adult patients with acute noniympho- 
cytic leukemia {ANLL), acute lymphocytic leukemia (ALL), 
and chronic myelogenous leukemia (CML). A standard risk 
group of 20 patients included those with acute leukemia in 
remission and CML in chronic phase. A high-risk group of 
30 patients included individuals with refractory acute leu- 
kemia, acute leukemia in relapse, acute leukemia following 
preleukemia, and CML in accelerated and blastic phase. 
Complete remission and sustained complete engraftment 


LLOGENEIC BONE MARROW transplantation fol- 
lowing total body irradiation (TBI) and high-dose 
chemotherapy has provided encouraging therapeutic results 
in patients with hematologic malignancies.' Apparent cure 
of ~50% of patients with acute nonlymphocytic leukemia 
(ANLLY in first remission and chronic myelogenous leuke- 
mia (CML) in chronic phase has been achieved’: the success 
rate in acute lymphocytic leukemia (ALL) has been some- 
what lower.* Despite these results, several undesirable fea- 
tures of allogeneic marrow transplantation have limited its 
application.” First the usual side effects of the conditioning 
regimen together with prolonged periods of isolation often 
make transplantation a difficult ordeal for the patient. 
Second, common complications of marrow transplantation 
such as infections, graft-v-host disease (GVHD) and intersti- 
tial pneumonia (IP) may be lethal. Third, chronic complica- 
tions such as chronic GVHD may result in a substandard 
quality of life despite a “successful” outcome. Last, relapse 
occurs in 10% to 40% of individuals transplanted under the 
best circumstances. These problems have understandably 
dampened the enthusiasm for this therapy. 

The plateau in survival rates, observed over the recent 
past, may in large part reflect limitations of the traditional 
regimen of TBI and cyclophosphamide (Cy). Past attempts 
to replace TBI with chemotherapeutic agents have not met 
with an increased success rate.® In a previous trial using 
busulfan with higher doses of Cy than are commonly used 
with TBI, a significantly lower relapse rate for ANLL in 
remission was achieved. A higher complication rate, how- 
ever, caused a similar overall long-term disease-free survival 
as compared with TBl-containing regimens.’ 

Because busulfan is the primary antileukemic agent in our 
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were achieved in all evaluable patients. The duration of 
aplasia was remarkably short (median of 8 days), resulting 
in a low infection rate during the period of neutropenia, a 
reduced need for blood product support, and a short length 
of hospital stay. Three-year actuarial relapse-free survival 
in both standard-risk (88.9% + 10.5%) and high-risk 
(50.5% + 9.6%) groups compares favorably with that 
reported with total body irradiation (TBI) containing regi- 
mens. 

© 1987 by Grune & Stratton, Inc. 


regimen and because of the high complication rate in the 
previous trial, we used as a new conditioning regimen the 
same dose of busulfan but a lower dose of Cy. We describe 
the activity of this regimen in 50 consecutive adult patients 
transplanted with CML in chronic, accelerated, or blastic 
phase, and with ALL and ANLL in first or second remission, 
in relapse, or with refractory disease. 


MATERIALS AND METHODS 


All patients were entered on a study protocol that had been 
reviewed and approved by The Ohio State University Institutional 
Review Board. 

Patient accrual. Fifty adult patients were consecutively entered 
into the study. Eligibility for the study required a diagnosis of ALL, 
ANLL, or CML, regardless of the remission status. All patients 
were ambulatory, had an HLA-identical sibling donor, and were 
aged >15 and <50 years. No other medical parameters were used as 
exclusion criteria. All diagnoses of leukemia were confirmed by 
examination of the bone marrow aspirate and biopsy. On admission, 
all patients had a bone marrow aspirate and bone marrow biopsy as 
well as a diagnostic lumbar puncture to assess the status of the 
leukemia. Presence of leukemic cells in the spinal fluid was not an 
exclusion criterion. All data are analyzed as of February 14, 1987. 
The patients were transplanted betwen February 13, 1984 and 
August 14, 1986; therefore, the observation period for these patients 
has been a minimum of 6 months and a maximum of 3 vears. 

Study groups. The study involved two groups of patients. A 
standard-risk group consisted of patients with acute leukemia in the 
first or second remission, or CML in the chronic phase. Twenty 
patients, 11 with ANLL in remission, 2 with ALL in remission, and 
7 with CML in chronic phase were in this group. 

The high-risk group consisted of 30 patients with refractory acute 
leukemia, acute leukemia in relapse, or CML in accelerated or 
blastic phase. Refractory acute leukemia was defined as leukemia 
that failed to remit after two courses of conventional chemotherapy. 
Patients were considered to be in the accelerated phase of CML if 
they had =10% blasts in blood or marrow together with major 
perturbations of the leukocyte or platelet count unresponsive to 
chemotherapy with busulfan or hydroxuyrea. They were considered 
to be in the blastic phase if they had = 30% blasts in the blood or bone 
marrow. Among the patients in the high-risk group were two 
previously untreated patients in whom leukemia developed after a 
preleukemic syndrome (UPN 4 and UPN 17). 

Twelve patients had ANLL, 4 had ALL, and 14 patients had 
CML in accelerated (n = 9), or blastic phase (n = 5). 

Patient criteria, The median age of the recipients was 28 years 
(range 15 te 50 years). The median age of patients in the standard- 
risk group was 32 years (range 19 to 50 years), and the median age of 
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the high-risk group 27 years (range 15 to 48 years). Thirty-four 
patients were male and 16 patients were female. Thirty-four patients 
were sex matched with their recipients (20 male to male, 9 female to 
female transplants), and 16 patients were sex mismatched (6 male to 
female and 10 female to male transplants). All patients were 
identical for A, B,C, D/Dr locus with their allogeneic sibling donors. 
When possible, genotypical analysis of the entire family was 
performed. Seven patients had major blood group mismatches with 
their donors. The erythrocytes were removed from the marrow 
inoculum of these donors by centrifugation prior to the marrow 
infusion.® 

Bone marrow donors. All donors were required to give informed 
consent prior to the procedure. All donations were carried out under 
general anesthesia. The technical aspects of the procedure have been 
described elsewhere.’ All donors tolerated the marrow aspiration 
well and were discharged between | and 2 days after the marrow 
harvest. No significant complications of the marrow harvest proce- 
dure occurred. 

Preparative regimen. All patients were given methotrexate 
intrathecally (10 mg/m? of body surface but not more than 12 mg 
total) ~10 days prior to marrow transplantation. Three patients who 
had central nervous system (CNS) leukemia at the beginning of the 
transplant procedure were given four intrathecal treatments of 
methotrexate. Patients received busulfan orally at a dose of 1 mg/kg 
of ideal body weight four times daily for 4 consecutive days for a 
total dose of 16 mg/kg. Cyclophosphamide at a daily dose of 60 
mg/kg of ideal body weight was administered intravenously (IVY) 
over a !-hour period for 2 consecutive days. Bone marrow was 
infused 2 days after the final dose of Cy. 

Supportive therapy. On the day of hospitalization, all patients 
were placed in ultraclean rooms equipped with HEPA-filtered 
laminar air flow. Patients were treated in strict isolation. “Sterile 
diet” with very low bacterial content was begun on day ~4 together 
with oral Clotrimazole and oral Trimethoprim-Sulfamethoxazole. 
Nonabsorbable antibacterial antibiotics were not used. All patients 
had a double-lumen and a single-lumen right atrial catheter placed. 
All patients received IV a commercial immunoglobulin preparation 
(Sandoglobulin®) at a dose of 500 mg/kg every 2 weeks starting | 
week prior to transplant and ending at day 120 after transplant. The 
first 31 patients did not receive immunoglobulin after that time, but 
the 19 most recently transplanted patients were given the same 
immunoglobulin preparation monthly until day 365. In an attempt to 
prevent hemorrhagic viral gastroenteritis, the same immunoglobulin 
preparation was given orally at a daily dose of 50 mg/kg in four 
divided doses, starting at day 2 after transplant and maintained until 
day 28.' All blood products administered were derived from volun- 
teer donors who had a negative antibody titer against cytomegalovi- 
rus. 

Transplantation and evaluation of engraftment. The bone mar- 
row was infused on day 8 through a right atrial catheter over 4 hours. 
All patients tolerated the infusion well. The mean number of 
nucleated marrow cells infused was 5.17 x 10° + 0.25 (+1 SE)/kg 
body weight of the recipient. This number was not corrected for 
peripheral blood contamination. Engraftment was assessed indi- 
rectly by peripheral blood counts and periodic marrow examinations. 
An average of four routine marrow examinations were carried out 
for each transplant course, the last one performed between 120 and 
160 days (mean 147 days) after transplant. After that time, bone 
marrow examinations were only carried out if hematologic and 
cytogenetic parameters measured in the peripheral blood suggested 
the recurrence of leukemia. Engraftment was measured directly by 
cytogenetic markers, when available (sex or autosomal markers), 
RBC enzymes, and RBC antigens. 

Determination of remission status posttransplantation. Pa- 
tients were considered to be in complete remission (CR) after 
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transplantation for acute leukemia if they showed a completely 
normal bone marrow and peripheral blood status together with the 
absence of lymphohematopoietic cells of recipient origin by cytoge- 
netic analysis. 

Patients were considered to be in complete remission after trans- 
plantation for CML if they showed a completely normal bone 
marrow and peripheral blood status together with the absence of 
lymphohematopoietic cells of recipient origin by cytogenetic analy- 
sis, Patients who showed the presence of the Philadelphia chromo- 
some prior to transplantation required the complete and persistent 
disappearance of this chromosomal abnormality after transplanta- 
tion to qualify for complete remission status. 

GVHD. All patients received a combination of cyclosporine and 
methylprednisolone to prevent GVHD. Cyclosporine started 1 day 
prior to transplantation and was given as a continuous infusion of 5 
mg/kg daily for 4 days. After that time, the dose of cyclosporine was 
reduced to 3 mg/kg given IV over 6 hours daily until day 14. From 
day 14 through day 35, the dose of cyclosporine was increased to 
3.75 mg/kg given IV. Thereafter, cyclosporine was slowly tapered 
until day 180, after which time it was discontinued. At discharge, 
patients were given oral cyclosporine at a dose four times higher than 
the IV dose. Methylprednisolone was started on day 7 at a dose of 0.5 
mg/kg/day. On day 14, the dose was increased to | mg/kg/day and 
was given until day 28. Then, until day 72, the methylprednisolone 
was slowly tapered. All patients received prophylaxis for CNS 
leukemia. Between day 70 and day 90 after bone marrow transplant, 
four intrathecal doses of 10 mg/m? each of methotrexate were 
administered over 2 to 4 weeks. 

Acute GVHD was assessed according to the grading system 
described in the literature. Chronic GVHD was assessed using 
descriptive criteria reported previously. Patients were assumed to 
have chronic GVHD if they had the typical features of the disease’ 
and/or were given adrenal steroids after day 100. Patients with 
chronic GVHD were divided into three groups according to severity, 
grade | disease showing mild symptoms that resolve within 2 
months, grade 2 showing mild symptoms that require 2 to 6 months 
for resolution without sequelae, and grade 3 disease showing marked 
symptoms that require >6 months of therapy. 

Other common complications. Interstitial pneumonia was diag- 
nosed when bilateral interstitial /alveolar infiltrates on chest x-ray 
were associated with hypoxemia (PO, on room air of «65 mm Hg). 
Hemorrhagic gastroenteritis was diagnosed when diarrhea of 
greater than 1,000 mL/day was present that was either bloody or 
maroon and persisted for >3 days. 

Statistical analysis. Estimates of survival probabilities and the 
probability of being in remission were computed by using the 
product-limit estimates of Kaplan and Meier. In estimating the 
probability of being in remission, we treated those patients who died 
free of leukemic disease as censored observations. A Cox’s propor- 
tional-hazards analysis was performed in each of the clinical vari- 
ables displayed in Tables | and 2. Significance was judged using the 
maximum likelihood chi-squared statistic.“ 


RESULTS 


Early toxicity of the preparative regimen. The prepara- 
tive regimen was generally very well tolerated. Mild nausea 
and vomiting were noted during busulfan administration in 
nine patients; the remaining patients all tolerated busulfan 
well. On the days during which Cyclophosphamide was 
administered, most patients experienced nausea and vomit- 
ing requiring antiemetic therapy. None of the patients 
developed severe oral mucositis, but most patients com- 
plained of mild sore throat between 7 and 11 days after 
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Table 1. Cytogenetic Analysis of Cells in Peripheral Biood 


No. of No.of Median No. of Total Donor 

Time Sampies Patients Day Donor Celis Celis Celis (%}) SE 
0-20 26 22 17 438 513 85.4 1.56 
21-40 32 24 29 403 514 78.4 1.81 
41-70 35 23 60 537 634 84.7 1.43 
71-100 36 25 84 707 777 91.0 1.02 
101-160 25 21 130 620 665 93.2 0.97 
161-220 18 15 184 395 404 97.8 0.73 
221-365 29 18 284 608 613 99.2 0.36 
>365 25 9 593 491 491 100.0 0.00 


transplant. Of the 50 patients, 32 had no evidence of 
hemorrhagic cystitis. Eight showed minimal microscopic 
hematuria, 5 patients showed macroscopic hematuria, and 5 
patients showed severe hemorrhagic cystitis. Clinical symp- 
toms of venoocclusive disease occurred in one patient (UPN 
37), but resolved without any sequelae. 

Antileukemic effect. With the exception of one patient 
who died on day 2 (UPN 38), all patients experienced a 
complete remission. This includes all patients with refractory 
disease and those in blast crisis of CML. 

None of the patients transplanted in the standard-risk 
group to date have shown evidence of relapse. Among the 30 
patients in the high-risk group, five patients all transplanted 
for acute leukemia experienced a clinical relapse (UPN 2, 7, 
22, 35, and 52). Of the 14 patients transplanted for CML in 
accelerated or blastic phase, only one patient has shown 
evidence of relapse by cytogenetic analysis (UPN 21). This 
patient, who developed recurrence of the Philadelphia chro- 
mosome in the marrow, was retransplanted using the same 
conditioning regimen. She is alive, disease-free 777+ days 
after the first transplant and 185+ days after the second 
transplant. The remaining 13 patients transplanted for CML 
in the accelerated or blastic phase to date remain in complete 
remission with a normal bone marrow and peripheral blood 
status, absence of the Philadelphia chromosome, and pres- 
ence of lymphohematopoietic cells of exclusively donor type. 
A Kaplan-Meier product limit estimate for the probability of 
being in remission is shown in Fig 1. 

Engraftment and marrow function. One patient who 
died on day 2 from cardiac failure (UPN 38) could not be 
evaluated for engraftment. One other patient (UPN 71) 
showed a recovery marrow on day 14, but never reached a 
WBC that exceeded 1.0 x 10°/L or a platelet count of 40 x 
10°/L. The remaining 48 patients all showed complete and 
sustained engraftment. The patients maintained a WBC 
level >1.0 x 10°/L for a median of 5 days after marrow 
infusion, after which time most patients’ counts fell precipi- 
tously. At a median of 13 days (range 10 through 35) they 
achieved a WBC level >0.5 x 10°/L and a level >1.0 x 


Table 2. Clinical Parameters Associated With Survival 
(Cox-Hazards} 








Parameter P Value SE P Value Relative Risk 
Refractoriness 1.79 0.69 0.0034 5.98 
interstitial pneumonia 1.28 0.319 0.0001 3.60 
Acute GVHD (=grade 2) 2.61 0.872 0.0028 13.59 
Hemorrhagic cystitis 2.584 068 0.0001 13.316 
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Fig 1. Probability of being in remission for patients trans- 
planted in the standard-risk group v the high-risk group. Standard 
risk 100%, —O—; high risk 65.5% + 11.1 (SE), —-A--. 


10°/L at a median of 15 days (range 11 through 36). The 
median time to reach a self-sustaining platelet count of 40 x 
10°/L was 19 days (range 11 through 38). Bone marrow 
biopsies obtained on day 14 after transplant showed the 
presence of all hemapoietic cell lines, including megakaryo- 
cytes in all patients except the one patient who could not be 
evaluated for engraftment (UPN 38). 

The degree of chimerism was assessed primarily by cyto- 
genetic analysis. Cytogenetic analysis of the bone marrow 
was performed with each bone marrow aspirate. Cytogenetic 
analysis of the peripheral blood was performed every 2 weeks 
during the first 3 months and thereafter at each visit of the 
patient to the transplant center. 

At day 14 after transplant, all patients had a marrow 
aspirate performed. Twenty-three patients showed techni- 
cally sufficient cytogenetic preparations (14 sex markers and 
9 autosomal markers) with a mean of 12.6 metaphases 
examined per patient. All cells identified cytogenetically at 
day 14 were of donor origin. 

At least one second bone marrow examination was carried 
out, the latest performed at a mean of 123 days after 
transplantation. Twenty-six patients showed technically suf- 
ficient cytogenetic preparations with a mean of 18.4 meta- 
phases examined per patient. Of these 26 patients, 24 had 
exclusively donor cells in their marrow. One patient (UPN 
66) showed two of ten metaphases to be of recipient type at 
71 days after transplant. He remains in complete remission 
on day 243+ after transplantation. One other patient (UPN 
13) showed | of 17 cells to be of recipient type on day 446 
after transplant. This patient, transplanted for CML in blast 
crisis, remains alive in complete remission on day 919 + after 
transplantation. 

The cytogenetic analysis of the peripheral blood cells can 
be summarized as follows. Two hundred twenty-six samples 
were taken from 34 patients or an average of 6.64 samples 
per patient. The median number of samples per patient was 
6.5 (range 1 to 15). Four thousand six hundred eleven cells 
were examined, an average of 20.40 per sample or 135.61 per 
patient. The number of cells per patient examined ranged 
from 13 (1 determination) to 390 (15 determinations). The 
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median number of cells per patient examined was 115.5. The 
median number of cells per sample was 20 (range 1 to 50). 
The mode was 32. The median day of these examinations was 
87.5 (range 12 to 767). The interquartile range was 117.5. 
Four thousand one hundred ninety-nine (4,199) of the cells 
examined were classified as donor cells (91.06% with an SE 
of .42%). 

During the first 20 days, 85.4% of the cells were classified 
as donor. With time, the number of donor cells increased 
steadily until by day 365 after transplant only donor cells 
could be identified in the peripheral blood. A breakdown of 
the quantitative analysis over time is given in Table 1. 

Support during the first 30 days after transplanta- 
tion. Due to the brief period of aplasia, relatively few blood 
products were required to maintain a hemoglobin of =10 
g/dL and a platelet count of =20 x 10°/L. Patients trans- 
planted in the high-risk group were given a median of 5 U 
RBCs (range 0 through 42) and five transfusions of single 
donor platelets (range 0 through 137). The patients trans- 
planted in the standard-risk group received a median of 3 U 
RBCs (range 0 through 10) and a median of four transfu- 
sions of platelets (range 0 through 20). Eleven high-risk and 
eight standard-risk patients (38%) did not develop a tem- 
perature >100.5°F in the first 30 days and required no 
therapeutic antibiotics. Only one patient was given ampho- 
tericin-B for a fungal infection (UPN 71). One patient was 
documented to have bacteremia with Pseudomonas aerugi- 
nosa (UPN 43), probably derived from a cutaneous Pseudo- 
monas abscess that antedated the transplant procedure. This 
patient responded promptly to appropriate antibiotic thera- 
py. Two patients developed stomatitis with herpes simplex 
virus, which responded to Acyclovir. Three patients devel- 
oped Candida esophagitis documented by endoscopy. All 
three responded promptly to oral nonabsorbable antifungal 
agents. Patients were discharged from the hospital when 
their granulocyte count was >0.5 x 10°/L on three succes- 
sive days and platelet and RBC counts were self-sustaining. 
Furthermore, they were required to be afebrile, off thera- 
peutic antibiotics, and no longer receiving parenteral nutri- 
tion. The median day of discharge of all patients was 22 days 
(range 18 to 71), of the patients in the standard-risk group it 
was 21 days (range 18 to 33), and of the patients in the 
high-risk group it was 26 days (range 19 to 71). 

GVHD. Acute GVHD was present in 15 patients. Of 
these fifteen patients, eleven showed grade 1 disease, one 
showed grade 2 disease, two showed grade 3 disease, and one 
showed grade 4 disease. All three patients with severe 
GVHD (grades 3 and 4) died in part from the GVHD. 
Chronic GVHD of grade | occurred in 5 patients, chronic 
GVHD of grade 2 occurred in 15 patients, and chronic 
GVHD of grade 3 occurred in 5 patients. Chronic GVHD 
resolved with no sequelae in all but two patients. Chronic 
GVHD was associated with death in 2 patients with grade 3 
disease. Chronic GVHD has been completely absent to date 
in 16 of the 35 surviving patients. Of the 45 patients 
surviving 100 days, 19 or 42% have shown clinically signifi- 
cant chronic GVHD of grade 2 or greater at any time during 
their transplant. 

Interstitial pneumonia and hemorrhagic gastroenteri- 
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tis. Interstitial pneumonia occurred in six patients, four of 
whom died with the disease. In 2 patients cytomegalovirus 
could be identified by bronchoalveolar lavage, 2 patients had 
idiopathic interstitial pneumonia, and | patient each had 
pneumonia associated with Legionella and Pneumoncystis 
carinii. Two patients developed hemorrhagic gastroenteritis. 
In one of the two patients, hemorrhagic gastroenteritis was 
associated with severe GVHD, of which the patient died. The 
other patient recovered. 

Late infections. Late infections (past day 50) occurred 
in 13 patients. Two patients developed systemic fungal 
infections (Candida albicans, UPN 24; Aspergillus fumiga- 
tus, UPN 19), and 12 patients developed bacterial infections, 
all with gram-positive organisms. Of these 12 bacteria! 
infections, 8 were caused by Streptococcus pneumoniae, and 
4 by Staphylococcus epidermidis. All bacterial infections 
presented with fever and minimal associated clinical symp- 
toms and had documented bacteremia. Most bacterial infec- 
tions (11 of 12) occurred after day 120 and have not been 
seen after IV immunoglobulin therapy was extended to | 
year posttransplant. 

Survival. Of the 50 patients transplanted, 35 remain 
alive in unmaintained clinical remission. The actuarial 3- 
year survival rate of this patient population is 65%. The 
survival curves for all patients transplanted are shown in Figs 
2 and 3. All patients in the standard-risk group transplanted 
for either ANLL or CML are disease-free survivors, and 
only | of the 20 patients transplanted in the standard-risk 
group (for ALL, UPN 19) has died. This death was 
associated with chronic GVHD and systemic Aspergillus 
infection, the patient being in complete remission at the time 
of death. 

Of the 30 patients transplanted in the high-risk group, 16 
are alive at present in unmaintained clinical remission. Nine 
of the 14 patients transplanted for CML in accelerated or 
blastic phase are alive, and 7 of the 16 patients transplanted 
for advanced acute leukemia are alive in unmaintained 
complete remission. The survival curves for these patient 
groups are shown in Figs 4 and 5. 


Parameters affecting survival. Parameters that might 
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Fig 2. Probability of survival for patients transplanted in the 


standard-risk group v the high-risk group. Standard risk 88.3% + 
10.5 (SE), ~O-—; high risk 50.6% + 9.6 (SE), ~4--. 
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Fig 3. Probability of survival of all patients transplanted. 
Survival 64.9% + 7.6 (SE), —-O—. 


affect survival were entered into a Cox regression propor- 
tional hazards model for death as outcome variable. The 
parameters included: diagnosis; disease status; risk group; 
age and sex of the recipient; time of return of blood counts; 
day of discharge; number of late infections; and the compli- 
cations of hemorrhagic cystitis, hemorrhagic gastroenteritis, 
interstitial pneumonia, acute GVHD, and chronic GVHD. 
Refractory disease, interstitial pneumonia, hemorrhagic cys- 
titis, and acute GVHD of grade 2 or greater were all 
significantly associated with death. These data are shown in 
Table 2. 


DISCUSSION 


Busulfan and Cy are an attractive combination for pre- 
transplant conditioning. Preclinical studies in a rat model 
have demonstrated the importance of myelosuppression in 
combination with immunosuppression for preparing marrow 
graft recipients.’ In this model, the addition of busulfan, a 
nonimmunosuppressive but highly myelotoxic agent, to Cy, a 
moderately myelotoxic but highly immunosuppressive agent, 
permitted the reduction of Cy without compromising 
engraftment.'® Previous clinical trials using a combination of 
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Fig 5. Probability of survival for patients transplanted for 
ANLL in the standard-risk group v the high-risk group. Standard 
risk 100%, —O-: high risk 47.6% + 15 (SE}, —A—. 


busulfan and high-dose Cy demonstrated excellent antileu- 
kemic efficacy, but serious toxicity similar to TBl-containing 
regimens."’ The present study attempted to show that the 
reduction of Cy would not compromise antileukemic effec- 
tiveness of the combination, but would markedly reduce the 
complication rate. The reduction of Cy to 120 mg/kg, the 
commonly used dose in TBI-containing regimens, permitted 
furthermore the direct comparison of busulfan to.TBI in the 
hope of achieving overall a lower complication rate. 

The data presented in this report bear out these predic- 
tions. The preparative therapy was well tolerated, and apart 
from moderate yet transient nausea and vomiting associated 
with Cy, no immediate toxicity occurred. Apart from one 
patient who died too early for evaluation, all patients, 
including those with refractory leukemia or in blastic phase 
of CML, achieved complete remissions and complete sus- 
tained engraftment. As predicted from the animal model, 
marrow recovery occurred rapidly. Fully functioning hema- 
topoietic grafts were usually achieved within the first 2 weeks 
after transplantation. It is tempting to speculate that the 
busulfan, by virtue of its “space making” properties, was 
responsible for this short aplasia.*'* It is equally possible, on 
the one hand, that the avoidance of TBI was less damaging to 
the microenvironment, permitting earlier engraftment. On 
the other hand, substituting cyclosporine and methylpredni- 
solone for methotrexate in the prevention of GVHD might 
have reduced the induced aplasia after transplantation. This 
short period of aplasia resulted in a markedly reduced need 
for blood product support and, most important, in a surpris- 
ingly low incidence of infectious complications. There was a 
virtual absence of bacteremia (one patient) and only one 
patient required amphotericin-B administration, Other com- 
mon complications, such as acute GVHD were also infre- 
quent. The low incidence of severe acute GVHD may have 
resulted from prophylaxis with a new combination regimen 
of cyclosporine/methylprednisolone. The low incidence of 
early infectious complications resulting from short aplasia, 
lesser amounts of tissue toxicity, and ultraclean environ- 
mental conditions may have led to a reduced incidence of 
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GVHD, a postulate supported by a number of preclinical and 
clinical observations." 

It is unclear to what extent the reduced incidence of 
interstitial pneumonia can be credited to the preparative 
regimen. Because radiotherapy and acute GVHD contribute 
to the development of interstitial pneumonia,’? the low 
incidence in our study is probably not just a spurious 
observation. Furthermore, the patients received IV immuno- 
globulin preparations and blood products derived from 
cytomegalovirus-antibody—negative donors, both procedures 
reportedly associated with a lower incidence of viral intersti- 
tial pneumonia.” 

Late complications seen after allogeneic bone marrow 
transplantation were not altered in frequency when com- 
pared with TBI-containing regimens. Some patients devel- 
oped gram-positive bacteremias after 100 days, none of 
which led to the death of the patients. These often quite 
insidious infections have not been observed since the admin- 
istration of IV immunoglobulin was extended to | year 
posttransplant. 

Similarly, chronic GVHD occurred frequently. Fortunate- 
ly, this complication has been very mild and in most patients 
chronic GVHD has resolved completely without sequelae. 

The antileukemic efficacy of this regimen is apparent. 
Although the disease-free survival in regular-risk patients so 
far is outstanding, clearly additional follow-up time is 
required to ascertain that these patients are indeed cured. 
The excellent results achieved in advanced disease demon- 
strate a potent antileukemic effect, however. The results in 
accelerated and blastic phase of CML compare favorably to 
published results in recent studies that use TBI and Cy.’ 

The patients studied here were at high risk for several 
reasons. They were older than patients in most comparable 
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studies, some of our patients being 50 years old. Older age 
clearly increases the transplant risk.” Many had advanced 
disease, including high-risk factors such as pretransplant he- 
patic dysfunction, cytogenetic abnormalities, CNS disease, 
and cutaneous involvement, all parameters associated with 
poor prognosis. 

The results of this study are encouraging. This regimen 
may be more effective and less toxic than TBl-containing 
regimens for patients generally considered to be good trans- 
plant candidates, eg, those with acute leukemia in remission 
and CML in chronic phase. In addition, this regimen offers 
promise in circumstances such as CML in accelerated or 
blastic phase and in refractory acute leukemia in which 
transplantation results have been so poor that valid questions 
as to the appropriateness of allogeneic marrow transplanta- 
tion have been raised. Furthermore, the low toxicity of this 
regimen might permit the use of additional antilenkemic 
agents in patients with advanced disease. 

This report suggests that this new regimen provides an 
alternative to traditional conditioning regimens that include 
TBI. It offers substantial promise in decreasing the morbid- 
ity and improving the outcome of patients undergoing allo- 
geneic marrow transplantation. 
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Effect of Oxalate and Malonate on Red Cell Metabolism 


By Ernest Beutler, Linda Forman, and Carol West 


The addition of oxalate to blood stored in Citrate- 
phosphate-dextrose (CPD) produces a marked improve- 
ment in 2,3-diphosphoglycerate (2,3-DPG) preservation; an 
increase in 2,3-DPG levels can also be documented in 
short-term incubation studies. Oxalate is a potent in vitro 
inhibitor of red celi lactate dehydrogenase, monophospho- 
glycerate mutase, and pyruvate kinase (PK). In the pres- 
ence of fructose 1,6-diphosphate the latter inhibitory 
effect is competitive with phospholenol)pyruvate (PEP). 
Determination of the levels of intermediate compounds in 
red cells incubated with oxalate suggest the presence of 
inhibition at the PK step, indicating that this is the site of 
oxalate action. Apparent inhibition at the glyceraldehyde 


VER A DECADE AGO it was demonstrated that 
ascorbic acid exerted a favorable effect on the 2,3- 
diphosphoglycerate (2,3-DPG) level of erythrocytes in stored 
blood.'” Subsequent studies revealed that ascorbic phos- 
phate, a more stable derivative of ascorbic acid had a similar 
effect.’ Although this phenomenon has been confirmed 
repeatedly,*° our investigation of the mechanism of the 
ascorbate effect failed to provide an explanation for the 
increase in 2,3-DPG that occurred.'”* Specifically, we could 
not find significant inhibition of glycolytic enzymes by 
ascorbate,' no evidence of oxidation of either NADH or 
NADPH, and no evidence that the ascorbate was metabo- 
lized or that it exerted a significant effect on intracellular 
pH.’ 

Recently, Kandler et al’ found that in contrast to the usual 
preparations, highly purified ascorbic acid and ascorbic 
phosphate had no effect on the 2,3-DPG of stored red cells. 
Searching for a contaminant that might explain the effect of 
less purified batches, they discovered that oxalate found in 
the ascorbate preparations could account for the effect on the 
2,3-DPG levels of red cells in stored blood. 

We now report on the effects of oxalate on the metabolism 
of human erythrocytes, identifying some of the inhibitory 
actions that may explain the effect of this compound on 
2,3-DPG levels. We have also explored the effect of malonic 
acid, a natural metabolic intermediate and the 3-carbon 
analogue of the 2-carbon dicarboxylic acid, oxalic acid, on 
2,3-DPG levels. 


MATERIALS AND METHODS 


After obtaining informed consent, blood samples from normal 
blood donors were drawn into citrate-phosphate-dextrose (CPD), for 
storage studies at 4°C or into | mg/mL ethylenediamine tetracetic 
acid (EDTA) for short-term incubations at 37°C. Potassium oxalate 
and sodium malonate were purchased from Sigma Chemical Com- 
pany, St. Louis. 

Unless otherwise indicated red cell enzyme activities were mea- 
sured using standard methods, ° adding the stated amount of oxalate 
to the assay system. Pyruvate kinase (PK) activity was estimated 
using a system in which the generation of adenosine triphosphate 
(ATP) is measured in order to circumvent the inhibitory effect of 
oxalate on the lactate dehydrogenase reaction used as an indicator in 
the standard method. In this technique, the reaction mixture con- 
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phosphate dehydrogenase step is apparently due to an 
increase in the NADH/NAD ratio. Oxalate had no effect on 
the in vivo viability of rabbit red cells stored in CPD 
preservatives for 21 days. Greater understanding of the 
toxicity of oxalate is required before it can be considered 
suitable as a component of preservative media, but appre- 
ciation of the mechanism by which it affects 2,3-DPG levels 
may be important in design of other blood additives. 
Malonate, the 3-carbon dicarboxylic acid analogue of oxa- 
late did not inhibit pyruvate kinase nor affect 2,3-DPG 
levels. 

® 1987 by Grune & Stratton, Inc. 


tained the following: 100 mmol/L Tris-HCl, pH 8: 0.5 mmol/L 
EDTA; 10 mmol/L MgCl, 100 mmol/L KCI; 0.2 mmol/L NADP; 
2 mmol/L glucose; 1.5 mmol/L adenosine diphosphate (ADP); 0.1 
U each of glucose-6-phosphate (G-6-P) dehydrogenase and hexoki- 
nase. The reaction was started by the addition of phospho(enoi jpyru- 
vate (PEP) to provide a concentration of 5 mmol/L. The effect of 
oxalate on the kinetics of the PK reaction were studied using 
partially purified PK.'' Diphosphoglycerate phosphatase (DPGP) 
activity was measured by estimating morganic phosphate {P} 
release from labeled 2,3-DPG." 

ATP, 2,3-DPG, and pyruvate and lactate levels were measured 
spectrophotometrically as previously described.” G-6-P, fructose- 
6-phosphate (F-6-P), fructose-1,6-diphosphate (PDP), dihydroxy- 
acetone phosphate (DHAP), glyceraldehyde-3-phosphate CGAP}, 
3-phosphoglyceric acid (3-PGA), 2-phosphoglyceric acid (2-PGA)}, 
and PEP were all measured fluorometrically.'” In some instances, 
the levels of DHAP, GAP, and FDP were sufficiently elevated in the 
erythrocytes so that their levels could also be measured by a 
spectrophotometric modification of the standard fluorometric tech- 
nique. The internal pH of stored red cells was measured at 4°C using 
a Corning model 150 witha glass electrode, packing the erythracytes 
by centrifugation, freezing, and thawing. Rec cell viability was 
studied in New Zealand white rabbits using the combined ?"Tc-"'Cr 
method."? 


RESULTS 


Cold storage of CPD anticoagulated blood with and 
without oxalate. Four hundred fifty milliliters of blood 
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from each of four normal donors was collected into 63 mL of 
CPD and into CPD containing sufficient potassium oxalate 
to provide a final concentration of 500 umol/L. The blood 
was stored at 4°C, mixed at intervals, and the levels of ATP 
and 2,3-DPG were determined. The results of these investi- 
gations are shown in Fig |. There was no difference in 
internal red cell pH for the first 2 weeks of storage. At 3 
weeks the internal pH of the samples with oxalate averaged 
0.061 U higher and at 4 weeks 0.11 U higher than the 
controls. The initial determination of red cell ATP and 
2,3-DPG levels was made after the anticoagulated blood had 
been held at room temperature for approximately two hours. 
It was apparent that ATP levels in blood collected into 
oxalate-containing anticoagulants had already declined sub- 
stantially in this brief time. This immediate effect of oxalate 
on red cell ATP levels was confirmed in other studies (data 
not shown). Over the 4-week storage period oxalate greatly 
improved preservation of 2,3-DPG but had a markedly 
deleterious effect on ATP levels. The same experiment was 
carried out with a final oxalate concentration of only 50 
nmol/L. The results of this study are shown in Fig. 2. 

The effect of oxalate on red cell enzyme activities. The 
effect of 500 umol/L potassium oxalate on red cell enzyme 
activities is summarized in Fig 3. The enzyme most sensitive 
to inhibition by oxalate was found to be lactate dehydrogen- 
ase (LDH), followed closely by monophosphoglyceromutase 
(MPGM) and then by PK. In contrast to the effect of 
oxalate, 5 mmol/L malonate failed to inhibit erythrocyte 
MPGM, PK, or LDH activity. The effect of oxalate on PK 
kinetics is shown in Fig 4. The inhibition of PK by oxalate 
was competitive with PEP in the presence of FDP, the 
allosteric effector of PK, but noncompetitive in the absence 
of FDP. 

The effect of oxalate on red cell metabolism at 
37°C. Estimation of the levels of metabolic intermediates 
other than ATP and 2,3-DPG at the end of the 28-day 
storage period proved to be unreliable because of the very 
large amounts of pyruvate and lactate that had accumulated. 
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Fig 1. 2,3-DPG and ATP levels of blood stored in CPD (O, @) 
and CPD plus sufficient oxalate to provide a final concentration of 
500 zmol/L (O, W). Four 450 mL units of blood were studied. Each 
point represents the mean of two observations. The 0 time points 
were obtained after a one to two hour holding period at room 
temperature. Following this the samples were stored at 4°C and 
mixed only at the time of sampling. 
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Fig 2. The same as Fig 1, except that the oxalate concentra- 


tion was only 50 pmol/L. 


However, studies of the effect of oxalate on red cell interme- 
diates could readily be carried out on red cells incubated in 
autologous plasma for several hours at 37°C, since a rise in 
the red cell 2,3-DPG level was demonstrable under these 
conditions. It was necessary to use an anticoagulant other 
than CPD for such studies, because of the very substantial 
effect that temperature exerts on the pH of blood. It is ~0.7 
pH units higher at 4°C than at 37°C" and the citrate 
preservatives provide an unsuitable medium for study of 
metabolism at the latter temperature. A suspension of red 
cells in EDTA anticoagulated plasma incubated under a 
suitable CO,-air atmosphere is very suitable for such investi- 
gations. Preliminary studies showed that maximum elevation 
of red cel. 2,3-DPG levels could be observed after four to 
six hours incubation at 37°C and that the amount of phos- 
phate in p.asma was insufficient to support an optimal effect 
of oxalate on 2,3-DPG concentration. 

Erythrocytes from blood drawn into EDTA anticoagulant 
were resuspended at a hematocrit of 30% in their own 
plasma. Sufficient KH,PO,/K,HPO, pH 7.4 was added to 
provide a 2.5 mmol/L increase in PO, concentration. Ali- 
quots of the cell suspension were incubated at 37°C in a 
shaking incubator in an atmosphere of 5% CO,/95% air with 
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Fig 3. The effect of 500 pmol/L oxalate on the activity of 
some red cell enzymes. Abbreviations: Hx, hexokinase: GPI, glu- 
cose phosphate isomerase; PFK, phosphofructokinase, ALD, aldo- 
lase, TPI, triose phosphate isomerase; GAPD, glyceraldehyde 
phosphate dehydrogenase: DPGM, diphosphoglycerate mutase: 
PGK, phosphoglycerate kinase; MPGM, monophosphoglycerate 
mutase; Enol, enolase; LDH, lactate dehydrogenase: G6PD, glu- 
cose-6-phosphate dehydrogenase: 6PGD, 6-phosphogluconate 
dehydrogenase; GSHPx, glutathione peroxidase; GOT, glutamate 
oxalocetate transaminase; GR, glutatione reductase. 
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and without the addition of 2 mmol/L oxalate. The possible 
limiting effect of phosphate and of NAD* was investigated 
in incubation mixtures to which excess phosphate or pyru- 
vate had been added. The pH and the levels of metabolic 
intermediates are presented in Table |. Figure 5 represents a 
“cross-over” plot’ based on these data. In a similar short- 
term incubation experiment malonate failed to exert any 
effect on the level of 2,3-DPG. 

The effect of oxalate on red cell survival. Twenty 
milliliters of rabbit blood was collected into 2.8 mL of CPD 
solution and divided into bags to which no oxalate was added 
and those to which sufficient potassium oxalate was added to 
provide a final concentration of $00 mol/L. At the end of 21 
days storage the survival of the red cells of one of the samples 
was measured in a normal recipient rabbit, and at the end of 
22 days the other sample was labeled with a larger amount of 
Cr and viability again determined in a rabbit. The order of 
presentation was varied so that two of the rabbits received 
red cells that had been stored with oxalate on day 21 and the 
other two those that had been stored with oxalate on day 22. 
The results of these studies are presented in Table 2. Shown 
also is the effect of storage of rabbit blood on red cell ATP 
and 2,3-DPG levels. Oxalate exerted the same favorable 
effect on 2,3-DPG concentrations and unfavorable effect on 





ATP concentration of rabbit erythrocytes as were observed 
with human cells. 


DISCUSSION 


Although oxalate has long been used as an anticoagulant 
for the collection of blood for diagnostic studies, no thought 
has apparently been given to its use for blood storage. This 
has probably been due to the presumed toxicity of oxalate. 
However, the concentration of oxalate required to aid in the 
maintenance of red cell 2,3-DPG levels is much lower than 
that required as an anticoagulant. Even a concentration of 
only 50 pmol/L exerted a substantial favorable affect on red 
cell 2,3-DPG: after 21 days’ storage the levels had declined 
by only about one-third. Assuming uniform distribution 
throughout body water, the instant administration of 450 mL 
of blood containing this concentration of oxalate would 
result in a rise of only ~0.6 micromolar in the oxalate level, 
an increase of the order of 20%. One must take into account, 
of course, the effect of the administration of multiple units of 
blood, the rate of clearance of oxalate in normal and diseased 
individuals, and the existence in the population of many 
individuals who may have hereditary abnormalities in oxa- 
late transport'® potentially leading to calcium oxalate stone 
formation. 
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Control Oxalate Control Oxalate Control Oxalate 
Glucose-6-phosphate (nmoi/mL} 63.78 24.84 65.93 23.60 52.84 29.65 
Fructose-6-phosphate {nmol/mL) 8.68 9.80 29.67 16.85 25.36 18.63 
Fructose- 1-6-diphosphate (nrnol/mL} 2.55 14.66 11.5 325.4 2.25 3.79 
Dihydroxyacetone-phosphate {nmol/miL} 31.38 779.83 36 1084 11.71 46.56 
Glyceraldehyde-3-phosphate N.D. N.D. N.D. N.D. N.D. ND. 
2,3 Diphosphoglycerate (umol/gHb) 13.82 18.27 11.45 13.26 14.35 18.72 
3-Phosphoglyceric acid (nmol/mtL} 98.65 560.84 $1.1 556.38 94.70 448.55 
2-Phosphoglyceric acid (nmol/mU} 8.46 36.24 7.99 33.23 N.D. N.D. 
Phosphoenolpyruvate (nmol/mL} 15.86 161.66 7.53 205.6 19.9 164.9 
Pyruvate (umol/L) 328.9 46.50 254.4 20.03 7984.2 14055.20 
Lactate (mol/L) 7320.65 8532.15 7460.9 8522.5 7147.0 6788.1 
pH att = 6 hr 7.506 7.498 7.668 7.614 7.543 7? 696 





1392 


100 


2omMP, o—o 
1OmMP;,; @~—@ 


Gas Jans 
10 mM pyruvate 


Concentration with 2mM oxalate / contro! concentration 





O a q @ 
Oooa Ta Souma zs = 
© o a r a Oa & wu > 9 
o u aua ao Pe oe 2y 
N Poet o 
a. an 
Fig 5. A crossover plot demonstrating the effect of oxalate 


after six hours’ incubation in autologous plasma at 37°C under 95% 
air-5% CO,. The effect of added P, and pyruvate are shown: 
concentrations represent the amount added to those already 
present in plasma. 


The discovery that oxalate increases the levels of 2,3-DPG 
in stored blood provides a solution to the problem of why 
ascorbate appeared to have this effect. We are unable to 
explain why ascorbate preparations failed, in our earlier 
studies,’ to result in enzyme inhibition. It is possible that the 
preparation used in the enzyme assays was of higher purity 
than those used in the storage studies. Since these investiga- 
tions were carried out some 15 years ago, the purity of the 
various lots used can no longer be determined. Similar 
differences in purity probably account for the discrepancy 
between our finding that dehydroascorbate was ineffective’ 
while Dawson et al* subsequently reported that it was more 
effective than was ascorbate itself. 

Efforts to maintain 2,3-DPG during prolonged blood 
storage are generally directed at creating appropriate modi- 
fications of the metabolic flow within the erythrocyte. Such a 
modification may consist of providing an additional substrate 
for red cell metabolism. Dihydroxyacetone and inosine are 


Table 2. The Effect of Oxalate on the Storage of Rabbit Blood 








ATP 2,3-DPG 
{umol/g Hb} {mol/g Hb) Viability (9) 
Storage Medium DayO Day 21 DayO Day 21 Days 21-22 
CPD* 7.34 1.76 28.65 13.12 71.2, 68.8, 65.6, 64.4 


CPD + oxalate 7.34 0.72 28.65 28.12 72.6, 78.5, 66.8, 69.6 





tet 


*The same animals served as controls in a concurrent investigation of 
Bw440c.” 
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such substances. Dihydroxyacetone is converted to DHAP by 
red cell triokinase.'’ Inosine undergoes phosphorolysis to 
ribose-l-phosphate and hypoxanthine, and the ribose-1- 
phosphate is converted in the hexose monophosphate path- 
way to F-6-P and to GAP." In each of these cases use of the 
new substrate is less sensitive to a fall in the pH of stored 
blood than is glucose, providing a cistinct metabolic advan- 
tage to the stored erythrocytes. An alternative to providing a 
more efficient substrate is modifying red cell preservatives so 
as to inhibit or to stimulate reactions that influence 2,3-DPG 
synthesis or degradation. In the past, manipulations of 
hydrogen ion, pyruvate, and phosphate concentrations have 
been used for this purpose.'” Increasing the pH stimulates the 
diphosphoglycerate mutase (DPGM) and inhibits the DPGP 
reactions.” Pyruvate serves to oxidize NADH to NAD, 
thereby increasing the level of one of the required co-factors 
for the glyceraldehyde phosphate dehydrogenase (GAPD) 
reaction.”’”? The product of this reaction, 1,3-DPG is the 
immediate substrate for the formation of 2,3-DPG. Phos- 
phate stimulates glycolysis, probably largely by relieving the 
inhibition of hexokinase by G-6-P.” 

It is the DPGM and DPGP reactions that directly control 
the level of 2,3-DPG in erythrocytes, but these reactions, in 
turn, are influenced by other metabolic changes in the 
erythrocyte. PK deficiency is associated classically with 
increased 2,3-DPG levels, sometimes even in the heterozy- 
gous state.” The effect of PK deficiency is presumably due to 
the accumulation of substrates proximal to the PK reaction, 
ie, PEP, 2-PGA, and 3-PGA. The latter compound inhibits 
DPGP and stimulates DPGM. Vora recently suggested that 
inhibitors of this reaction might be useful in maintaining 
2,3-DPG levels during blood storage.” 

In the present investigation we extended the observations 
of Kandler et al.” Red cell membranes are readily permeable 
to the oxalate anion, even at 0°C.'© Oxalate increases 
2,3-DPG levels not only in blood stored in an artificial 
additive sclution, but also in CPD anticoagulant. Although 
ATP depletion accompanied the improved 2,3-DPG mainte- 
nance, red cell viability was not impaired, at least in rabbits. 
Oxalate did not exert its effect by altering intracellular pH. 
It is a known inhibitor of both plasma LDH” and of L type 
(red cell) PK.” We found that not only these enzymes but 
also red cell monophosphoglycerate mutase is inhibited by 
oxalate. Our kinetic studies indicated that the inhibition of 
PK is competitive with respect to PEP when the allosteric 
effector, FDP is present, a finding that is consistent with data 
obtained earlier in the study of L type PK.” 

At 37°C oxalate increases the 2,3-DPG levels of red cells 
incubated in their own plasma even for a few hours. This 
provided us with the opportunity of addressing the question 
of how oxalate accomplishes its effect on 2,3-DPG levels. 
The studies in whole red cells pin-point the major functional 
lesion induced by oxalate to the PK reaction: the cross-over 
plot (Fig 5) shows that the concentration of intermediate 
compounds proximal to the PK reaction is increased and that 
those distal to the reaction are decreased. However, a second 
cross-over was also present at the GAPD step. A deficiency 
of either phosphate or NAD could produce such an effect. 
The cross-over before GAPD is not eliminated by increasing 
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the phosphate concentration by 7.5 mmol/L. However, 
increasing the available NAD by the addition of pyruvate)” 
greatly decreased the accumulation of substrates proximal to 
the GAPD reaction. Thus, it appears that in addition to its 
effect on the PK reaction, oxalate produces a change in the 
NADH/NAD ratio of red cells, possibly merely by inhibit- 
ing the LDH reaction. 

Although the potential toxicity of oxalate might preclude 
its clinical use, its effect suggests that other PK inhibitors 
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might be useful, if one that was sufficiently nontoxic could be 
found, It is of interest, in this respect that malonate, the 
structure of which superficially resembles PEP more closely 
than does that of oxalate, has no effect on either the PK 
reaction or on 2,3-DPG levels in incubated red cell suspen- 
sion. Oxalate is a normal plasma constituent, circulating ata 
level of ~4 umol/L.”” It may be that this compound may 
exert some in vivo regulatory effect, and further studies are 
underway to explore this possibility. 
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Intensive Chemotherapy in Aggressive Lymphomas: Updated Results of LNH-80 
Protocol and Prognostic Factors Affecting Response and Survival 


By Bertrand Coiffier, Paul-Andre Bryon, Martine Ffrench, Michel Blanc, Catherine Sebban, 
Francoise Berger, and Jean-Jacques Viala 


One hundred patients with aggressive malignant lympho- 
mas treated with the LNH-80 regimen were evaluated for 
long-term survival and pretreatment characteristics pre- 
dictive of response and survival. LNH-80 consists of three 
intensive courses of adriamycin cyclophosphamide viude- 
sine bleomycin (ACVB) followed by sequential consolida- 
tion and final intensification. Eighty-four patients went into 
complete remission (CR), eight had a partial response (PR), 
three failed to respond, and five died during induction. 
Twenty-three patients (27%) relapsed, in two of whom a 
prolonged second remission was obtained. Sixty-three 
patients are currently alive, two of them with disease. Four 


HE POOR PROGNOSIS associated with aggressive 
lymphomas has been dramatically improved by inten- 
sive combination chemotherapy. Regimens such as M- 
BACOD,' ProMACE-MOPP,? MACOP-B,? and LNH-804 
have been associated with increases of 10% to 30% in 
complete remission (CR) rates over those attained by CHOP 
regimens,” and a concurrent decrease in relapse rates. Thus 
a greater number of patients survive 3 years of more. 
However, the long-term results of these intensive regimens 
are not known and their superiority is not definitively accept- 
ed. Multicenter randomized studies are currently in progress 
in the United States and Europe to verify the better results of 
intensive regimens over those obtained with CHOP regi- 
mens. Even with these newer regimens, there are some 
patients who fail to respond or who relapse prematurely. 
Prognostic factors have been identified in patients treated 
with CHOP*’ or newer” regimens. This report updates the 
results of the LNH-80 regimen on 100 patients, with a 
median follow-up of 4'4 years. Results already reported after 
2 years of follow-up* have been maintained with a plateau 
over 60%. Factors associated with response and/or survival 
are specified. 


PATIENTS AND METHODS 


Patients. One hundred patients with aggressive malignant lym- 
phoma (ML) were treated with the LNH-80 regimen: the 97 
patients previously described‘ and three additional patients who had 
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patients died in CR. Median survival and median freedom 
from relapse survival were not reached with a median 
follow-up of 4’, years. Characteristics negatively asso- 
ciated with response in multivariate analysis were: poor 
performance status, bone marrow involvement, and two or 
more extranodal sites of disease. Duration of CR was 
associatec with splenic involvement. Three characteristics 
were negatively associated with survival in multivariate 
analysis: age, high grade subtypes, and bone marrow 
involvement. 

e 1987 by Grune & Stratton, inc. 


been excluded from the first publication due to the long time interval 
between diagnosis and treatment. Since they did not receive any 
chemotherapy or radiotherapy during this interval, they were 
brought into this study. All the patients were treated in our 
department between March 1980 and April 1984. All patients had 
given their informed consent in accordance with local institution 
guidelines. Entrance criteria for the protocol have been previously 
described*: diagnosis of aggressive ML according to the Working 
Formulation," stage H or greater for intermediate grade ML, all 
stages for high grade ML, age <75 years, no contraindication to 
adriamycin, no previous chemotherapy or radiotherapy. 

Of the 100 patients, 69 were males and 31 were females. Median 
age was 48.5 years (range 11 to 73 years, with three patients <15 
and eight patients >65 years). Initial staging procedures included 
chest radiography, bone marrow aspiration and biopsy, liver function 
tests, CSF examination, abdominal echography and/or computed 
tomography (CT). Other examinations were performed as clinically 
indicated. The clinical presentation was detailed in the earlier 
report.’ Briefly, 66 patients had stage IV disease, 48 had B symp- 
toms, 46 a performance status >l, 65 a large tumoral mass, 21 one 
extranodal site. Lactate dehydrogenase {LDH} was =2.5 times the 
normal level in 29 patients. Bone marrow involvement was present in 
34 patients. Morphological subtypes are listed in Table |. 

Treatment. The LNH-80 regimen shown in Fig | included three 
phases of chemotherapy. The induction phase consisted of three 
courses of ACVB. A fourth course was administered if CR had not 
been obtained after three courses. The courses were initiated every 
15 days or when polymorphonuclears increased to > 1,500 x 10°/L. 
A consolidation phase of sequential chemotherapy was initiated | 
month after the last ACVB. A final intensification was started 2 
months later with two courses of AraC VmB. CNS radiotherapy was 
administered in cases of initial CNS localization. 

Prognostic factors. The factors evaluated for potential prognos- 
tic significance included sex, age, performance status, presence of B 
symptoms, morphologic subtype, immunologic phenotype, sites of 
involvement. number of extranodal sites of disease, bulky (more 
than 7 cm in diameter) tumor, serum LDH, alkaline phosphatase 
and protein ievels, complete blood count, and intensity of adminis- 
tered drugs during the induction phase. Performance status was 
based on the Eastern Cooperative Oncology Group scale: 0 to 4. 
Pathologic review was done by two hematopathologists (PAB and 
FB) according to the Working Formulation.''? Immunologic pheno- 
types were determined in 37 patients by light chain characterization 
or monoclonal antibody typing,” either on cell suspensions or on 
frozen specimens. LDH levels were expressed as multiples of the 
maximum normal value. Intensity of administered drugs during the 
induction phase was calculated as the number of milligrams per 
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Table 1. Results of Treating 100 Patients With the LNH-80 Regimen. According to Histologic Subtypes 
Defined in the Working Formulation 


Histologic Subtypes N CR 
intermediate grade (%) 47 38 (81) 
Follicular large cell 3 2 
Diffuse mixed 26 21 
Diffuse large cell 18 15 
High grade (%) 48 41 (85) 
immunoblastic 23 19 
Lymphoblastic 6 6 
Small noncleaved 19 16 
Histiocytic 2 2 
Unclassifiable 3 3 
Total (94) 100 84 (84) 





Percent 
Surviving at No. 
Relapse By + SE at Risk 
9 (24) 7227 23 
~ 66 + 27 a 
4 68 +9 14 
5 74 + 10 14 
13 (32) S227 21 
5 46+ 11 
2 67 + 19 4 
6 53 + 11 10 
mme 100 z 
2 33 + 27 1 
23 (29) 6125 4s 





There is no statistical difference between intermediate and high-grade lymphomas for response and relapse rates (P > .10) anc for survival duration 


{P > .05). 


square meter of cyclophosphamide and adriamycin per 15 days and 
expressed as a percentage of the theoretical dose."* 

Assessment of response. Response to treatment was assessed at 
the start of the consolidation phase. CR was defined by the 
disappearance of all clinical evidence of disease and the normaliza- 
tion of all laboratory values. Some patients with persisting radio- 
graphic abnormalities were deemed to be in CR if morphologic 
examination did not reveal any evidence of lymphoma: these patients 
were considered to have a persisting necrotic mass.” Partial response 
(PR) was defined as >50% reduction in the largest dimension of 
each site of measurable disease. The failure category comprised 
progressive disease, transient disease regression, or death during the 
induction phase. 

Statistical methods. Duration of remission was calculated from 
the onset of the consolidation phase to the first objective evidence of 
relapse. Survival duration was calculated from the beginning of 
treatment until death. Survival curves were estimated by the method 
of Kaplan and Meier. Univariate analyses were performed using 
the x? and log-rank tests.” Any factor significant at the 0.10 level 
was included in a logistic regression analysis of response’ and in a 
proportional hazards model regression analysis of survival” using 
the BMDP package (Statistical Sofware, Los Angeles). 


RESULTS 


Eighty-four patients (84%) achieved CR. Five patients 
(5%) died during the induction phase, eight patients (8%) 
presented a PR, and three patients (3%) failed to respond. 
Two of the eight PR patients were alive at 2 years, but none 
were alive at 4 years. Of the 84 CR patients, 23 (27%) 


INDUCTION CONSOLIDATION FINAL INTENSIFICATION 
VV ooee VW 7 v 
O93 Se e is e is 22 à 2 3 M WEEKS 
WY: acve V7: AraCvmB 
cyclophosphamide 1 200 mg/m2 cyclophosphamide 1 200 mg/m2 
Adriamycin 75 mg/m? teniposide 60 mym? 
vindesine 2 mg/m2 day 1 & 5 bleomycin § mgm? 
bieomycin 5 mg/m2 day 1 & 5 cytarabine 100 mg/m2 x 4 
methylprednisoione 60 mgfm2 x 5 methyiprednisoione §0 mg/m2 x § 
methotrexate 15 mg IT 
s : cytarabine 100 mg/m2/d x 4 days SQ i : L-asparaginase 60 000 uim? 


y: methotrexate 3 g/m2 + falinic acid rescue 


Fig1. Scheme of the LNH-80 regimen. 


relapsed 5 to 56 months after diagnosis. Only six of the 
patients relapsed after 18 months, and two more of them 
relapsed after 3 years. CNS relapse was observed in two of 
the ten patients with initial CNS localization, but in none of 
the others. Results according to histologic subtype and 
immunologic phenotype are presented in Tables | and 2. 
Nineteen of the 23 patients who relapsed were rebiopsed: A 
histologic progression was seen in five patients and a follicu- 
lar pattern was seen in two. 

Sixty-three patients (63%) are currently alive, two with 
disease and two in a stable second CR of >3 years. Four 
patients died in CR: one case each of CMV encephalitis, 
interstitial pneumonia, staphylococcus septicemia, and acute 
myeloblastic leukemia (18 months after diagnosis). Overall 
treatment mortality rate was 9% (five patients during induc- 
tion and four in CR). Overall survival and freedom from 
relapse (FFR) survival are presented in Fig 2. Median 
survival and median FFR survival were not reached with a 
median follow-up of 4'4 years. 

Prognostic indicators of response to chemotherapy. For- 
ty-five clinical or biological factors determined at diagnosis 
were evaluated individually as possible prognostic indicators 
of response to therapy. The response rates associated with 
some of these factors are shown in Table 3. Statistically 
significant (P < .05) factors negatively associated with 
response were age > 50 years, poor performance status, bulky 
tumor, two or more extranodal sites of involvement, bone 
marrow, hepatic, splenic, or pleural involvement, hemoglobin 
<100 g/L and LDH >2.5 times the normal level. 

Single factors not predictive of response to therapy 


Table 2. Results According to Immunologic Phenotypes of the 37 
Phenotype Patients Treated With the LNH-80 Regimen 








Parcent 
Immunologic Surviving at Na. 
Phenotype N CR Relapse By «+ SE at Risk 
B cell 24 20 9 61+ 10 10 
Peripheral T cell 13 9 2 35 + 14 3 


ev tee teh CARED OEE RENTER ERC RUA a 


There is no statistical difference in response and relapse rates between 
B cell and peripheral T cell lymphomas. There is a bordertine significant 
difference for overall survival (Mantel-Cox~Savage test: P = .05). 
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Fig 2. Overall survival and freedom from relapse survival of 


100 patients with aggressive lymphoma treated with the LNH-80 
regimen. 


included sex, morphologic subtype, immunologic phenotype, 
stage, B symptoms; digestive, head and neck, cutaneous, 
pulmonary, pericardiac, osseus, or neurologic localization: 
presence of a large mediastinal or abdominal mass; 
decreased level of proteins, albumin, gammaglobulins, plate- 
lets, or polymorphonuclear leukocytes; increased level of 
gammaglobulins, lymphocytes, lymphoblasts, or creatinine: 
accelerated sedimentation rate, and drug intensity of induc- 
tion chemotherapy. 

The factors associated with response according to univar- 
late unadjusted analysis were further examined by multivar- 
iate logistic regression analysis. All the factors having prog- 
nostic significance were known for all the patients except the 
LDH level for five patients. Two studies were performed: the 
first on 95 patients with all the factors, the second on all the 
patients without the LDH level. The two studies gave the 
same results: poor performance status, bone marrow involve- 
ment, and two or more extranodal sites remained statistically 
significant (P < .05). 

None of the factors studied was statistically associated 
with relapse in univariate or multivariate analyses. Drug 
intensity during the induction phase had borderline signifi- 
cance (P = .07). The presence of a residual necrotic mass in 
16 patients was not associated with a greater risk of relapse 
(P = .15). 

Prognostic indicators of survival. The clinical and bio- 
logical factors examined for their value in predicting 
response were also assessed for their relation to survival 
(Table 4). Single factors statistically associated with short 
survival were bone marrow involvement (P < .01) (Fig 3), 
LDH >2.5 times the normal level (P = .02), age >50 years 
(P = .02), hemoglobin level <100 g/L (P = .03), and more 
than one extranodal site (P = .05). Poor performance status 
and peripheral T cell phenotype had borderline significance: 
P value < 0.05 in the Wilcoxon test, and <0.10 in the 
Mantel-Cox-Savage test. None of the other factors tested 
was statistically associated with poor survival, particularly 
age, morphologic subtype, stage, B symptoms, hepatic, sple- 
nic, digestive, or neurologic localization, and drug intensity 
during the induction phase. 

All the factors with some significance were included in a 
multivariate Cox regression analysis without the stepwise 
selection (Table 5). The analysis was performed on two sets 
of patients: all 100 patients, and the 95 for whom LDH was 
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Table 3. Response Rates According to Some Initial Factors-of 
Patients Treated With LNH-80 Regimen 


P 
N CR PR Failure Vatue 
Entire group 100 84 8 8 
Age 
<50 y 52 48 1 3 
z500 y 48 36 7 5 O03 
Performance status 
9-1 S4 52 Z ~ 
22 46 32 6 8 O03 
B symptoms 
A 52 48 3 t 
B 48 36 5 7 .O76 
Weight loss 
No 67 60 5 2 
Yes 33 24 3 6 O86 
Stage 
aL 23 23 — oa 
H 11 11 -< oe 
iV 66 50 8 8 .13 
Tumoral mass 
None 35 32 2 1 
One 55 46 6 3 
Several 10 6 a= 4 004 
No. of extranodal sites of disease 
0 20 20 — _ 
1 21 21 m — 
22 59 43 8 8 .O4 
Bone marrow involvement 
Absent 65 62 2 2 
Present 34 22 6 6 003 
Hepatic involvement 
Absent 65 60 4 1 
Present 35 24 4 7 005 
Splenic involvement 
Absent 66 59 3 4 
Present 34 25 5 4 02 
Pleural involvement 
Absent 86 75 7 4 
Present 14 9 1 4 O15 
LDH level 
<2.5 X normal 66 61 3 2 
>2.5 x normal 29 19 5 5 .01 
Hemoglobin level 
< 100 g/L 14 8 3 3 
= 100 gr/l 84 74 5 5 04 
M/m-BACOD score 
1 19 19 — _ 
2 24 24 -l oe 
3 57 71 8 8 .03 
Si ata A aa an A a a et a 


P values are those given by the x? test. 


known. Factors found to be significantly associated with poor 
survival were increasing age, high grade subtypes, and bene 
marrow involvement. 

The prognostic score described by Shipp et al? in their 
study with the M/m-BACOD regimens was applied to our 
patients. This score was based on the performance status, the 
diameter of the largest mass, and the number of extranodal 
sites of disease; it divided patients into three subgroups with 
a predicted 5-year survival rate of 68%, 55%, and 24%. 
Figure 4 shows the Kaplan-Meier survival curves for our 
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Table 4. Estimates of Survival Probability of Patients Treated 
With the LNH-80 Regimen: Kaplan-Meier Analysis for Some 
Initial Factors and for Shipp’s Score Based on Patients 
Treated by the M/m-BACOD Regimens” 





Percent 
Surviving at No. P 
N Sy + SE at Risk Value 

Entire group 100 61+5 45 
Age 

<O y 52 73 +6 35 

2150y 48 48 +5 15 02 
Performance status 

0-7 54 68:7 29 

22 46 547 24 .O6 
Symptoms 

A 52 62 +7 24 

B 48 60 +7 28 54 
Weight loss 

No 67 60 +6 28 

Yes 33 64 +8 21 92 
Tumoral mass 

None 35 68:8 21 

One 55 59 +7 24 

Several 10 50 + 16 5 .14 
No. of extranodal sites 

D 20 80:9 15 

1 21 71+ 10 14 

22 59 5227 21 .O5 
Bone marrow involvement 

Absent 66 69 +6 34 

Present 34 47 +9 15 02 
Hepatic involvement 

Absent 65 66 + 6 37 

Present 35 53+9 12 .15 
Splenic involvement 

Absent 66 66 + 6 40 

Present 34 50+ 10 8 .14 
Pleural involvement 

Absent 86 61+5 39 

Present 14 64 + 13 9 .95 
LDH level 

<2.5 x normal 66 67 +6 33 

22.5 x normal 29 48 +9 14 .O2 
Hemoglobin level 

< 100 g/L 14 43 + 13 6 

= 100 g/t 84 66 + 43 .03 
M/m-BACOD score 

1 19 78 + 10 13 

2 24 7149 17 

3 57 51 +7 18 .05 





P values are those found in the Mantel-Cox-Savage test. 


patients divided into Shipp’s risk groups. We obtained pre- 
dicted 5-year survival rates of 78%, 71%, and 51% (Table 4). 
The score was a statistically significant indicator of progno- 
sis: P value < 0.05 for response and survival. In multivariate 
analyses, the score did not remain a significant predictor of 
the probability of response, relapse or death. 


DISCUSSION 


Sixty-four patients (64%) with aggressive ML treated by 
the LNH-80 regimen are alive, 61 of them in persistent CR 
with a median follow-up of 4'4 years. These results are 
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Fig 3. Effect of bone marrow involvement on the survival of 
patients with aggressive lymphoma treated with the LINNH-80 
regimen. 


superior to those obtained with CHOP and CHOP-like 
regimens.“ A large proportion of patients will probably be 
cured, but 3 to 5 more years are required before the results 
can be considered definitve. These results are the best 
reported with a follow-up >3 years: the M/m-BACOD 
regimens have achieved a median survival of 68 months with 
a 5-year survival rate of 50% for large cell ML"; the 
ProMACE-MOPP/CytaBOM regimens and the MACOP- 
B regimen have not been updated as yet, but the MACOP-B 
regimen was reported to give good results only in large cell 
ML.” 

Our 100 patients were evaluated for prognostic factors 
that could be predictive of response and survival. Poor 
performance status, bone marrow involvement, and two or 
more extranodal sites of disease were found to be negatively 
associated with response. Age, high grade subtypes, and bone 
marrow involvement were adversely associated with survival. 
Marrow involvement was one of the most important prognos- 
tic factors, as had also been reported for the CHOP 
regimen, 2 but not in the M/m-BACOD study." 

The prognostic factors we found to be significant had been 
reported in several previous studies on prognostic factors in 
ML. Poor performance status and presence of B symptoms 
had been recorded as indicators of low response rate and/or 
poor survival.” 50723 Age was considered an indicator of 
poor survival in most of the studies, but the dividing line was 
variable: 55 years,” 55 and 65 years,” 60 years.” Visceral 
localizations as liver, spleen, pleura were occasionally asso- 


Table 5. Multivariate Proportional Hazards Regression Analysis 
of Survival of Patients Treated With the LNH-80 Regimen 








Analysis of Survival 
Estimated Significance 
Prognostic Factors Coefficient Level 
Age {y} 0.0390 O01 
Morphology (intermediate, high) 1.0067 OZ 
Bone marrow involvement (no, yes) 0.7974 932 
Performance status (0-1, 22} 0.5569 187 
LDH (x normal} 0.1506 325 


No. of extranodal sites (0, 1, = 2} 0.1893 602 


Deere alata) me 
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Fig 4. Survival of patients with aggressive lymphoma treated 


with the LNH-80 regimen according to the score described by MA 
Shipp based on patients treated with M/m-BACOD regimens.” 


ciated with response or survival, as was increased LDH level 
and anemia.’*”? There was some discrepancy concerning the 
value of morphologic subtype as prognostic indi- 
cator,” 02324 and most studies did not include patients with 
high-grade ML. With newer regimens additional prognostic 
indicators were recognized. such as large tumoral mass 
(abdominal or not) and the number of extranodal sites of 
disease. A major difference compared with the results 
obtained by the M/m-BACOD regimens was that bulky 
tumor was of little consequence in our series. Only the 
presence of two or more large tumor masses was associated 
with poor prognosis and disappeared in multivariate analy- 
ses. In contrast with earlier studies that suggested an adverse 
association between prognosis and specific sites of disease*? 
such as gastrointestional (GI) tract, spleen, or CNS, our 
results and those of Shipp et al? suggest that it is not the 
location of the disease that is significant but rather the 
number of sites. 

Although the score described by Shipp was found to have 
some prognostic significance, the tumoral mass and the 
number of extranodal sites of disease were not the most 
significant prognostic factors in our study. While our 
patients had more indices of poor prognosis, their predicted 
5-year survival rates were higher than Shipp’s, with a small 
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difference for the best prognostic group (77% v 68%), but a 
large difference for the poor risk patients (52% v 24%). This 
would appear to reflect the better results with our regimen 
than with the M/m-BACOD, but the actual difference, if 
any, could only be proved by a randomized study. 

Drug intensity during the induction phase’* was of border- 
line significance for predicting CR duration. It seems to us 
that drug intensity in our regimen is one of the factors 
responsible for the better results obtained, but it is difficult to 
demonstrate due to its low variation in our patients: those 
who received 75% of the theoretical dose received more 
adriamycin or cyclophosphamide per month than in CHOP 
or M/m-BACOD regimens. 

The prognostic significance of the immunologic phenotype 
had rarely been addressed, probably because peripheral T 
cell lymphomas were rarely recognized in the past. Whether 
peripheral T lymphomas have the worst prognosis has been 
much debated and no firm conclusions can been drawn from 
the literature. Immunological phenotype is not correlated 
with other prognostic factors. The poor prognosis of our 
peripheral T cell lymphoma patients was essentially due to 
the large number of patients who died in induction, failed to 
respond, and relapsed during the first months of CR: median 
survival was only 14 months. The intensive regimen did, 
nevertheless, yield the best survival rates for peripheral T cell 
lymphomas compared with other forms of treatment.” 

The LNH-80 regimen applied to 100 patients with aggres- 
sive ML can be credited with keeping 63 of them alive with a 
median follow-up of 4'4 years. These results are the best 
published so far for this disease. Our results are currently 
being tested in a multicenter randomized study of the 
LNH-84 protocol in France and Belgium. More than 750 
patients have already been included and the initial results 
will soon be communicated. 
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Minimally Differentiated Acute Nonlymphocytic Leukemia: A Distinct Entity 


By Edward J. Lee, Avrom Pollak, Richard D. Leavitt, Joseph R. Testa, and Charles A. Schiffer 


Ten of 136 consecutive adult patients with previously 
untreated acute leukemia had morphologically undifferen- 
tiated leukemia by light microscopy. Leukemic cells from 
these patients were characterized by agranular cytoplasm, 
negative histochemical staining with sudan black (SB) and 
nonspecific esterase, and absent lymphoid cell surface 
markers and therefore were not classifiable according to 
the French-American-British (FAB) system. Electron 
microscopy with myeloperoxidase (MPO) staining revealed 
the presence of peroxidase positive cytoplasmic granules 
and endoplasmic reticulum in eight of the nine patients 
studied. Cells from the patient who was negative for MPO 
were also negative for platelet peroxidase. A series of 
monoclonal antibodies to myeloid antigens also revealed 
myeloid features with all patients having at least one 
myeloid differentiation antigen present on the surface of 


HE DISTINCTION between acute lymphoblastic leu- 
kemia (ALL) and acute nonlymphocytic leukemia 
(ANLL) can usually be made on the basis of light micros- 
copy, polychrome stains, and cytochemical stains such as 
myeloperoxidase (MPO), sudan black (SB), and periodic 
acid Schiff (PAS). This distinction is important because of 
the differences between ALL and ANLL in the choice of 
chemotherapeutic agents, length of therapy, and propensity 
of ALL to involve the CNS. The biological basis for this 
distinction is the presumed origin of the leukemia from the 
malignant transformation of a stem cell that has undergone 
limited differentiation. The French-American-British Coop- 
erative Group (FAB) has published standardized critieria by 
which ALL can be distinguished from ANLL and then 
further classified into subtypes.'? ALL is defined as a 
leukemia in which the majority of cells have scant amounts 
of agranular cytoplasm, predominantly round nuclei, and 
homogeneous, slightly condensed chromatin without promi- 
nent nucleoli (L1 subtype). The leuke:nic cells can also be 
large, with abundant vacuolated basophilic cytoplasm, and 
prominent nucleoli (L3 subtype). Both of these variants can 
be readily distinguished from ANLL in Romanowsky poly- 
chrome stained preparations. A third subtype of ALL is 
characterized by large cells that exhibit some heterogeneity 
in size and have irregular nuclear shape with one or more 
large nucleoli (L2 subtype). Although blasts from patients 
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their cells. Common acute lymphoblastic leukemia (ALL) 
antigen was absent in the nine patients tested. Cytoge- 
netic analysis of blast cells was abnormal in seven patients 
on whom adequately banded chromosomes were obtained 
although there were no consistent abnormalities. No 
patient had a Ph’ chromosome. Only two of the ten 
patients achieved a complete remission. Morphologically 
undifferentiated leukemia may have myeloid features when 
studied by transmission electron microscopy or with mono- 
clonal antibodies for cell surface markers. Such studies 
should be performed when the leukemia cannot be classi- 
fied using either light microscopy or lymphoid cell surface 
markers. Such patients infrequently achieve remission 
with standard therapy and constitute a distinct entity. 

© 1987 by Grune & Stratton, inc. 


with ANLL often contain cytoplasmic granules and thus can 
be easily distinguished from ALL, some have only small 
numbers of granules. Such patients with ANLL can then be 
best distinguished from L2 by cytochemical staining. Using 
arbitrary criteria, the FAB group states that the presence of 
<3% MPO positive cells suggests the diagnosis of ALL, 
whereas, if =3% of cells are positive, the diagnosis is 
ANLL. 

in this report we present the results of studies of leukemic 
cells of ten patients with acute leukemia who did not meet 
these FAB criteria for ANLL. These patients had leukemic 
cells that were small, with scant agranular cytoplasm and 
distinct nucleoli. Auer rods were not seen and cytochemical 
stains (PAS, SB, chloroacetate esterase, a-Naphthyl buty- 
rate esterase) were negative. The leukemic cells from these 
patients were studied by ultrastructure and for cell surface 
markers using monoclonal antibodies. Our data suggest that 
such undifferentiated leukemias frequently exhibit features 
that suggest a myeloid origin. Furthermore, our results 
suggest that these patients infrequently achieve remission 
when treated with conventional therapy for ANLL. 


MATERIALS AND METHODS 


Leukemic cells obtained from peripheral blood or bone marrow 
from 136 consecutive patients (Table 1) referred to the University of 
Maryland Cancer Center with previously untreated acute leukemia 
were analyzed. Thirteen patients (eight ALL, five ANLL) had 
inaspirable marrows at the time of diagnosis, and laboratory studies 
were performed on peripheral blood or cells obtained from a bone 
marrow biopsy core. Whenever possible, all of the following series of 
studies were performed. 

Light microscopy. Bone marrow smears (or touch preparations 
from biopsy cores) and peripheral blood smears were stained with 
Wright-Giemsa for cell morphology and differential, with histo- 
chemical stains including SB, PAS, chloroacetate esterase, and 
alpha-naphthyl butyrate esterase. Terminal deoxynucleotidyl trans- 
ferase (Tdt) was detected by indirect immunofluorescence (Be- 
thesda Research Laboratory Inc, Gaithersburg, MD) using the 
method of Bollum.? 

Immunologic cell surface marker studies. Cell surface marker 
studies using a variety of monoclonal antibodies and indirect immu- 
nofluoresceace microscopy were done using standard methods 
described elsewhere.* Monoclonal antibodies were used to identify 
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MINIMALLY DIFFERENTIATED ANLL 


Table 1. Patient Characteristics 








de novo 2° 
Total ANLL ANLL ALL M-O 

N ino. evaluable 

for response to 

therapy) 136 (129) 94(90) 16114} 16{15) 10(10) 
Median age (yr) 60 61 60 58 52 

irange) (15-83) (15-81) (29-77) (20-83) (34-71) 
Male 69 48 7 10 5 
Female 65 46 9 6 5 
Complete re- 

sponse (% of 

evaluable pa- 

tients) 53 63 36 53 20 





Abbreviations: de novo ANLL, no previous hematologic disorder: 2° 
ANLL, chemotherapy, radiotherapy, or another stem cell disorder pre- 
ceded the diagnosis of leukemia; M-O, minimally differentiated ANLL. 


differentiation antigens of T lymphocytes, B lymphocytes, mono- 
cytes and granulocytes, as well as to identify the presence and nature 
of surface or cytoplasmic immunoglobulins. An antigen was consid- 
ered present if >20% of cells studied were positive. 

Ultrastructural studies. Bone marrow particles were fixed in a 
phosphate-buffered formaldehyde-glutaraldehyde mixture and fur- 
ther processed for transmission electron microscopy (TEM) in a 
routine fashion. For the ultrastructural localization of platelet- 
specific peroxidase, the tissue was first fixed in a tannic acid- 
aldehyde mixture.’ Thereafter, the material for peroxidase staining 
was incubated in 3,3’-diaminobenzidine (DAB) medium, fixed, 
embedded, and sectioned. 

Cytogenetic analyses. Procedures for the cytogenetic analysis of 
leukemia patients have been described in detail elsewhere.® Briefly, 
marrow cells were examined from 24 hour unsynchronized cultures 
and methotrexate-synchronized cultures. Chromosomes were exam- 
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ined with conventional Giemsa stain and quinacrine fluorescence 
banding techniques. All chromosome studies were performed at 
diagnosis, before initiating therapy. Chromosomes were identified 
and karyotypes assigned according to the International System for 
Human Cytogenetic Nomenclature (1985).’ 

Patients were classified by light microscopy according to the 
criteria of the FAB schema for both ANLL and ALL. 


RESULTS 


Of the 136 patients analyzed, 110 (81%) had ANLL, 16 
(12%) had ALL, and ten patients (7%) had leukemia that 
was not classifiable by conventional morphologic and cyto- 
chemical criteria (Table 1). There were no clinical charac- 
teristics, abnormalities on physical examination or initial 
laboratory parameters that distinguished these ten patients. 
One of these patients (no. 8) developed leukemia after 
extensive chemotherapy and radiotherapy for Hodgkin’s 
Disease. No history of mutagen exposure was noted in any of 
the other nine patients. A second patient (no. 6) had a low 
WBC count for 4 to 5 months before developing leukemia but 
no other patient had a hematologic disease before the diag- 
nosis of acute leukemia. The results of laboratory investiga- 
tions on these ten patients are summarized in Tables 2 and 
3. 

Light microscopy. Marrows were hypercellular in ail 
but one patient. Six patients had only occasional cells 
identifiable that were not leukemic whereas the other four 
patients had easily identified populations of residual mature 
myeloid or erythroid cells. In all of these patients, the 
leukemic cells were small with sparse, agranular, lightly 
basophilic cytoplasm, round nuclei, immature chromatin and 
prominent nucleoli (Fig 1). Auer rods were absent. In all 


Table 2. Hematologic and Cytogenetic Features 


, Peripheral Blood 
Patient 

No. WEC* BL (%) HOT (%) PLT* 
1 3.0 0 33 56 
2 175 100 36 80 
3 8.0 27 27 84 
4 51 94 22 51 
5 1.8 0 36 99 
6 2.6 20 27 21 
7 98 100 22 34 
8 6.5 28 26 30 
9 0.6 0 38 210 

10 0.6 5 23 20 


Abbreviations: WBC, white bload count; BL, blast percentage; HCT, hematocrit; PLT, platelet count. 


* x 10°/ ul. 
¢Graded as 0-4/4. 
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Bone Marrow 


Cellularityt Biasts (96) Karyotype 
3 50 Banding inadequate 
4 99 48,XX%,+X, + 8,101; 19 p34:q 1) 
3-4 95 45,XY, —5, —7,— 10, — 114, — 17.45, 
+ 3mar/46 XY 
3 99 46,XX.dic 17(p11) 
3 80 45,XX, — 3, — 14, — 20, de 2p? 1), 
del{7}(p 175).del(12i(q15q24), 
-+ der(3)t(3;?}(q2.?8:7), + dar{20) 
t(14;20}(q24:p 13) 
3 50 46, XY, — 7, 41/46, XY 
3 99 45, XY, — 1,-- 13, — 18,del{ 13) 
(q12q14),1(8: 14)(q24:q32}, 
+ deri titi 1; 15!p36:q 773}, 
4-der(13H(13:7}(q34:?)/ 
46,XY, -— 1, —6,— 13, — 15,dal13, 
t(8: 14), +der(t)t(1;15), 
+ der(6}1(6:7}(p25;?), + der{ 13} 
t(13:7),+ mar 
2-3 60 46,XX,r18ip 1 142 1)/46, XX 
2 95 Banding inadequate 
2-3 95 46,.XY 
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Table 3. Cell Surface Marker Analysis and Electron Microscopy 
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TdT HLA-DR® MCS-1¢ MCS-2¢ MY-10¢ MY-11¢ MY-26¢ OKM-1§ CALLA| 
Reference 3 8 8 9 10 
CD CDw15 CDw13 
Patient no. 
1 20% 69% 5 10 52 69 ND 
2 Neg 83 0 2 78 78 71 
3 40% 38 ND 42 41 77 ND 
4 Neg 85 ND 13 74 11 ND 
5 Neg ND ND 3 53 13 ND 
6 Neg 30 25 30 ND ND ND 
7 Neg 89 0 3 3 94 1 
8 Neg 48 6 52 21 26 21 
9 Neg ND 4 26 ND ND ND 
10 Neg 46 0 47 60 67 5 


All numbers represent percent of cells positive. 





OKT-3§ OKT-6§ OKT-10§ BIT Smig CyiG MPO# 


11 12 13 13 14 4 4 
CD11 CD10 cD3 CD1 CD20 

14 1 5 ND ND ND ND ND Pos 

81 1 2 ND ND ND 1 ND Neg 

42 2 5 2 10 4 ND ND Pos 
16 2 7 0 3C 16 0 O Pos 
9 2 12 63 ND ND ND ND Pos 

ND 2 ND ND ND NOD ND ND Pos 
2 3 3 ND ND ND ND ND Pos 

28 2 10 ND ND ND ND ND ND 

ND 5 ND ND ND NO ND ND Pos 
0 3 8 ND ND ND ND ND Pos 





Abbreviations: CD, cluster designation (as indicated by the first and second International Workshops on Leucocyte Differentiation Antigens); ND, not 


done: Pos, positive; Neg, negative 
*From Becton Dickinson, San Francisco. 
+ Gift of Dr Jan Minowada. 
tGift of Dr Curt Civin. 
§From Ortho Pharmaceuticals, Raritan, NJ. 
| Gift of Dr Jerome Ritz. 
From Coulter Immunology, Hialeah, FL. 
# Myeloperoxidase stain by transmission electron microscopy. 


patients, <3% of the blasts were positive with cytochemical 
staining for SB and staining with specific or nonspecific 
esterases and PAS was uniformly negative. Thus, although 
the appearance of the leukemic cells did not suggest lym- 
phoid origin, cytochemical criteria for the suspected diag- 
nosis of ANLL were not met. 

Leukemic cells were evaluated for the presence of Tdt by 
indirect immunofluorescence in all ten patients. In one 
patient (no. 1), 20% of the blasts were positive and in a 
second (no. 3), 40% were positive. The other eight patients 
each had <5% of their leukemic cells stain positively. 

Ultrastructural studies. TEM was performed on leu- 
kemic cells of nine of the ten patients. Blast cells in all 
patients appeared extremely undifferentiated on TEM. The 
nuclei contained primarily euchromatin with little hetero- 
chromatin, and large nucleoli were seen. With MPO staining 





Fig 1. 


Photomicrograph of Wright-Giemsa stained bone mar- 
row smear from patient no. 6. Several blasts contain scant 
cytoplasm and prominent, often multiple nucleoli. No Auer rods or 
cytoplasmic granulation can be identified. (Original magnification 
x 1,000; current magnification x 400.) 


(Fig 2), eight of the nine patients had leukemic cells contain- 
ing small numbers of MPO positive granules in the cyto- 
plasm in 6% to 40% of the blasts. Other cells had MPO- 
positive material in endoplasmic reticulum and nuclear 
membrane. MPO-positive cytoplasmic granules are not 
found in megakaryocytes or their precursors, or in cells of 
lymphoid lineage. Except when cells are fixed with tannic 
acid, the presence of MPO staining in endoplasmic reticulum 
and nuclear membrane identifies cells of myeloid lineage.” 
Thus, these patients were thought to have leukemia derived 
from a very early precursor cell committed to myeloid 
differentiation. Only patient no. 2 had leukemic cells lacking 
MPO activity, and megakaryocyte-specific peroxidase was 
also absent from bone marrow and peripheral blood cells 
examined after tannic acid fixation. Thus, eight of nine 
patients studied with TEM had evidence suggesting myeloid 
origin of their leukemic cells. 

Cell surface markers. Leukemic cells from all ten 
patients were evaluated for the presence of cell surface 
antigens with monoclonal antibodies to normal myeloid 
differentiation antigens. 

Myeloid differentiation antigens were present on the leu- 
kemic cells of all 10 patients. All but two patients had several 
such markers identified on their cells (Table 3). No consis- 
tent pattern of reactivity was seen although My-10 (seven of 
eight patients) and My-11 (six of eight) were frequently 
found. 

The common ALL antigen was not detected on the cells in 
any of the patients. T-cell differentiation antigens were 
found infrequently. The cells of two patients (no. 4 and 5) 
had a single such antigen. Leukemic cells from three patients 
were evaluated for B lymphocyte markers. None of these 
studies were positive, whereas all specimens tested were 
positive by HLA-DR (la-antigen), 

Chromosomal analyses, Cytogenetic analyses were per- 
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Fig2. (A) Electron micrograph of a blast cell from patient no. 4 
after formaldehyde-glutaraldehyde fixation and MPO staining. The 
nucleus contains a large nucleolus and little heterochromatin. The 
nuclear membrane stains positively with MPO (arrowheads). The 
cytoplasm contains endoplasmic reticulum, which also stains posi- 
tively for MPO (arrows). (Original magnification x 14,000; current 
magnification x 11,060.) (B) Electron micrograph of a blast cell 
from patient no. 6 after formaidehyde-glutaraldehyde fixation and 
MPO staining. The nucleus contains a large nucleolus and little 
heterochromatin. The cytoplasm contains mitochondria, endoplas- 
mic reticulum, and MPO positive granules (arrows). (Original 
magnification x 9,300; current magnification x 7,350.) 


formed in all ten patients. No patient had a Ph’ chromosome. 
Two patients (no. | and 9) had poorly banded chromosomes 
that precluded detailed analysis. Seven of the eight patients 
who had adequate metaphases examined had an abnormal 
karyotype. Two patients (no. 3 and 6) had loss of one no. 7 
chromosome, and a third (no. 5) had loss of part of the short 
arm of one no. 7 chromosome. One no. 17 chromosome was 
missing in one patient (no. 3), and a second patient (no. 4) 
had a dic(17) that resulted in loss of part of the short arm of 
the no. 17 chromosome. Two patients (no. 2 and 7) had 
translocations involving one no. 1 chromosome but with the 
involvement of different chromosomes. One of the latter 


1403 


patients (no. 7) also had t(8;14). No other chromosome was 
involved in more than a single patient. Patient no. 10 had a 
normal karyotype. 

Response to therapy. The ten patients with FAB-unclas- 
sifiable acute leukemia all received intensive chemotherapy. 
Eight patients were treated with daunorubicin (DNR) and 
cytosine arabinoside (Ara-C) according to the protocol ther- 
apy described below for ANLL. Two of these patients also 
were treated with vincristine and prednisone, one (no. 3) 
because of the presence of Tdt, and the other (no. 2) because 
of the absence of platelet or MPO staining on electron 
microscopy. One of these eight patients achieved a complete 
remission (CR). Two patients (no. | and 4) were treated with 
a regimen developed for ALL consisting of tandem metho- 
trexate and L-asparaginase in combination with vincristine 
and dexamethasone.'* One of these two patients, also with a 
low number of TdT-positive cells, achieved a CR. Of the 
eight patients in whom CR was not achieved, one (no. 7) died 
on day 15 with an aplastic bone marrow, while all seven of 
the remaining patients had refractory leukemia. 

Of the 110 patients with ANLL diagnosed by routine 
criteria, 104 were evaluable for response to chemotherapy. 
Five patients who were not treated and one who was lost to 
follow-up were inevaluable. Of these 104 patients, 57 of 90 
(63%) with de novo ANLL achieved CR (Table 1). Five of 
14 (36%) patients with secondary ANLL achieved CR. 
Treatment of these 104 patients consisted of protocol chemo- 
therapy (99 patients) with DNR 45 mg/m? daily for three 
days, and Ara-C by continuous infusion for seven days at a 
dosage of either 100 mg/m? before December | 982'° or 200 
mg/m? after January 1983.'’ Five patients who received 
other regimens did not achieve a complete response. 

Of the 16 patients with ALL, eight of 15 achieved CR 
after treatment with either DNR, vincristine, prednisone, 
and L-asparaginase™ or with a combination of methotrexate 
and L-asparaginase given in a tandem fashion with vincris- 
tine and dexamethasone.'* One patient refused treatment. 


DISCUSSION 


The ten patients described here did not meet the FAB 
criteria for any of the various subtypes of acute leukemia. 
The diagnosis of ANLL could be made only by ultrastructu- 
ral MPO staining or cell surface marker studies. Eight of the 
patients (no. 1, 3,4, 5,6, 7, 9, and 10) had MPO positive cells 
and, on this basis, had ANLL. The FAB group suggests that 
the demonstration of MPO positive blast cells by TEM is 
sufficient to establish myeloid lineage.” The number of cells 
with MPO positive material varied considerably, from 6 to 
40%, in different patients. It is likely that this underestimates 
the frequency of positive cells because the thin sections 
necessary for TEM may by chance not detect the presence of 
small granules. With MPO at the light microscopy level, an 
arbitrary minimum percentage of 3% has been set by the 
FAB group; no such “definition” exists for ultrastructural 
MPO. The variation in both the percentage of positive cells 
and the degree of “positivity” per cell emphasizes the consid- 
erable heterogeneity of morphologic differentiation occur- 
ring even within the same patient. 
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In the other two patients, the diagnosis of ANLL 
depended solely on cell surface marker studies. All ten 
patients tested positively for myeloid antigens, and in two 
patients (no. 2 and 8), this was the only evidence of lineage 
specificity. When MPO or platelet PO activity is absent 
(patient no. 2) or cannot be established (patient no. 8), the 
constellation of four different positive “myeloid” monoclonal 
antibodies as for patient no. 2, and five different positive 
“myeloid” monoclonal antibodies, as for patient no. 8, is 
sufficient to indicate myeloid features and to confirm the 
diagnosis of ANLL. This is substantiated by the presence of 
OKM.-1 in both patients no. 2 and 8. A recent review notes 
that OKM-1 has not been reported in cells from any of 92 
patients with lymphoid leukemias.’? Other monoclonals posi- 
tive on cells from these two patients are less lineage-specific. 
My-10 and My-11 have been identified on both ALL and 
ANLL.’? The absence of Tdt and CALLA in these two 
patients in conjunction with several positive myeloid antigens 
confirms the presence of a very early cell committed to 
myeloid differentiation. 

There have been a number of descriptions of patients with 
characteristics suggestive of both ALL and ANLL, examples 
of so-called “lineage infidelity” or biophenotypic leuke- 
mia.” Four of our patients may fit into this category. Two 
patients (no. | and 3) had Tdt detected in a minority of their 
blasts. Tdt positivity was detected in 19 of the 110 (17%) 
patients with classifiable ANLL in our study. Some may 
have been due to nonspecific Fc receptor mediated binding of 
reagents in that they were less positive after incubation of 
cells in AB plasma. Others, however, seemed to represent 
“true” positives. The presence of Tdt in some patients with 
ANLL has been confirmed by other investigators using a 
biochemical method”! of identifying Tdt activity, and has 
recently been identified in as many as 22% of patients with 
ANLL using an immunoperoxidase method.” Tdt has also 
been detected in immature cells in regenerating bone mar- 
row” and in a recent review by Ben-Bassat and Gale,” it was 
stated that Tdt positivity alone in association with myeloid 
characteristics is insufficient to confirm the suspicion of 
biophenotypic leukemia. 

Similarly, antibodies raised against thymic cells (OKT-6 
and OKT-10), were reactive in two MPO positive, TdT 
negative patients (no. 4 and 5). Reinherz et al% found that 
the spectrum of OKT-10 positive cells included up to 20% of 
cells in normal bone marrow, suggesting that the deter- 
minant recognized by this antibody is not restricted to 
lymphocytes, and represents an “early differentiation anti- 
gen.” Similarly, OKT-6 has been reported to be reactive with 
malignant cells from patients with histiocytosis X,” and with 
the myeloid cell line HL-60 after stimulation with gamma 
interferon.” Neither patient was studied for the presence of 
T-cell receptor gene rearrangements. 

The diagnosis of acute megakaryoblastic leukemia (FAB- 
M7) was considered and excluded in nine of the ten patients. 
In immature megakaryoctyes, the peroxidase stain is positive 
only after fixation in tannic acid, and peroxidase-positive 
material is present in the nuclear membrane and endoplas- 
mic reticulum.’ Two patients with the M7 subtype were 
identified within the group of 110 with ANLL using this 
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technique. One of the ten patients studied had neither MPO 
nor megakaryocyte peroxidase positive cells in either periph- 
eral blood or bone marrow. Eight patients had MPO positiv- 
ity on TEM with standard fixation, a finding not found with 
M7 leukemia. The FAB-M?7 subtype was therefore defini- 
tively excluded in these nine patients. 

These patients thus had leukemia that lacked features that 
are currently recognized as diagnostic of ALL or ANLL 
within the FAB schema. The FAB group recognizes that 
unclassifiable leukemias occur, but estimates the frequency 
at 2% in adults.’ They describe this group as a mixture of 
patients with basophilic leukemia, hypoplastic ANLL, and 
ANLL requiring ultrastructural peroxidase studies “‘to con- 
firm their granulocytic nature.” In our series, ten of 136 
patients (7%) fit this last category. In a series of patients 
reported by Youness et al,” 22 of 225 patients (10%) were 
thought to have acute undifferentiated leukemia (AUL), 
defined by the investigators as patients in whom light micros- 
copy with the usual battery of cytochemical stains was not 
helpful in classification in the FAB schema. As in our 
patients, the leukemic cells were described as undifferen- 
tiated agranular cells with more cytoplasm than an L1 blast, 
round nuclei and one to two nucleoli. Of these 22 patients, 14 
were classified as ANLL on the basis of TEM and MPO 
staining. In a third series, four of 56 (7%) ANLL patients 
were Classified as AUL, but were defined only as “unclassifi- 
able." A fourth series described nine of 202 (4%) with 
either AUL or “biphenctypic” leukemia with leukemic cells 
similar to those described in our patients.’ Despite the lack 
of uniform definition, all these series identify patients who 
had undifferentiated leukemia that was nonetheless consid- 
ered myeloid by varying criteria. This subtype occurs with a 
frequency similar to that of the M3, M6, or M7 subtypes 
suggesting that the FAB group has underestimated the 
frequency of the entity of minimally differentiated acute 
myeloid leukemia. 

Some patients with minimally differentiated ANLL may 
have been classified as ALL in many centers. A recent report 
from Cancer and Leukemia Group B (CALGB) of 129 adult 
patients treated for ALL identified four patients (3%) who 
lacked both B cell and T cell markers.” These patients 
exhibited only myeloid differentiation antigens when studied 
with monoclonal antibodies. A French group reported 25 
adult patients with “ALL” who lacked both B cel! and T cell 
markers.” Five patients studied by TEM with peroxidase 
staining demonstrated myeloid blasts. 

No consistent cytogenetic abnormality was identified in 
the group of patients with minimally differentiated ANLL, 
but the number of patients is small. Seven patients with 
adequate mitoses for detailed analysis had structural rear- 
rangements. One of these alterations (patient no 7), t(8:14) 
(q24:q32), is typically found in Burkitt’s lymphoma and 
ALL-L3. Surface immunoglobulin was not evaluated in cells 
from this satient, although ultrastructural MPO was posi- 
tive. Many of the other chromosome changes (eg, +7,+8, 
dic(17), and ring chromosomes) have been reported both in 
ANLL and ALL. Four of the seven patients had complex 
karyotypes similar to those in ANLL patients described by 
Sakurai and Sandberg” as “major karyotypic abnormali- 
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ties” (MAKA). Among the remaining three patients, two 
had ring chromosomes, also a common finding in patients 
with MAKA. Although one patient (no. 8) with a ring 
chromosome had a history of prior therapy for Hodgkin’s 
disease and was thought to have a therapy related acute 
leukemia, the other patients had no history of prior hemato- 
logic disease, malignancies, or mutagen exposure. In review- 
ing the previous mentioned series, only one (Youness et al)” 
examined karyotypes, and the vast majority of cases were 
examined without the benefit of banding techniques. In the 
three patients studied with banding, one had a MAKA, a 
second had two abnormal clones identified, both with dif- 
ferent abnormalities of chromosome no. 13, and the third had 
an abnormality of chromosome no. 21. 

Last, the response rate in these ten patients was extremely 
poor. Treatment in eight patients with standard ANLL 
chemotherapy produced one brief CR lasting 5 months and 
six patients had resistant leukemia. The other patient who 
achieved CR, the eldest of the group, was treated with a 
regimen active in both ALL and ANLL, and died of compli- 
cations of further chemotherapy 4 months after achieving 
CR. These results differ significantly from the 60% CR in 
the 104 concurrently treated patients with ANLL who were 
classifiable according to the FAB system (P = .02, Fisher 
exact test). Youness et al found a CR rate of 68% in the 22 
patients reported, but the median survival time was only 26.7 
weeks.”” This is considerably shorter than the median sur- 
vival for patients with ANLL treated at the same institu- 
tion. In the four patients described by Foon et al,” three 
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achieved complete response but data on survival are not 
available. Mertlesman et al?’ noted both a decrease in the 
remission rate and shortened duration of survival and remis- 
sion in their mixed group classified as AUL although statisti- 
cal significance is not reached due to small patient numbers. 
In reviewing their results in patients with minimally differen- 
tiated ANLL treated as ALL, Reiffers et al noted that all 
five patients who were MPO-positive by TEM were among 
the group of seven patients in whom treatment failed to 
produce a remission.” Lastly, CALGB noted that none of the 
four patients with what they termed “myeloid” ALL 
achieved CR when treated with daunorubicin, vincristine, 
prednisone, and L-asparaginase.” 

The ten patients described here have leukemia that is 
nonlymphocytic by morphology, ultrastructure, and cell sur- 
face markers. The ability to prospectively identify a group of 
patients with poor response to chemotherapy suggests that 
minimally differentiated ANLL is indeed a clinically distinct 
subtype of acute leukemia. This leukemia is presumably 
derived from very early committed granulocyte precursors. 
Our series and those previously cited suggest that an M-O 
category for ANLL be created and defined by the presence 
of MPO detectable only on the ultrastructural level. The 
absence of lymphoid markers and the presence of myeloid 
differentiation antigens is confirmatory, and identify 
patients in whom TEM with MPO should be examined. It 
would appear that the prognosis for patients with minimally 
differentiated ANLL is poor using standard therapeutic 
approaches. 
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Evidence for the Interleukin-2 Dependent Expansion 
of Leukemic Cells in Adult T Cell Leukemia 


By Michiyuki Maeda, Naomichi Arima, Yasuhisa Daitoku, Mari Kashihara, Hiroyuki Okamoto, 
Takashi Uchiyama, Kenji Shirono, Masao Matsuoka, Toshio Hattori, Kiyoshi Takatsuki, 
Koichi Ikuta, Akira Shimizu, Tasuku Honjo, and Junji Yodoi 


interleukin 2 (IL-2) receptor/Tac antigen is abnormally 
expressed on cells of patients with adult T cell leukemia 
(ATL) caused by infection with human T lymphotropic virus 
type I (HTLV-I). Twenty-five patients with ATL were exam- 
ined to determine whether their leukemic cells continued 
to show IL-2—dependent proliferation. In 21 patients, the in 
vitro proliferation of HTLV-l-infected nonleukemic T cell 
clanes was found to be dependent on IL-2. However, 


DULT T CELL LEUKEMIA (ATL),'* endemic in 
southwest Japan, the Caribbean Islands, and Africa, is 
etiologically associated with human T lymphotropic virus 
type | (HTLV-I). Leukemic cells in ATL consist of 
monoclonal HTLV-I infected T cells’ with the surface phe- 
notype of helper T cells,” and they continuously express an 
excess number of IL-2 receptors.'*'? Such constitutive IL-2 
receptor production by both HTLV-I and HTLV-II-infected 
helper T cells has been shown to be induced by the pX or tat 
genes of the two viruses.'*'* In contrast, normal mature T 
cells transiently express IL-2 receptors when stimulated by 
antigens or mitogens, resulting in transient [L-2~induced cell 
proliferation." Since T cell proliferation is regulated by the 
interaction between IL-2 and IL-2 receptors, the abnormal 
expression of IL-2 receptors on ATL leukemic cells is 
thought to be responsible for their unregulated growth.’* 
Indeed, using IL-2 as a growth factor, long-term cultures of 
T cells were established from ATL patients,'”" but rarely 
from HTLV-I noninfected healthy donors. However, analy- 
ses of the rearrangement profiles of the T cell receptor gene 
revealed that most of these ATL-derived T cell lines did not 
represent major clones of the original ATL leukemic cells.” 
Peripheral leukemic cells from ATL patients did not grow in 
the presence of IL-2.%! However, we found a chronic ATL 
patient whose leukemic T cells were able to grow as a 
permanent cell line in the presence of IL-2. This cell line’s 
rearranged T cell receptor gene profile was identical to that 
of the patient’s peripheral leukemic T cells.” We therefore 
speculated that IL-2 acts as a growth factor for HTLV- 
l-infected T cells in some stage of ATL development. 
We extended our work to search for similar cases and, here 
we report four patients whose leukemic T cells proliferated in 
the presence of IL-2. 


MATERIALS AND METHODS 


Patients. Four male patients were diagnosed as having ATL on 
the basis of clinical and hematological findings. ATL was further 
confirmed by the presence of a monoclonal population of HTLV- 
1~infected T cells, identified by Southern blot hybridization using as 
a probe cDNA of the U3R portion of the HTLV-I genome. The 
peripheral blood leukocyte (PBL) count and percentage of atypical 
lymphocytes were 46,000/nL (67%) in patient no, 1 (55 years), 
15,500/uL (55%) in patient no. 2 (66 years), 30,900/zL (47%) in 
patient no. 3 (42 years), 37,500/uL (53%) in patient no. 4 (35 
years). Patients no. | and 2 had acute ATL, and patients no. 3 and 4 
had chronic ATL. 
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clonality analysis based on T ceil receptor gene rearrange- 
ment profiles and the site of HTLV-I provirus integration 
revealed IL-2—dependent growth in leukemic celis in four 
patients with ATL. These results provide evidence for the 
iL-2—dependent proliferation of leukemic cells in some ATL 
patients. 
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Cells and cell culture. Mononuclear cells were separated by 
Ficoll-Hypaque centrifugation (LSM solution, Litton Bionetics, 
Kensington, MD) from heparinized samples of the patients’ periph- 
eral blood. Cells were cultured at an initial cell density of 5 to 10 x 
10° cells/mL in RPMI 1640 medium supplemented with 2 mmol/L 
L-glutamine. 100 g/mL kanamycin and 10% to 20% fetal bovine 
serum (FBS) (Rehatuin, Armour Pharmaceutical Co, Kankakee, 
IL) in the presence of crude or recombinant IL-2. Cells were 
subcultured every three to five days by spliting them at a two to five 
fold dilution depending on their density. Cells were cultured in 
55-mm petri dishes (Falcon) at 37°C in a humidified atmosphere of 
5% CO, in air. 

IL-2 preparation. Conditioned medium containing IL-2 was 
prepared by culturing mitogen-stimulated peripheral blood lympho- 
cytes and spleen cells as described.” Recombinant IL-2 produced in 
Escherichia coli was kindly supplied by Dr Y. Sugino (Takeda 
Chemica! Industries, Osaka, Japan). For T cell growth stimulation 
crude IL-2 was used at a 25% to 50% (vol/vol) concentration in 
RPMI 1640 medium, and purified recombinant IL-2 was used at ] 
to5 U/mL (1 U/mL = 7.5 ng/mL). 

Southern blot hybridization. High molecular weight DNA was 
extracted from peripheral blood mononuclear cells of ATL patients 
and from IL-2-dependent T cell line cells derived therefrom. Proce- 
dures for DNA extraction, digestion by restriction enzymes, clectro- 
phoresis, blotting to nitrocellulose filter, and hybridization with 
2p. labeled molecular probes are described elsewhere.” To analyze T 
cell receptor gene rearrangement, a 2.6 kilobase (kb) HindIH 
fragment, containing the constant region of the human 8 chain, was 
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used as the probe.” To detect HTLV-I provirus the long terminal 
repeat (LTR) (Smal-Sacl, 456 base pairs [bp]) was used as the 
probe.” 

Examination of the cell surface phenotype by monoclonal anti- 
body. The surface phenotypes of fresh and cultured ATL cells 
were examined by indirect immunofluorescence analysis using OK- 
series (Becton Dickinson, Oxnard, CA), Leu-series (Ortho Diagnos- 
tic Systems, Raritan, NJ) and anti-Tac monoclonal antibodies. 
Fluorescein-isothiocyanate (FITC)—conjugated goat anti-mouse 
immunoglobulin (Cappel) was used as the second antibody. The 
results were expressed based on cluster and differentiation (CD) 
classification.” Fluorescence intensity and the percentage of fluores- 
cence positive cells was examined by an Ortho Spectrum HI (Ortho 
Diagnosis Systems, Sunnyvale, CA) flow cytometer. 


RESULTS 


IL-2—dependent growth of ATL leukemic T cells. Pe- 
ripheral blood mononuclear cells from patients no. 1 through 
4 were seeded in 10% FBS supplemented RPMI 1640 
medium in the presence of either crude or recombinant IL-2. 
The cells began to grow without a lag phase, and after several 
weeks showed stable growth that was dependent on exoge- 
nous IL-2, though the growth pattern varied among cells 
from different patients. T cell lines derived from patients no. 
1, 2, and 4 have been maintained as leukemic clones in in 
vitro culture for more than a year. Characterization of these 
T cell lines was carried out after 3 months in culture. A T cell 
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Fig 1. The effect of IL-2 on DNA synthesis in cultured ATL 
leukemic cells. Leukemic T celis in long-term culture derived from 
patient no. 1 (@—-@), patient no. 2 (O-O), patient no. 3 (a——), 
and patient no. 4 (A~-—A), were cultured in the presence of 
different concentration of purified recombinant IL-2 in 96-well 
microtiter plate and cultured for 72 hours or 120 hours (patient no. 
2). Celis were seeded at 2 x 10°/200 uL/well or 1 x 10*/200 
ut. /weil (patient no. 2). Cells were pulse labeled with methyl-7H 
thymidine (2 Ci/mmol, Amersham) at 1 uCi/mL for the last four 
hours of culture, and were harvested on giass-fiber filter paper 
using a cell harvester (Bellco Co, Vineland, NJ). *H-TdR incorpora- 
tion was counted by a Packard Mark il scintillation counter. 
Results were expressed as the mean + SD based on triplicate 
assays. 
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line derived from patient no. 3 has been maintained as 
leukemic clones for more than 3 months and the Southern 
blot hybridization study was carried out after 2 weeks in 
culture. The growth curves for these four T cell lines are 
shown in Fig I. 

Characterization of the ATL and cultured cells. As 
shown in Table 1, peripheral blood ATL cells of three 
patients were CD 4 (OKT-4/Leu-3a)-positive, whereas 
those of patient no. 3 were CD 4- and CD 8 (OKT- 
8/Leu-2a)-positive. All cultured cells were found to be T 
cells (CD 2°), and showed the same surface phenotype as the 
fresh ATL cells. In addition, all the cultured cells overex- 
pressed the IL-2 receptor/Tac antigen (CD 25°, data not 
shown). 

Clonality analysis of the cultured T cells. As every T 
cell clone expresses different T cell antigen receptor, identifi- 
able by the T cell receptor gene rearrangement, T cell 
clonality can be analyzed by examining the T, gene rear- 
rangement. Such rearrangements are visualized by decreases 
in the intensities of the germ line bands (EcoRI, 4 kb and 
10.5 kb/ BamH1, 23 kb; as shown in Fig 2), and by the 
appearance of one or two new bands. T cells obtained from 
the four ATL patients were found by Southern blot hybrid- 
ization to consist of monoclonal populations, each with a 
different T; gene rearrangement (no. 1, 3, 5, and 7 in Fig 2A, 
a and b). The cultured T cells also contained monoclonal 
populations (no. 2, 4, 6, and 8 in Fig 2A, a and b). Moreover, 
the T, gene rearrangement profiles of the fresh ATL cells 
were identical to those of their derived T cell lines (no. 1 and 
2; no. 3 and 4; no. 5 and 6; no. 7 and 8 in Fig 2A, a and b). 

HTLV-I genome in the ATL leukemic and cultured T 
cells, In ATL, HTLV-I provirus is usually integrated as a 
single copy into leukemic cells, and can be detected by 
Southern blot hybridization using a fragment of HTLV-I 
cDNA as a molecular probe. EcoRI digestion of all four 
ATL patients’ peripheral blood mononuclear cell DNA 
revealed a single band (no. 1, 3, 5, and 7 in Fig 2B). HTLV-I 
provirus was also detected in the cultured T cell lines (no. 2, 
4, 6, and 8), although multiple bands were detected in three 
cases. Moreover, when the original ATL cells and their 
derived T cell lines were combined, a common band was 


Table 1. Surface Phenotypes of ATL Cells and Their Derived 
Cuitured T Celis 





Patient PBL/Cutued CD5 CD4 CD8 CD2 CD25 OK-la/HLA-DR 


No. T celis {T} (%)  (%} (%) (%) (%) (%) 
1 PBL 98.9 97.2 13 NT 804 714.5 
T NT 996 0.1 98.7 99.3 $8.5 
2 PBL 79.2 95.6 1.5 NT 92.5 91.7 
T NT 93.1 0.7 97.4 98.8 98.7 

3 PBL NT 70.7 60.7 87.0 88.1 NT 
T NT 31.4 97.5 99.9 99.6 NT 

4 PBL NT 89.0 3.9 92.6 20.4 43.3 
T NT $8.9 1.2 99.5 88.1 NT 





aaran 


Viable cells were treated with mouse monoclonal antibodies Leu- 





_Series, OK-series and anti-Tac) followed by staining with FITC-conjugated 


anti-mouse IgG goat antibocy F(ab’) fragment. Stained cells were 

examined using Ortho Spectrum Ili flow cytometer. Surface phenotypes 

were expressed based on cluster and differentiation (CD) classification. 
Abbreviation: NT, not tested. 


IL-2 DEPENDENT PROLIFERATION OF ATL CELLS 





observed (no. | and 2; no. 3 and 4; no. 5 and 6; no. 7 and 8 in 
Fig 2B). 


DISCUSSION 


The discovery of T cell growth factor (TCGF), or IL-2, 
made selective long-term growth of mature T cells possible,” 
and some investigators speculated that malignant T cells 
with mature T cell phenotypes could be selectively grown 
using IL-2 as a growth factor. 527 

Since ATL is a leukemia of mature T cells with helper/ 
inducer phenotype,” whose cells express IL-2 receptor con- 
stitutively,’®'? we thought it possible that IL-2 would be an 
effective growth factor for them. Indeed IL-2—dependent 
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Fig 2. Clonality analysis of ATL-derived T cell lines and the 
original ATL cells by Southern blot hybridization using a T, probe 
and an HTLV-I U3R probe. (A) Southern blot analysis of T cell 
receptor gene rearrangements by T, probe. DNAs were digested 
by one of two restriction enzymes: a, EcoRI; b, Bambi. (B) 
Southern blot analysis by HTLV-I U3R probe of the HTLV-I integra- 
tion site. Origins of DNAs were: 0, human placenta; 1, 3, 5, 7. PBL 
of patients no. 1, 2, 3, and 4, respectively; 2, 4, 6, 8, T cell line cells 
derived from patients no. 1, 2, 3, and 4, respectively. 


helper T cell lines could be established from the peripheral 
blood of ATL patients, but clonality analyses based on the T 
cell receptor gene rearrangements and the site of HTLV-I 
provirus integration revealed that most of these T cell lines 
were clonally different from ATL cells. They are believed to 
have been derived from HTLV-I-infected nontransformed T 
cells.” From a patient with chronic ATL, however, we 
established an IL-2-dependent T cell line that had the same 
T cell receptor gene rearrangement and HTLV-I genome 
integration profiles as the original leukemia cells.” From this 
ATL patient, we sequentially established four IL-2-depen- 
dent leukemic T cell lines, including the newly established T 
cell line derived over 7 months from patient no. 4 described 
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here. The findings of IL-2 responsive ATL cells in his 
peripheral blood suggested that ATL cells might at some 
time during the disease be IL-2~—responsive. Therefore, we 
attempted to grow IL-2—dependent T cells from more than 
25 ATL patients, and subjected the cells obtained to clonal- 
ity analysis to determine whether they were derived directly 
from the original ATL cells. To date, we have identified four 
ATL patients from whom ATL cell clones could be grown as 
IL-2—dependent T cell lines. 

Although it was reported that leukemic cells of most 
patients with ATL did not respond to IL-2,” despite consti- 
tutive IL-2 receptor expression, some cases of [L-2—respon- 
sive ATL including our studies have recently been 
reported.” 

An important question arises as to whether these IL- 
2—responsive ATL cases have clinical features distinct from 
the majority of ATL cases in which leukemic cells do not 
respond to IL-2. Although our first IL-2~responsive ATL 
case had a chronic clinical course, only one of the other three 
cases had a chronic to subacute course. Further clinical 
studies are required to delineate this point. 
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Furthermore, it has been found that ATL-derived IL- 
2—dependent T cells become [L-2—independent during long- 
term culture. ™ = We also isolated IL-2—independent leu- 
kemic T cell clones from the [L-2—dependent T cell lines in 
patient no. 4 (unpublished). 

These results suggest the presence of an [L-2—-dependent 
growth phase of leukemic cells in some ATL patients. Such a 
phase may be in the early stages of ATL, because leukemic 
cells in the majority of ATL cases do not respond to IL-2. To 
examine this possibility in vivo, a follow-up study over 3 
years on the patient no. 4 is in progress. It is worth mention- 
ing that freshly isolated ATL cells cf patient no. | grew in an 
autocrine fashion.” 
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Acute Nonlymphocytic Leukemia Following Etoposide and Cisplatin Combination 
Chemotherapy for Advanced Non-Small-Cell Carcinoma of the Lung 


By Mark J. Ratain, Lynne S. Kaminer, Jacob D. Bitran, Richard A. Larson, Michelle M. Le Beau, 
Consuelo Skosey, Sandy Purl, Philip C. Hoffman, James Wade, James W. Vardiman, 
Karen Daly, Janet D. Rowley, and Harvey M. Golomb 


Combination chemotherapy is frequently used in the ther- 
apy of advanced non-small-cell lung cancer (NSCLC), but 
late complications are rarely recognized because of the 
short survival of most patients. Of 119 patients with 
advanced NSCLC treated with cisplatin and other drugs, 
four patients developed acute nonlymphocytic leukemia 
{(ANLL). All four patients received etoposide and cisplatin 
with or without vindesine. Leukemia was diagnosed at 13, 
19, 28, and 35 months after start of treatment. Three 
patients had morphologic and/or cytogenetic features of 
acute leukemia with significant monoblastic involvement; 
the fourth patient had trilineage dysplasia and cytogenetic 
abnormalities more commonly associated with therapy- 
related leukemia. Detailed analysis of the subgroup who 


A CUTE NONLYMPHOCYTIC LEUKEMIA 
(ANLL) is a known late complication of chemother- 
apy and/or radiotherapy.''* Most reports to date explicitly 
implicate alkylating agents as the leukemogenic factor, 7 
and the incidence of ANLL is higher in those patients 
treated with both alkylating agents and radiotherapy.' Ther- 
apy-related ANLL (t-ANLL) may be morphologically” and 
cytogenetically”"' distinguishable from acute leukemia aris- 
ing de novo. Initial reports of t-ANLL were primarily among 
long-term survivors after curative therapy for Hodgkin’s 
disease and non-Hodgkin’s lymphomas.'? More recently, this 
late complication of cytotoxic therapy has been reported in 
patients with small-cell carcinoma of the lung*® and other 
solid tumors.?447111 

Combination chemotherapy (often containing alkylating 
agents) is frequently used in the management of patients 
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survived longer than 1 year (24 patients) suggests that high 
cumulative doses of etoposide are leukemogenic; the 
median etoposide dose was 6,795 mg/m’ (first year only) in 
the four leukemic patients compared with 3,025 mg/m? in 
the 20 nonleukemic patients {P < .01}. The rate of ANLL 
was 0.30 per person-year after the first year (95% confi- 
dence limits 0.11 to 0.9C), with a cumultative risk of 15% + 
11% at 2 years, and 44% + 24% at 2.5 years. We conclude 
that high doses of etoposide are potentially leukemogenic, 
and can induce a syndrome with features of acute mono- 
blastic leukemia de novo that is distinct from other second- 
ary leukemias. 

®1987 by Grune & Stratton, inc. 


with advanced non-small-cell lung cancer (NSCLC), but 
late complications of therapy are-rarely recognized due to the 
short survival of most patients.'* Many recent studies have 
used cisplatin-based regimens, often in combination with 
etoposide and/or vindesine'** to exploit possible synergy.” 
We recently suggested in a preliminary report that the 
combination of cisplatin, etoposide, and vindesine is highly 
leukemogenic, based on the development of ANLL in three 
of 24 lung cancer patients who survived 1 year or more.” 
After further follow-up of this cohort of 24 patienis, we now 
report a fourth case of ANLL. Analysis of these patients 
provides circumstantial evidence that etoposide may be the 
leukemogenic agent, and that etoposide may induce a leuke- 
mia with the morphologic and cytogenetic features of acute 
monoblastic leukemia (AMoL), rather than those more 
commonly seen in t-ANLL due to alkylating agents. 


MATERIALS AND METHODS 


From February 1981 to September 1984, 119 patients with stage 
HI NSCLC were treated with cisplatin-containing regimens at the 
University of Chicago and Michael Reese Medical Centers. Patients 
with metastatic disease were entered into a phase III trial comparing 
three cisplatin-based regimens (Table 1} with a fourth arm using 
cyclophosphamide, doxorubicin, methotrexate, and procarbazine 
(CAMP).” Patients with unresectable stage IHM, disease were 
entered in a phase H trial of vindesine, etoposide, and cisplatin 
(VEP) using the same schedule described in Table 1. The patients 
who received CAMP have been excluded from the present analysis, 
since they received cyclophosphamide, a known leukemogenic 
drug,” although there were no patients with secondary leukemia in 
this cohort of 35 patients, of whom five survived at least | year. 

Eligibility criteria included: histologically confirmed NSCLC of 
stage HIM, or stage ITHIM with either malignant pleural effusion or 
T, lesions with mediastinal involvement: no prior chemotherapy; 
creatinine Clearance >70 mL/min; and a Zubrod performance 
status <3, All patients were advised of procedures and attendant 
risk, and gave informed consent, in accordance with federal and 
institutional guidelines. Patients were hospitalized for administra- 
tion of cisplatin to ensure adequate hydration. Cisplatin was admin- 
istered over six to eight hours with mannitol diuresis. Etoposide and 
vindesine were administered in the outpatient clinic, using a 30 to 60 


Blood, Vol 70, No 5 (November}, 1987: pp 1412-1417 


ANLL FOLLOWING ETOPOSIDE-CISPLATIN THERAPY 


Table 1. Dose Schedules for VP, EP, VEP Regimens 


Regimen Drugs Dose Schedule and Route 
VP Vindesine 3 mg/m’ Weekly IV for 12 weeks, 
then biweekly 
Cisplatin 120 mg/m” Every 3 weeks IV for 12 
weeks, then every 6 
weeks 
EP Etoposide 300 mg/m? Weekly IV for 12 weeks, 
then biweekly 
Cisplatin 120 mg/m As per VP 
VEP Vindesine 3 mg/m” As per VP 
Etoposide 300 mg/m’ As per EP 
Cisplatin 120 mg/m? As per VP and EP 


Abbreviation: IV, intravenously. 


minute infusion for etoposide and a rapid bolus for vindesine. 
Patients received at least two cycles (6 weeks) of therapy before 
re-evaluation. The therapy was discontinued in the event of pro- 
gressive disease, unacceptable toxicity, or patient request. Palliative 
radiotherapy was allowed at any time. 

Twenty-four patients survived for more than | year after initiation 
of therapy (either chemotherapy or radiotherapy), and these 
patients were analyzed further for risk factors for ANLL. Patients 
who survived <} year were not considered to be at risk of developing 
ANLL because the reported latent period for this complication is 
rarely this short.” >" (In fact, none of these 95 patients were noted 
to develop ANLL.) The observation period was defined as time from 
start of therapy to death, ANLL (or the preleukemic phase), or 
September 18, 1986. The risk period was defined as the observation 
period following the first year. Risk estimates were determined by 
dividing the number of failures by the total person-years of risk, and 
an asymptotic maximum likelihood estimation was used to deter- 
mine 95% confidence limits.” The cumulative risk of ANLL was 
also estimated according to the method of Kaplan and Meier.” The 
Mann-Whitney test was used to detect differences between the 
leukemic and nonleukemic patients. 


RESULTS 


Of the 24 1-year survivors, 17 were men and seven were 
women. The median age was 56 years (range, 38 to 69 years). 
Eighteen patients had metastatic disease, and six were stage 
IHM. Twelve patients had adenocarcinoma, eight patients 
had squamous cell carcinoma, and four patients had large 
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cell undifferentiated carcinoma. Three patients received only 
vindesine and cisplatin, nine patients only etoposide and 
cisplatin, and 12 patients received all three drugs. Nineteen 
patients received radiotherapy to limited fields, usually in the 
thorax. Only two patients received pelvic radiation. The 
median dose in the 19 patients was 30 Gy (range, 12 to 60 
Gy). 

Nineteen patients died after a median survival of 15 
months (range, 12 to 26 months) without evidence of ANLL, 
one patient is alive (for 32 months) without evidence of 
ANLL, and four patients developed ANLL. The clinical and 
pathologic features of the latter group are summarized in 
Table 2, and their individual case reports follow. 


Patient No. I 


A §7-year-old woman presented in September 1981 with bilateral 
pulmonary nodules. Bronchoscopy was positive for adenocarcinoma. 
In November 1981, she began therapy with cisplatin and etoposide. 
A partial response was documented in December 1981. Cisplatin 
was discontinued in April 1983 due to mild renal insufficiency, but 
etoposide was continued until March 1984. Blood counts at that time 
were hematocrit 22%, WBC count 3,700/uL, and platelets 65,.000/ 
uL. In April 1984, bone marrow aspiration and biopsy demonstrated 
a normocellular marrow with myelodysplasia but <5% myeloblasts. 
She was treated with cis-retinoic acid for 3 months without improve- 
ment. A second bone marrow examination in November 1984 was 
hypercellular with trilineage dysplasia and 25% to 30% myeloblasts. 
Cytogenetic analysis demonstrated a mosaic female karyotype char- 
acterized by three related abnormal clones, cach with abnormalities 
of chromosomes 5 and 7 (Table 2). No further therapy was 
administered, and the patient died in November 1984. 


Patient No. 2 


A 58-year-old woman presented in May 1982 with a right lung 
mass and pleural! effusion. Sputum cytology and thoracentesis were 
positive for adenocarcinoma. A bone scan showed increased uptake 
in the thoracic spine and right femur consistent with metastases. In 
June 1982, she began receiving VEP therapy with stabilization of 
her disease. In December 1983, she presented with dementia and 
ataxia. Lumbar puncture revealed malignant cells consistent with 
adenocarcinoma in the spinal fluid. An Ommaya shunt was 
implanted, and intraventricular methotrexate therapy (with oral 


Table 2. Summary of Clinical, Morphologic, and Cytogenetic Features of Leukemic Patients 





Cumulative Dose (mg/m?*)* 


Patient Age/Sex Radiotherapy VDS VP 16 DDP 
1 57/F No 0 7.350 803 
2 58/F No 77 7,950 590 
3 59/M Yes 35 4,382 120 
4 70/F No 0 6,240 120 


P EEAO OOO E NAIEN A E OEEO EEEE a aaaea aaan aanta aaa 


rete vers anma vaika aiiin aaar 


Time to Morphologic 
ANLL (mo) Classification Karyotype 

28 t-ANLL 46, XX(22%)/45 XX, — 5, — 7, + der 
(5){5:7Hq12:p 11) (56% )/45.XX, 
same, delli2}(p11p13) (11%) 
45,XX, — 5, —7, + der{S),t417:7) 
(q25:7)(1 1%) 

19 AMolL 46 .XX(27%}/ 
46,%t(%: 10K 1 1:91 170%) 
SCA:46,X,t(X%: 10),t0475?}a2?2:7H3%) 

13 AMoL 46, XY(53%)/ 
46, XY {9,1 1Hp22:q23H47%} 

35 AMMoL 46,XX{5%}/46,XX,t 


(9,11; 18Kp22:923:q1 295%) 





pa siaener, 


Abbreviations: VDS, vindesine; VP 16, etoposide; DDP, cisplatin; t-ANLL, therapy-related acute noniymphocytic leukemia; AMoL, acute monoblastic 
leukemia: AMMolL, acute myelomonocytic leukemia; SCA, single cell abnormality. 


*First year only. 
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folinic acid) was administered weekly. In January 1984, her WBC 
count was noted to be 64,000/aL, mostly monoblasts. The bone 
marrow was hypercellular with ~80% monoblasts and promono- 
cytes, consistent with AMoL. Cytochemical staining supported the 
monocytic origin of the leukemic cells, as the alpha naphthyl esterase 
reaction was strongly positive in 89% of the marrow blasts and was 
completely inhibited by sodium fluoride. Cytogenetic analysis dem- 
onstrated a reciprocal translocation of the short arms of chromosome 
10 and the X chromosome (Table 2). Treatment was begun with 
low-dose subcutaneous cytosine arabinoside (10 mg/m’ twice daily), 
but the patient died ten days later of acute renal failure. 


Patient No. 3 


A 59-year-old man presented in February 1984 with a left pleural 
effusion. Thoracentesis and pleural biopsy were both positive for 
adenocarcinoma. Radiotherapy to the left hemithorax (30 Gy in 15 
fractions) was administered in March 1984. He began receiving 
VEP therapy in April 1984, which was complicated by acute renal 
failure. In May 1984, therapy was restarted using only etoposide and 
vindesine. He continued without evidence of disease progression 
until January 1985 when a complete spinal cord compression (at 
T-8) was diagnosed. A laminectectomy was performed, followed by 
an additional 20 Gy (10 fra:cions) to the thoracic spine. In April 
1985, the patient complained of severe fatigue, and a complete blood 
count revealed a hematocrit of 21%, WBC count of 1,100/uL, and a 
platelet count of 218,000/uL. A bone marrow biopsy demonstrated 
total replacement of the marrow by malignant cells, initially felt to 
be metastatic adenocarcinoma, but later confirmed as poorly- 
differentiated AMoL. Cytogenetic analysis demonstrated a recipro- 
cal translocation involving the short arm of chromosome 9 and the 
long arm of chromosome 11 (Table 2). The patient was treated with 
cyclophosphamide 1,000 mg/m? and doxorubicin 40 mg/m? 
monthly for four cycles, and had no residual leukemia in September 
1985. A follow-up bone marrow exam 2 months later also showed no 
evidence of leukemia, but the patient died of progressive carcinoma 
in January 1986. 


Patient No. 4 


A 70-year-old woman presented in August 1983 with a right lung 
mass. Needle aspiration of the mass was positive for adenocarcino- 
ma. Chest computed tomography (CT) scan demonstrated bilateral 
hilar and mediastinal adenopathy, a right middle lobe mass, and an 
enlarged left adrenal gland. In October 1983 she was begun on 
etoposide and cisplatin but received only one dose of cisplatin 
secondary to deteriorating renal function. She continued to receive 
etoposide until August 1985, at which time disease progression was 
noted. In September 1986, her blood counts were hemoglobin 7.5 
gm/dL, WBC count 1!,900/uL and platelets 58,000/uL. The bone 
marrow was hypercellular with 50% blasts. Cytochemical staining of 
the marrow showed that 41% of the blasts were positive for alpha 
naphthyl esterase and 27% were positive for alpha naphthyl butyrate 
esterase, consistent with acute myelomonocytic leukemia. Cytoge- 
netic analysis demonstrated a complex reciprocal translocation 
involving the short arm of chromosome 9, the long arm of chromo- 
some 11, and the long arm of chromosome 18 (Table 2). The patient 
refused further therapy and died | month later. 


Risk of ANLL 


The 24 patients in this study population were at risk for a 
total of 13.4 person-years (after the first year) before death, 
ANLL, or this report. This yields a rate of ANLL of 0.30 per 
person-year, with 95% confidence limits of 0.11 to 0.80. In 
comparison, the rate of death from bronchogenic carcinoma 
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during the same period was 1.42 per person-year (95% 
confidence limits are 0.91 to 2.23). The cumulative risk of 
ANLL by Kaplan-Meier analysis was 15% + 11% at 2 years 
and 44% + 24% at 2.5 years (Fig 1). 


Comparison of Leukemic and Nonleukemic Patients 


Nonparametric testing (Mann-Whitney) was used to com- 
pare the leukemic (n= 4) and nonleukemic patients 
(n = 20). There were no significant differences in the cumu- 
lative vindesine or cisplatin doses during the first year of 
observation (Table 3). However, the patients who eventually 
developed ANLL had received significantly more etoposide 
than the nonleukemic patients (Table 3, Fig 2). 


DISCUSSION 


This is the first report of ANLL following combination 
chemotherapy with cisplatin and etoposide. None of the 
leukemic patients ever received classical alkylating agents 
that have previously been associated with the development of 
t-ANLL.**"? Also, radiotherapy does not appear to be 
Causative in these cases, since only patient no. 3 received 
radiotherapy and only to a limited thoracic port, not to the 
pelvis as has previously been associated with t-ANLL.’ 

Our circumstantial data suggest that high cumulative 
doses of etoposide may be causative in the development of 
ANLL. All four leukemic patients received both cisplatin 
and etoposide, but patients no. 3 and 4 received only a single 
dose of cisplatin because of nephrotoxicity. In fact, this 
allowed these patients to receive higher doses of etoposide. 
As shown in Fig 2, there appears to be a relationship between 
the total dose of etoposide during the first year of therapy 
and the development of ANLL. Other reports have suggested 
a similar dose effect for the alkylating agents.*!?> However, 
we cannot exclude the possibility that the other known 
leukemogenic factors present in these patients (ie, smoking, 
radiation therapy, cisplatin), or even unknown factors such 
as the Tween 80 required for formulation of the etoposide, 
were contributory to the development of ANLL, especially in 
patients no. 2, 3, and 4. 

The risk of ANLL in our patient population probably 
exceeds 11% per person per year with a cumulative risk. of 
44% + 24% at 2.5 years, which is much higher than that 
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Fig 1. Cumulative risk of secondary ANLL in 119 patients (24 


1-year survivors) treated for NSCLC with cisplatin-containing 
regimens (Kaplan-Meier estimate). Vertical markings represent + 
SE. 


ANLL FOLLOWING ETOPOSIDE-CISPLATIN THERAPY 


1415 


Table 3. Comparison of Leukemic and Nonleukemic Patients 


Group n VDS 
Leukemic 4 21 (0-77)+ 
Nonleukemic 20 17 (0-77) 


Abbreviations: VDS, vindesine: VP 16, etoposide; DDP, cisplatin. 


*First year only. 


Range. 
tP < .01 (Mann-Whitney). 


calculated in previous reports of t-ANLL. For example, 
Pederson-Bjergaard et al’ estimated a risk of 1% to 1.5% per 
year after reviewing ~2,000 patients treated with alkylating 
agents for a variety of tumors. Greene et al recently assessed 
leukemogenic risk factors in women treated for ovarian 
carcinoma.’* The overall 10-year risk was 8.5% + 1.6%, with 
a cumulative risk of 19.5% + 4.9% at 10 years in women who 
received »27,000 mg of melphalan, the subset at highest 
risk. 

Although cisplatin and etoposide are often used in the 
management of germ cell tumors and small cell carcinoma of 
the lung,” there have been no reports of this combination 
being leukemogenic. This may be due either to differences in 
scheduling, or to the relatively low cumulative doses of 
etoposide received by these patients. In four 3-week cycles of 
cisplatin /etoposide as usually administered to patients with 
germ cell tumors, only 2,000 mg/m? etoposide is adminis- 
tered, using 100 mg/m’ daily doses. Similar schedules have 
been used in small cell carcinoma,” with etoposide doses of 
300 to 500 mg/m? per 3- to 4-week cycle. Thus, it is quite 
possible that the high incidence of ANLL in our patients is 
due to the unusual schedule and dose intensity of etoposide 
used in this study (Table 1). Our four leukemic patients 
received ~4,000 to 8,000 mg/m’ of etoposide in 1 year, and 
the nonleukemic patients received a median of ~3,000 mg/ 
m°? for their NSCLC, usually 300 mg/m’ per week. 

Etoposide-induced ANLL may represent a new syndrome 
that differs from classical t-ANLL.*" Although the clinical 
features of three of these patients raise the question whether 
they actually represent ANLL de novo, this is statistically 
unlikely. Patient no. | had trilineage dysplasia and the 
cytogenetic abnormalities of chromosomes 5 and 7 fre- 
quently observed in t-ANLL, but the other three patients 
had the morphologic and/or cytogenetic characteristics 
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Fig 2. Comparison of cumulative etoposide doses received by 
the leukemic and nonleukemic patients. The median cumulative 
etoposide dose (indicated by the bar) was significantly higher in 
the leukemic patients (P < .01, Mann-Whitney). The sole nonleu- 
kemic patient alive without ANLL received 2,005 mg/m’ of etopo- 
side. (VP-16, etoposide). 
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usually seen with AMoL. Moreover, patients no. 2, 3, and 4 
lacked a preleukemic phase, which was neted in 76% of the 
63 patients with t-ANLL reported by Le Beau et al.’ Finally, 
the latency period from the start of therapy to overt leukemia 
in patients no. 2 and 3 was short, ie, 13 and 19 months. This 
compares with a median of 58 months in the study of Micheis 
et al® and to a median of 56 months in the 63 patients with 
t-ANLL in our previous series.’ However, Pedersen-Bjer- 
gaard et al recently reported four patients (of six) with small 
cell carcinoma of the lung who developed ANLL after a 
latency period of <2 years.° 

As noted earlier, most patients with t-ANLL secondary to 
alkylating agents have losses of all or part of the long arm of 
chromosomes $ and 7, and these abnormalities were present 
in patient no. 1. Two of our patients, however, had chromo- 
some abnormalities characteristic of AMoL, namely translo- 
cations involving chromosomes 9 and 11, with breakpoints at 
9p22 and 11q23.% AMoL has rarely been observed as a 
therapy-related leukemia; it did not occur in any of the 26 
cases reported on by Rowley et al."’ It is of interest that we 
have also studied one other patient who developed secondary 
AMoL, but she had been treated for ovarian carcinoma with 
alkylating agents. Michels et al noted two cases of AMoL in 
their series of 65 patients with secondary leukemia.’ Two 
other patients with a secondary AMoL and a t(9;11) have 
been reported on separately by Weh et al” and Dewald et 
al. The child described in the former report received 
combination chemotherapy including teniposide, another 
epipodophyllotoxin and a topoisomerase II inhibitor,” and 
cisplatin, and AMoL was diagnosed 38 months after begin- 
ning therapy; there was no preleukemic phase. The patient 
reported on by Dewald et al” also did not have a preleukemic 
phase before presentation with AMoL 7 years after therapy. 

Weh et al proposed that acute leukemias with a specific 
translocation be considered primary, not secondary, leuke- 
mias.” This recommendation is based on their concern that 
such patients might otherwise not be treated in view of the 
generally poor response of patients with t-ANLL to therapy. 
Three of our own patients plus the other five cases noted had 
features usually associated with AMoL de novo, and these 
leukemias may have developed independent of the prior 
cytotoxic therapy received. A similar argument may be made 
for three other patients whom we have studied, each of whom 
developed acute promyelocytic leukemia with a t(15;17); two 
had received radiotherapy only, neither had a preleukemic 
phase, and the latent period was 23 and 56 months.’ How- 
ever, it is equally plausible that these specific chromosomal! 
rearrangements were induced by mutagenic treatment, and 
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that once these genetic rearrangements had occurred, the 
subsequent leukemia manifest the same clinical features 
typically seen when that particular chromosomal abnormal- 
ity occurs spontaneously. For reasons not yet clear, it seems 
likely that high doses of etoposide, and possibly teniposide,”” 
may induce genetic mutations that result in acute leukemia 
with a monoblastic phenotype. 

The mechanism for malignant transformation by etopo- 
side may differ from that of alkylating agents due to the 
different molecular pharmacology of these drugs. Alkylating 
agents are cytotoxic because of their ability to form cross- 
links with DNA.” Etoposide also interacts with DNA, by 
forming a ternary complex with topoisomerase II, which 
blocks the catenation activity of the enzyme leading to DNA 
strand breakage.’””! It has also been suggested that etoposide 
may cause DNA damage via a dehydrogenase-induced free 
radical intermediate.” In addition, it is possible that cisplatin 
may have contributed to the leukemogenesis in these 
patients, since it also acts to cross-link DNA.” 

Although etoposide has not previously been demonstrated 
to be leukemogenic in humans, the topoisomerase II inhibi- 
tors are extremely potent clastogens in vitro, producing a 
high frequency of sister chromatid exchange and other 
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chromosomal aberrations.***’ The mutagenicity of the 
closely related drug teniposide appears to be highly site- 
specific,” and thus teniposide-induced (or etoposide- 
induced) neoplasms might produce a unique clinical syn- 
drome. Oncologists must be alert to the fact that increasing 
numbers of patients are being exposed to very potent muta- 
genic chemicals in an effort to treat malignant diseases 
effectively. The careful description of untoward conse- 
quences of some of these drugs, especially when used at high 
doses, will help to minimize these consequences. Thorough 
investigation of the few patients who unfortunately develop 
leukemia will provide critical insights into the mechanisms 
associated with leukemogenesis. 
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NOTE ADDED IN PROOF 


Fenaux et al” recently reported a case of AMoL following 
combination chemotherapy for osteosarcoma, associated 
with t(9;11)(p21;q23). This case also had a short latency 
period of 11 months, but the patient did not receive either 
etoposide or cisplatin. 
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B Lymphocyte Precursors and Myeloid Progenitors Survive in Diffusion Chamber 
Cultures but B Cell Differentiation Requires Close Association 
With Stromal Cells 


By Philip C. Kierney and Kenneth Dorshkind 


The aim of this study was to investigate the relative 
contribution of direct contact with stromal cells v stromal 
cell-derived soluble mediators to the differentiation of B 
lymphocytes and cells from other hematopoietic lineages. 
This was investigated by making a comparison between 
hemopoietic cells grown in direct contact with stroma to 
those in diffusion chambers (DCs) placed over purified 
populations of stroma. The source of stromal cells was 
adherent layers from myeloid or lymphoid long-term bone 
marrow cultures that had been treated with mycophenolic 
acid, an antibiotic that depletes hemopoietic cells from the 
cultures but retains a functional stroma. The cells seeded 
into the chambers were fresh marrow cells that had been 
passed through two consecutive nylon wool columns to 
deplete cell populations capable of forming an adherent cell 
layer in vitro. DCs were placed in wells in which the 
adherent stroma, growing under myeloid or lymphoid con- 
ditions, was present. The results indicate that progenitors 
of granulocytes and macrophages survived and differen- 


HE PRIMARY production of B lymphocytes occurs in 

the bone marrow in postnatal life. B lymphopoiesis, 

as well as the development of myeloid and erythroid cells, 

proceeds in the medullary cavity in association with a 

supporting population of stromal cells that creates a hemato- 

poietic microenvironment that is apparently obligate for 

blood cell formation.** Although stromal cells are generally 

accepted to play a regulatory role in hematopoiesis, how they 

mediate their regulatory effects on developing B lineage cells 
remains incompletely understood. 

Substantial evidence from both in vivo and in vitro mor- 
phological studies shows that direct stromal cell-hemopoietic 
cell contact is important, and associations between B cells 
and stromal cell processes have been observed using immu- 
noelectronmicroscopic techniques.’ Intracellular contacts 
resembling gap junctions have been suggested to be of 
possible importance in transmitting signals from the stroma 
to blood cells*’ although this has not been formally demon- 
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tiated in DCs under myeloid culture conditions. as the 
number of cells and absolute number of CFU-GM increased 
over that present in the reseed population. These levels, 
however, were markedly less than in parallel cultures in 
which the cells were seeded directly onto stroma. Hemato- 
poiesis in DCs placed over hemopoietically active stroma 
was not optimal, suggesting that factors were used by 
those hemopoietic cells closest to the stroma. A B lympho- 
cyte precursor survived in DCs under myeloid but not 
lymphoid conditions, and its differentiation into B iympho- 
cytes was dependent on close association with stromal 
cells; B lymphopoiesis initiated when cells from DCs grown 
under myeloid conditions were harvested from the cham- 
bers and seeded directly onto stroma initiated ard main- 
tained under lymphoid bone marrow culture conditions. B 
lymphopoiesis did not initiate if the DC from the myeloid 
conditions was left intact and placed directly over a lym- 
phoid stromal cell layer in lymphoid conditions. 

@7987 by Grune & Stratton, inc. 


strated in the development of B lymphocytes. Results from 
different long-term bone marrow culture systems, in which 
long-term hematopoiesis is dependent on the formation of a 
stromal cell adherent layer,” also suggest a role for direct 
contact in B lymphopoiesis. The myeloid bone marrow 
culture system (MBMC) of Dexter and colleagues is optima! 
for the growth of myeloid precursors and their differentiation 
into mature end cells. B lymphocytes and their immediate 
precursors are not present in the cultures, but an early B cell 
precursor is present.'*'? A higher proportion of these precur- 
sors,'” as well as other progenitor populations," is present in 
association with the adherent layer as compared with the 
nonadherent populations in the cultures.'*'* Blood ceils in the 
adherent layer of the MBMC are often covered by epithelial- 
like cells,” and such close interactions may also be observed 
in the lymphoid bone marrow culture system (BMC) 
described by Whitlock and Witte. B lymphopoiesis pro- 
ceeds in those cultures but not myelopoiesis.’® The lymphoid 
cells in the LBMC can often be observed to be enveloped by 
cytoplasmic infoldings of a single stromal cell.” Hemopoiesis 
is clearly also regulated by various hemopoietic growth 
factors,'* some of which are produced by stromal cells.'*” 
Several laboratories have now isolated stromal cell lines that 
support proliferation and/or differentiation of B lineage 
cells. Some of these lines mediate their functions in part 
through secretion of soluble mediators” ”. 

Possibly only selected stages of B lymphopoiesis proceed 
under the influence of stromal cell-derived growth factors 
alone, and close stromal cell interactions may be required at 
certain points in that differentiative process. Distinguishing 
between these alternatives could be important in defining the 
signals that regulate B cell production from primitive hema- 
topoietic precursors. This issue was investigated by compar- 
ing the growth of B lineage ceils grown in direct contact with 
stromal cells to those seeded in diffusion chamber (DC) 
cultures placed over purified populations of stromal cells. 
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The results indicate that B cell precursors, as well as myeloid 
progenitors and their differentiated progeny, can survive in 
DCs but that hematopoiesis is not as optimal as when direct 
stromal cell contact is permitted. The data further indicate 
that the differentiation of the MBMC B cell precursor into B 
lymphocytes only occurs when direct stromal cell contact is 
permitted. 


MATERIALS AND METHODS 


Animals. Six- to 8-week-old male or female BALB/cAn mice 
were produced in the vivarium of the Division of Biomedical 
Sciences, University of California, Riverside, from the breeding 
stock obtained from Life Sciences Laboratories, St. Petersburg, FL. 

Preparation of cell suspensions. Mice were killed by cervical 
dislocation, and femurs were removed and placed in a-minimal 
essential medium (a- MEM; GIBCO, Grand Island, NY). Single cell 
suspensions of bone marrow were obtained by flushing the plug from 
bones with 3 mL medium. Cell viability was determined by eosin dye 
exclusion, and all cell counts were performed in a hemocytometer. 

Generation of stromal cell cultures and stromal cell lines. Stro- 
mal cell cultures were generated by establishing long-term bone 
marrow cultures under myeloid or lymphoid conditions and subse- 
quently treating these with the antibiotic mycophenolic acid, MPA, 
GIBCO). As previously described in detail, this procedure results in 
the depletion of hemopoietic cells while retaining a viable, functional 
adherent layer of stromal cells.” Purified stromal cells initiated 
under myeloid conditions were established by plating 4 mL of a bone 
marrow cell suspension at 10° cells/mL in a- MEM supplemented 
with 20% horse serum (GIBCO) and 10°° mol/L hydrocortisone 
succinate (Upjohn, Kalamazoo, MI) in each 9.5-cm’ well of a 
six-well plate (Costar, Cambridge, MA). Cultures were placed in a 
33°C incubator and wrapped in Saran Wrap to prevent drying of 
cultures. Cultures were fed after 1 week, and by 2 weeks a confluent, 
adherent layer of cells had been established. At that time, all culture 
medium was removed from the wells and replaced with the above 
medium additionally supplemented with 5 ug/ml. MPA. Three days 
later, all the MPA-containing medium was replaced by fresh 
medium and, following a 3-day incubation, the cycle was repeated. 
Purified stromal cells initiated under lymphoid conditions were 
similarly established as above except that the medium consisted of 
RPMI 1640 supplemented with 5% fetal calf serum (FCS) 
(GIBCO), and 5 x 1075 mol/L 2-mercaptoethanol (2-ME), and all 
incubations were carried out in a 5% CO, and air incubator at 37°C. 
Cultures were fed once a week in their respective medium. 

The preparation of stromal cell lines and their characteristics has 
been described in detail.” One of these, $17, was isolated from a 
myeloid bone marrow culture adherent layer and has the capacity to 
support B cell precursors and their differentiation into surface IgM 
expressing B lymphocytes. This line was grown to confluency in 
10-cm? dishes and a-MEM plus 15% FCS. Cells from these dishes 
were harvested by trypsinization and subcultured in each 9.5-cm’ 
well of a six-well plate (Costar). 

Separation of cells on nylon wool columns. Cells from fresh 
bone marrow were passed through nylon wool columns prepared 
according to the method of Julius et al. As previously demon- 
strated, this procedure depletes stromal cells capable of forming an 
adherent layer in vitro but retains hemopoietic precursors.” A 
maximum of 5 x 10’ fresh bone marrow cells in a 2-mL vol was 
loaded onto a column packed in a 12-cc syringe and washed into the 
nylon wool with 1 mL 37°C medium. The nonadherent ceils were 
eluted from the column by washing with 20 mL of the above 
medium. The eluted cells were then passed through a second column 
as described above. Cells were incubated 45 minutes on each column. 
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Approximately 7% of the initial cell input remained following 
passage through the second nylon wool column. To confirm the 
efficacy of the separation procedure, aliquots of 5 x 10° of cells 
passed twice through nylon wool were cultured alone in tissue culture 
wells and observed throughout the course of the experiment for 
growth of stromal or hematopoietic populations. 

DC cultures. DCs were seeded with bone marrow cells that had 
been passed through nylon wool and placed in the wells of the cluster 
dishes. The chambers, suspended in each well, consisted of a low 
protein binding, non-tissue culture-treated nucleopore membrane 
with 0.4 » pore size (Costar). The distance between the bottom of the 
DC membrane and the bottom of the tissue culture well is | mum, 
thus minimizing the chance that stromal cell processes could have 
made contact with cells in the DC through peres in the DC 
membrane. Cells (10° and passed twice through nylon wool) were 
seeded into the chambers, which were then placed in the tissue 
culture wells with preestablished stromal layers. The cultures con- 
tained a total volume of 4.1 mL, with 1.5 mL contained within the 
DC and an additional 2.6 mL in the well below. Cultures were fed by 
first removing 0.75 mL from the chamber. This chamber was then 
removed from the well with sterile forceps, and one-half the volume 
was removed from the underlying well and replaced with fresh 
medium. The DC was then placed back in the well, and 6.75 mL. of 
additional fresh medium was added to it. 

Cultures under MBMC conditions were maintained at 33°C in 
a-MEM supplemented with 20% horse serum (GIBCO) and 107° 
mol/L hydrocortisone succinate (Upjohn). The cluster dishes were 
wrapped in Saran Wrap to prevent dessication because the 33°C 4% 
CO, and air incubator was not humidified. Cultures under lymphoid 
conditions were maintained at 37°C in a humidified 5% CO, and air 
incubator in RPMI 1640 supplemented with 5% FCS (GIBCO) and 
5 x 107° mol/L 2-ME. 

Transfer of cultures from myeloid to lymphoid conditions. Im 
some experiments, cultures were transferred from myeloid to lym- 
phoid growth conditions. For those cells grown in DCs under myeloid 
conditions, cells were harvested, washed once, and placed in a new 
diffusion chamber in 1.5 mL RPMI 1640, 5% FCS, and 5 x 10°° 
mol/L 2-ME. This was then transferred to the 9.5-cm’ well in which 
stroma grown under lymphoid conditions was present, containing 2.6 
mL of the above medium at 37°C. Alternatively, aliquots of cells 
from the DCs were seeded directly onto stroma in LBMC conditions. 
Those myeloid cultures in which nylon-wool-passed cells had been 
seeded directly onto stroma were transferred by pooling the nonad- 
herent cells with the loosely adherent ones obtained by vigorously 
washing the wells by repeated pipetting. After one wash, these cells 
were then reseeded onto adherent stromal cell layers established 
under lymphoid conditions. 

Antibody labeling of cells and fluorescence microscopy. Sur- 
face IgM-bearing cells were identified with an affinity-purified, 
fluorescein-conjugated, goat anti-mouse IgM antibody (Southern 
Biotechnology, Birmingham, AL). This reagent was diluted 1:5 in 
a-MEM supplemented with 5% FCS and 1 mg/ml sodium azide. 
Aliquots of | to 2 x 10° cells harvested from cultures or fresh bone 
marrow were suspended in 100 ul diluted antiserum and incubated 
for 45 minutes on ice. Cells were then washed twice at 4°C in 
a-MEM without serum and resuspended in 0.2 mL a-MEM. To this 
was added an equivalent volume of 2% paraformaldehyde in phos- 
phate-buffered saline (PBS). Cells were stored at 4°C until ceil 
counts were performed on wet-mount preparations using a Leitz 
Laborlux microscope equipped for epifluorescence. At least 300 cells 
were counted per sample. Those celis that expressed the 14.8 surface 
antigen were identified by incubating | to 2 x 10° cells with 100 at 
rat anti-mouse hybridoma supernatant (American-type culture col- 
lection, Rockville, MD) for 30 minutes at 4°C. Following two 
washes, cells were resuspended in 50 uL 1:5 dilution of an affinity- 
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purified goat anti-rat Ig (Southern Biotechnology). No cells tn fresh 
marrow or cultures stained with this reagent alone. After a 30- 
minute incubation at 4°C, cells were washed twice as above and 
resuspended in paraformaldehyde. Fresh bone marrow controls were 
included in all experiments and, on the average, 9% of cells in fresh 
marrow were surface IgM positive and 20% expressed the 14.8 
antigen. 

Myeloid colony assay. Myeloid progenitor cells capable of 
forming colonies in semisolid medium were assayed by culturing 5 x 
10* cells in 35-mm plastic Petri dishes containing | mL methylcellu- 
lose medium.”’ The latter contained 0.8% methylcellulose, 30% FCS, 
5 x 10°* M 2-ME (Sigma, St Louis), and 10% medium conditioned 
by WEHI-3B (D>) cells. This was prepared by culturing WEHI 
cells at 10° cells/mL in 40 mL a-MEM supplemented with 1% FCS. 
Following a 24-hour incubation, supernatants were collected, centri- 
fuged, and stored at 4°C until used. Colonies were enumerated on 
day 8. 


RESULTS 


Hemopoietic cell survival in diffusion chamber under 
MBMC conditions. To determine how the growth of cells 
in diffusion chambers under MBMC conditions compared 
with that usually observed in primary MBMC, 10° bone 
marrow cells passed twice through nylon wool were seeded in 
DCs placed over purified stromal cell layers. The nylon wool 
passage depleted stromal cells that could potentially form a 
microenvironment within the DC, thus ensuring that survival 
of hemopoietic populations would be dependent on stromal 
cells in the underlying well. The source of this stroma was a 
primary MBMC that has been treated with MPA to deplete 
hematopoietic cells. This growth was compared with that in 
DCs placed over hemopoietically active stroma or following 
direct seeding of the nylon-wool-passed cells on purified 
stromal cell layers. The data in Table | show the results of 
three such experiments in which triplicate wells were evalu- 
ated for each condition. 

Hematopoietic cells were consistently recovered following 
seeding in DCs placed over stromal cell layers obtained by 
MPA treatment. Three weeks following initiation of the 
cultures, the number of hematopoietic cells recovered from 
the chambers had increased three- to sevenfold over the 
number initially seeded. Morphological examination of these 
populations showed them to be primarily neutrophilic granu- 
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locytes and macrophages, a finding consistent with the fact 
that 70% to 90% of the cells expressed the MAC-1 surface 
antigen (data not shown). The data also indicate that progen- 
itors of granulocytes and macrophages survived under DC 
conditions for the 3-week observation period as the absolute 
number of CFU-GM had increased up to fivefold over the 
number in the initial seed population. In no case was the 
absolute number of CFU-GM present 3 weeks postinitiation 
less than that present in the reseed population. 

A second aliquot of the same nylon-wool-passed bone 
marrow cells was seeded directly onto MPA-derived stromal 
cell layers. As shown in the middle column of Table 1, a 
higher level of hematopoiesis was observed in these cultures, 
as the numbers of cells recovered had increased up to 33 
times the initial number seeded. This was generally reflected 
in the number of CFU-GM present; in experiment 2, the 
numbers of these progenitors had increased to 91 times the 
numbers in the reseed population. 

A third aliquot of the above cells was seeded into DCs 
placed over hematopoietically active stroma. These cultures 
were established by simultaneously seeding 10° of the nylon- 
wool-passed bone marrow cells into DCs and directly onto 
the MPA stromal cell layers over which the chambers were 
placed. The use of reseeded, MPA-treated stroma in this 
third condition ensured that the stromal cells in all experi- 
ments were manipulated in a comparable manner. The 
number of hematopoietic cells recovered from these DCs 3 
weeks postseeding had decreased twofold in one experiment 
and had doubled in the other two. These conditions were not 
optimal, however, since the numbers of CFU-GM present 
were always less than in the initial nylon-wool-passed reseed 
population. 

In all experiments, aliquots of nylon-wool-passed cells 
were seeded directly into empty wells. No adherent layer 
formed under these conditions, and hematopoietic cells did 
not survive past | week. Neither did hematopoiesis initiate in 
DCs placed into wells in which no adherent stromal layer was 
present. Before they were used, MPA-treated stromal cell 
cultures were observed for 2 weeks following the last drug 
treatment to ensure that hematopoiesis did not initiate from 
drug-resistant precursors. 


Survival of B cell precursors in DCs. An early B cell 


Table 1. Survival of Hemopoietic Cells in DCs 
i ae a al A a a a ee en an ease ae 


Growth Conditions of Nylon-Wool-Passed Bone Marrow 





Parameter 3 weeks DC 
Postinitiation Experiment Over MPA Stroma 
Cell No. 1 0.3 x 10° + 0.3 (13) 
(relative change 2 0.5 x 10° + 0.3 (15) 
over 10° seeded) 3 0.7 x 10° + 0.2 (17) 
1 210 + 165 
CFU-GM/10° 2 32+9 
3 39 +8 
Absolute no. 1 630 (15) 
CFU-GM 2 160 (72) 
(relative change 3 273 (4) 


over number seeded) 


Direct Seed on 
MPA Stroma 


2.4 x 10° + 0.8 (124) 


3.1 x 108+ 1.7 (131) 
3.3 x 10° + 2.6 (133) 


DC Over 
Hermopoietic Stroma 
0.04 x 10° + 0.05 ({2) 
0.18 x 10° + 0.05 (12) 
0.20 x 10° + 0.1 (12) 


148 + 15 0 
244 + 59 18 +6 
2347 12 +8 
3,552 (128) 0 (125) 
7,564 (191) 32 (12) 
759 (13) 24 (| 12) 


Eee er ck i Me teat SLR PE ROTO S ERR TO SO Rees EE eer PR TE Oe ae ce E E 
Nylon-wool-passed bone marrow (10°) seeded into DCs placed over MPA-purified stroma, directly onto MPA stroma, or in DC over stroma on which 
10° hematopoietic cells had been seeded in parallel. Number of CFU-GM/10° in reseed population in experiments 1, 2, and 3 were 125, 83 and 230, 


respectively. Each experiment represents triplicate cultures per condition. Numbers indicate mean + SD. 
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precursor, but not pre-B or mature B cells, is present under 
MBMC conditions in which direct contact with the stroma is 
permitted,'”'? and these cells can be induced to differentiate 
into mature B cells following transfer to LBMC condi- 
tions.”*”? This is demonstrated by the data in Table 2 in 
which nylon-wool-passed cells were seeded onto stromal cell 
layers under MBMC conditions (condition 1, Table 2); 3 
weeks later, the cells were harvested and replated on LBMC 
stroma under LBMC conditions. As shown in Table 2, cells 
that expressed surface IgM were induced by 4 weeks later. 

To determine whether the MBMC B cell precursor also 
survived in DCs under MBMC conditions for 3 weeks, cells 
from cultures were either transferred to a new DC that was 
placed over a stromal cell adherent layer established by 
treating a primary LBMC with MPA (condition 2, Table 2) 
or harvested from the DCs in MBMC conditions and plated 
directly onto LBMC stroma (condition 3, Table 2). These 
cultures were then maintained at 37°C in LBMC medium. 
Less than 5 x 10° cells were recovered from DCs after 4 
weeks in LBMC conditions, and no IgM-expressing cells 
were included among this population. This was consistent 
with morphological observations that demonstrated these 
cells to be granulocytes and macrophages. It is not clear why 
these myeloid cells survived under the LBMC conditions, but 
very low levels of colony-stimulating factors sufficient to 
allow this could have been secreted by the stromal cells under 
lymphoid conditions. A markedly different profile was 
observed in cultures in which cells had been seeded directly 
on stroma (condition 3). Up to 2 x 10° cells were recovered 
from these cultures, and up to 10% expressed surface IgM. 
Morphological examination demonstrated virtually all these 
cells to be lymphoid. These data indicate that a B cell 
precursor can survive in DCs under MBMC conditions but 
requires a close association with stromal cells to differentiate 
into surface IgM-positive B cells. 

The adherent layers in LBMC conditions onto which DC 
cells were seeded were MPA-treated LBMC stroma. This 
left open the possibility that the sIlgM-positive B cells 
detected could have arisen from MPA-resistant precursors 
present in the adherent layer. To ensure that the B cells were 
indeed derived from the DC cells, replicate experiments were 
performed in which 10° nylon-wool-passed cells were seeded 
into DCs over MPA-treated stroma under MBMC condi- 
tions. Following a 3-week incubation period, cells were 
harvested from the chambers and plated onto a confluent 
layer of S17, a stromal cell line shown to support B cell 
differentiation,” under LBMC conditions. Three separate 
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experiments were performed, and the mean number of cells 
(+ SD) recovered following 4 weeks in LBMC conditions 
was 2.1 + 0.6 x 10°. Phenotypic analysis demonstrated that 
48% + 3.6% of these expressed the 14.8 antigen and 12.4 + 
7.3% were surface IgM positive. These data confirm that a B 
cell precursor is present in DCs and can differentiate into B 
cells when provided with the proper conditions. 

Adherent populations of functional stroma do not estab- 
lishin DCs. The conclusion that a B cell precursor survives 
under DC conditions is dependent on confirming that the 
nylon-wool-passed cells are not in contact with an adherent 
layer of functional stromal cells. That the nylon-wool-passed 
cells cultured alone do not form adherent layers and that the 
DC membranes are designed to prevent cell adherence 
suggest that this is the case. Nevertheless we considered it 
critical to examine the DC membrane to exclude the possibil- 
ity that a functional adherent layer had established under the 
influence of soluble mediators produced by the stromal cells 
in the lower chamber. 

Following 3 weeks of growth under MBMC conditions, 
nonadherent cells were removed from the DC growing over 
MPA-treated stroma in MBMC conditions. The membranes 
were gently washed and stained with Wright’s stain. Exam 
nation of the membranes at 100x under a dissecting micro- 
scope indicated that a few foci of cells adherent to the 
membrane were observed in one-half of the experiments. 
These appeared to be macrophages, as they presented with a 
central nucleus and abundant cytoplasm. In view of this 
result, however, experiments were designed to establish 
whether populations of cells that could support hematopoie- 
sis did indeed establish on these DC membranes. This was 
tested by placing the DC, seeded with 10° nylon-wool-passed 
cells, over a well in which MPA-derived stroma was growing 
under MBMC conditions. After 3 weeks, the nonadherent 
cells were removed from the chambers and the membranes 
were gently washed, The DCs were then placed over a well 
containing medium only in MBMC conditions and reseeded 
with 10° nylon-wool-passed cells. If a functional stromal 
layer had established in the DC, hematopoiesis would have 
been expected to initiate. Cultures were fed weekly and then 
examined for cell growth at 3 weeks postseeding, but no cells 
were recovered at that time. This experiment indicates that 
functional adherent layers do not establish in DCs under the 
experimental conditions used and suggests that the B cell 
precursor and CFU-GM that survive in DCs do so under the 
influence of soluble mediators secreted by stromal cells in the 
underlying well. 


Table 2. Survival of B Coll Precursors in DC 











Growth Under 
MBMC Following LBMC Cell No. After igM 
Conditions _ Conditions 4 Weeks in LEME Positive 
Condition (3 weeks} Switch to {4 weeks) Conditions (%} 
1 Stroma — Stroma 1x 10° + 0.1 6.445 
2 pc ses DC 0.3 x 10° + 0.15 0 
3 DC at Stroma 1.4 x 10° + 0.7 110.7 








arrinin naneyi et hain 


After 3 weeks under MBMC conditions (a-MEM, 20% horse serum, 107° mol/L steroids, 33°C), either on stroma directly or in DCs over MPA stroma 
layers, cultures switch to LBMC conditions (RPMI 1640, 5% FCS, 5 x 107° mol/L 2-ME, 37°C). Cells were left in contact with stroma, kept in DC, or 
removed from DC and placed directly on LBMC stroma. All data are based on two separate experiments in which three wells per condition were 
evaluated. 
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LBMC stromal cells do not support B cell precursors tion of soluble mediators from the underlying stroma; no cells 
under DC conditions. The above experiments suggest that survived in DCs placed in wells in which no stroma was 
MBMC stromal cells produce soluble mediators that allow present, and analysis of the DC membrane indicated that 
survival of B cell precursors in DC. Whether LBMC stromal functional stroma had not established. A few adherent foci 
cells can also support this precursor was tested by seeding 10° were observed, but these cells did not support hematopoiesis. 
marrow cells passed twice through nylon wool into DCs Their identity has not been established, but they resemble 
placed over LBMC stromal cells in lymphoid conditions or macrophages morphologically. 
directly onto the stroma. The data in Table 3 indicate that a Myeloid progenitors also survive upon implantation of DC 
close association with stromal cells is required for cell in vivo into the peritoneal cavity of mice,” further substan- 
survival under LBMC conditions. Following 4 weeks of tiating the role of soluble mediators in the maintenance of 
culture, B lymphopoiesis had not initiated and no hemato- selected hematopoietic populations. The factor-dependent 
poietic cells were recovered from the DCs. Cells that survival of various long-term hematopoietic lines also sub- 
expressed the 14.8 antigen and surface IgM were consis- stantiates this view. Greenberger and colleagues described a 
tently recovered from parallel cultures in which the nylon- permanent progenitor line that was dependent on factor(s) 


wool-passed cells had been directly seeded onto the stromal present in WEHI-3—conditioned medium. This line was 
cell layer. These data establish that the initiation of B multipotent as it could generate neutrophils, basophils, mast 


lymphopoiesis in LBMC requires a close association with the cells, and erythroid cells.” Growth of factor-dependent cell 
stroma and suggest that under LBMC conditions LBMC lines was also reported by Dexter et al.” and Nagao et al.” 
stromal cells do not secrete a soluble mediator that can Seemingly contradictory results from studies of long-term 
support the B cell precursor under DC conditions. cultures from hamster marrow indicated that neither an 
adherent layer nor an exogenous factor addition was required 
DISCUSSION for progenitor cell survival in vitro. As noted by those 
The experiments reported herein used an in vitro DC investigators, however, cell survival in that system may have 
culture system to evaluate the relative contribution of direct been due to greater sensitivity to factors present in the serum 
contact with stromal cells v the soluble mediators produced used or the production of mediators by endogenous cell 
by them in the differentiation of B lymphocytes and other populations.” 
myeloid populations. The findings clearly indicate that, at Additional indirect evidence for the dependence of cells in 
least for the 3-week period of observation, hematopoiesis can DCs on soluble mediators was obtained in experiments in 


proceed in DCs under MBMC conditions. Progenitors of which hematopoietic cells were simultaneously seeded into 
granulocytes and macrophages were detected, and their DCs and onto the underlying stroma. Very few hemopoietic 
numbers had increased over those present in the reseed cells were recovered from DCs under those conditions, and 
population. This could indicate that self-renewal of these progenitor cell numbers had declined markedly. That hema- 
progenitors had occurred or that they were derived from an topoiesis had established in association with the adherent 
earlier cell through differentiation and amplification. The layer suggests that those hematopoietic cells closest to the 
presence of morphologically identifiable granulocytes and stroma had used the factors produced by it, leaving only low 
macrophages in the chambers also suggests that differentia- amounts available to the cells in DCs. This may indicate that 
tion of CFU-GM had occurred as well. A B lymphocyte localized hematopoietic microenvironments exist in vivo and 
precursor was detected in the DCs, but no conclusion can be that mediators produced by the stromal cells were used by 
drawn as to whether it is part of a stem cell pool or a the hematopoietic cells closest to them. Thus. although 
restricted progenitor cell population. We must assume that some mediators could potentially diffuse longer distances, 
the survival of these cell types was dependent on the produc- they indeed may function as short-range molecules. This 


Table 3. B Lymphopoiesis in Primary LBMC Requires Stromal Cell Contact 





Growth Conditions of Nylon-Wool-Passed Bone Marrow 





ehh eee a naea 


Parameter 4 Weeks pc Direct Seed on MPA 








Postinitiation Experiment Over MPA LBMC Stroma Experiment LBMC Stroma 
Cell No. 1 0 1 4.1 x 108+ 0.5 (711) 
(relative change 
over 10° seeded) 2 O 2 4x 10°+0.2 (74) 
% 14.8 1 o 1 5 (15) 
(relative change 
in absolute no.) 2 0 2 36 (122) 
% IgM 1 0 1 1 (711) 
(relative change 
in absolute no.) 2 o 2 19.1 (176) 


Nylon-wool-passed bone marrow (10°) seeded into DCs placed over MPA-purified LBMC stroma or directly onto MPA-purified LBMC stroma under 
LBMC conditions. Assays were performed 4 weeks postseeding. Numbers indicate mean + SD. Percentage of 14.84 cells in experiments 1 and 2 in the 
NW reseed population were 10 and 6.5, respectively. Percentage of sigM* cells in reseed population in experiments 1 and 2 in the NW reseed population 
were 1 and O, respectively. Data expressed as mean + SD. Each weil (three per condition) counted individually, but cells were pooled for cell surface 
staining. 
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could further explain why it is difficult to detect factors in 
supernatant medium from ongoing long-term bone marrow 
cultures,'' since all that is produced is bound by the hemato- 
poietic populations in the cultures. 

Although hematopoiesis did proceed in DCs under 
MBMC conditions, blood cell differentiation is not neces- 
sarily independent of close stromal cell associations. Indeed, 
the results we present argue that such associations are 
required, since the number of cells and progenitors was 
always greater in parallel cultures in which cells were seeded 
onto stroma. The inability of the DC B cell precursor to 
differentiate into B lymphocytes in DC under LBMC condi- 
tions further supports this position. These associations could 
be mediated by direct contact between hematopoietic and 
stromal cells. Alternatively, developing blood cells may 
require interactions with growth factors presented within the 
context of the hematopoietic microenvironment,” such as by 
their attachment to components of the extracellular matrix.” 
Thus, DCs may permit short-term, low-level hematopoiesis 
in the absence of optimal conditions. Nevertheless, the DC 
approach is useful for demonstrating the influence of factors 
on particular lineages and maturational states. 
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The demonstration of a B cell precursor in DCs makes this 
point particularly evident. A B cell precursor was present in 
DCs in MBMC medium 3 weeks postseeding. That mature B 
and pre-B cells are not present under these conditions!’ 
suggests that a factor that acts on B cell precursors exists. 
Whether this putative mediator promotes survival of these 
populations or their self-renewal cannot be determined from 
these experiments. How it might relate to the pre-B cell 
differentiation factor secreted by stromal cell line S17 is also 
unknown. The latter agent potentiates the expression of the 
14.8 antigen and cytoplasmic u heavy chains in bone marrow 
B cell progenitors in a 24-hour short-term assay.” Different 
mediators, whose actions affect distinct B lineage target 
cells, may exist. Ultimately, identification of the factor that 
maintains B cell precursors in DC will be dependent on 
replacing the underlying stroma with a conditioned medium 
that can be characterized. 
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Clonogenic Hemopoietic Precursors in Bone Marrow Transplantation 


By H.A. Messner, J.E. Curtis, M.D. Minden, D. Tritchler, G. Lockwood, T. Takahashi, J. Lepine, 
N. Jamal, M. Tweeddale, and U. Wandi 


Muilitilineage and single-lineage hemopoietic precursors 
were studied in 102 bone marrow transplant recipients and 
their respective donors to determine their contribution to 
clinical outcome as measured by time to engraftment and 
survival. The patient population was heterogenous with 
respect to diagnosis and disease status. They included 
individuals with acute myeloid leukemia (AML), chronic 
myeloid leukemia (CML), acute lymphoblastic leukemia 
(ALL), aplastic anemia, and a few other hematopoietic 
malignancies. The frequency of various clonogenic precur- 
sors in the normal donor population varied considerably. 
The data yielded a symmetrical distribution. In contrast, 
most bone marrow transplant recipients presented with 
significantly reduced numbers of clonogenic celis before 
transplantation, resulting in skewed distribution profiles. 
Serial studies of recipients demonstrated a significantly 
lower than normal level of clonogenic precursors even 3 
and 4 years after transplantation. The median values and 
distribution profiles approximated those observed before 
transplantation but did not return to measurements 
obtained for normal donors. Patients with ALL deviated 
from this pattern. The median values and distribution 
profiles of clonogenic precursors before transplantation 
approximated the pattern of normal donors. The frequency 
of clonogenic progenitors after transplantation, however, 


LINICAL BONE MARROW transplantation (BMT) 
has developed into a treatment modality with curative 
potential for patients with hematopoietic malignancies and 
other bone marrow deficiency disorders. Most long-term 
disease-free survivors are able to maintain production of 
peripheral blood cells in normal quantity. Despite this abili- 
ty, the frequency of early hemopoietic precursors may not 
return to normal. This was suggested by studies reporting a 
low frequency of granulocyte-macrophage and erythroid 
progenitors in recipients after transplantation.’ 

The objective of this study was to monitor pluripotent 
precursors (CFU-GEMM) and progenitors committed to 
erythropoiesis (BFU-E), megakaryocytopoiesis (CFU-M), 
and granulocyte-macrophage production (CFU-C) in BMT 
recipients before and serially after transplantation as well as 
to assess their cell cycle status. In addition, the concentration 
of clonogenic cells was determined in each transplant inocu- 
lum. By univariate and multivariate approaches, the culture 
data were analyzed in conjunction with clinical parameters 
to determine their contribution to the outcome of the patients 
as measured by time to engraftment and survival time. 


MATERIALS AND METHODS 


Patients 


One hundred two consecutive patients undergoing allogenic BMT 
at the Ontario Cancer Institute between March 1980 and January 
1984 and their respective HLA-identical donors gave informed 
consent to be entered into the study (Table 1). The preparative 
regimens were described previously in detail? In brief, patients with 
acute myeloid leukemia (AML) and chronic myeloid leukemia 
(CML) were prepared with a continuous infusion of cytosine arabi- 
noside at a dose of 100 mg/m’*/day for 5 days, followed by 
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remained significantly lower than that of their respective 
donor or pretransplant values. Cell cycle studies performed 
after normalization of peripheral blood hematopoietic 
parameters demonstrated for most recipients that a higher 
than normal proportion of multipotent cells was in S-phase 
(P = .011). By univariate and multivariate approaches, 
clonogenic precursors and clinical parameters were 
assessed for their contributions to clinical outcome as 
measured by time to engraftment and survival time. The 
number of nucleated cells in the transplant inoculum com- 
tributed to survival independent of other risk factors. 
Patients with a higher cell load had a higher probability of 
surviving than did patients with a lower cell concentration 
in the transplant inoculum (P = .042). The frequency of 
clonogenic precursors in the transplant inoculum altered 
neither survival nor time to engraftment. The time to 
engraftment was significantly influenced by the frequency 
of clonogenic megakaryocyte precursors (CFU-M) ob- 
served in recipients prior to transplantation {F = .003). 
Patients with high values engrafted faster than did patients 
with a low frequency of CFU-M. This was independent of 
both diagnosis and disease status of the patients at time of 
transplantation. 

© 1987 by Grune & Stratton, inc. 


cyclophosphamide at 60 mg/kg/day for 2 days and total body 
irradiation (TBI) at a mid-plane dose of 500 cGy delivered at 50 to 
85 cGy/min by a single cobalt source.* Patients with acute lympho- 
blastic leukemia (ALL) received 2 mg Vincristine intravenously 
(IV), 200 mg of predisone/day for 5 days, 30,000 U L-Asparaginase 
per day for 5 days, cyclophosphamide 60 mg/kg/day for 2 days, and 
a single fraction of TBI at 500 cGy. Patients with aplastic anemia 
were treated with cyclophosphamide at 50 mg/kg/day for 4 days 
followed by a single dose of 300 cGy TBE Attempts were made to 
transplant at least 3 x 10°/kg nucleated cells of the recipient's body 
weight. 

Two different consecutive regimens for graft-v-host disease 
(GVHD) prophylax's were used. The first 34 patients were treated 
with the standard methotrexate regimen until day 100.° The follow- 
ing 68 patients received Methotrexate on days 1, 3, 6 and 1} and 
prednisone at a daily dose of 40 mg/ m? starting on day 10. This dose 
was sustained until day 40 and subsequently tapered. Sixty-six 
patients transplanted from March 1980 to December 1982 who 
developed acute GvHD of grades H through IV were treated with 





rpm cht Bannan pana aaraa ii HOA 





From the Ontario Cancer Institute, Institute of Medical Science, 
University af Toronto. 

Submitted May 27, 1986; accepted June 30, 1987. 

Supported by Medical Research Council; MDM is a scholar of 
the Leukemia Society of America; MT was the recipient of a Terry 
Fox Fellowship. 

Address reprint requests to H.A. Messner, MD, Ontario Cancer 
Institute, 500 Sherbourne St, Toronto, Ontario, Canada M4X 1K9. 

The publication costs of this article were defrayed in part by page 
charge payment. This article must therefore be hereby marked 
“advertisement” in accordance with 18 U.S.C. $1734 solely to 
indicate this fact. 

© 1987 by Grune & Stratton, Inc. 

0006-497 | /87/7005-001633.00/0 


1425 


1426 


Table 1. Patient Attributes 





Median Age Median * 
Age Range n n Follow-up 
Diagnosis Status n {yr} tyr) Surviving Relapsing (mos) 

CML CPI 14 29 17-37 7 0 36 
AP 17 34 19-45 5 1 45 
BC 5 32 19-40 0 2 22 
CP2 1 30 23-37 1 0 40 
AML 1stR 19 31 17-42 11 2 28 
> TstR 8 22 16-40 1 4 23 
ALL tstR 9 23 17-37 6 2 43 
>1IstR 10 21 18-33 4 3 47 
AA ne 14 21 15-44 8 gs 45 
Other t ae 5 30 27-39 2 2 27 





Abbreviations: CPI, first chronic phase; AP, accelerated phase; BC, 
biast crisis; CP2, second chronic phase; 1stR, patients in first remission; 
> IstR, patients in relapse or subsequent remission. 

* Graft rejection. 

tMedian follow-up of patients who are alive. 


various regimens including high-dose predisone and/or antithymo- 
cyte globulin (ATG). Thirty-six patients transplanted since 1983 
who developed acute GvHD received therapy with cyclosporine A 
(CyA). The initial dose of CyA was either 12.5 mg/kg/day orally or 
5 mg/kg/day IV delivered in two divided doses at 12-hour intervals.® 
Subsequent doses were adjusted to maintain normal creatinine 
values and CyA levels between 50 and 300 ug/L. Patients with 
chronic GVHD were treated with azathioprine and prednisone. The 
median follow-up of the entire group was 38 months, with a minimal 
follow-up of 18 months at the date of the last follow-up. 


Preparation of Cells 


Bone marrow samples were obtained from transplant recipients 
prior to their ablative therapy and serially after transplantation on 
day 14, after 1, 2, 3, 6, and 12 months, and then annually. The 
samples were aspirated into heparinized syringes. The donor speci- 
men consisted of 5 to 10 cc of bone marrow obtained as part of the 
transplant inoculum. 


Cell Culture 


Bone marrow samples were cultured as previously described” in 
Iscove’s modified Dulbecco’s medium (IDMEM, GIBCO, Grand 
Island, NY) supplemented with 0.9% methylcellulose (Dow Chemi- 
cal, Midland, MI), 5 x 10°? mol/L 2-mercaptoethanol (Sigma, St 
Louis), 5% medium conditioned by phytohemagglutinin-stimulated 
leukocytes (PHA-LCM, PHA. HA 15; Wellcome Diagnostics, 
Dartford, England), and 30% human plasma obtained from a patient 
with severe aplastic anemia. The latter contained an equivalent of 2 
to 3 U/mL erythropoietin (EPO). The culture plates were scored 
after 14 days by inverted microscopy for the presence of multilineage 
colonies, erythroid bursts, and megakaryocyte and granulocyte- 
macrophage colonies. 


Cell Cycle State Analysis 


Bone marrow samples of 17 normal BMT donors and 29 BMT 
recipients at least 6 months past engraftment were examined to 
determine the proportion of clonogenic precursors in S-phase by 
preincubation with tritiated thymidine (HTdR) as described by 
Minden et al.’ 


Statistical Methods 


Statistical analysis of counted data, such as colony numbers, was 
performed on the square-root transformation of the actual data 
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value, This transformation resulted in a more symmetrical distribu- 
tion than did the actual colony counts. It was also used when the 
prognostic value of colony counts was assessed in the Cox regression 
model described below. The Mann-Whitney test? was used for 
simple comparisons between groups. Pearson product-moment cor- 
relations” were computed on appropriately transformed data. 

The prognostic value of cell culture and clinical parameters for 
time to engraftment and survival were evaluated by univariate and 
multivariate analysis. For the purpose of this study, survival time is 
defined as the time from BMT to death or to the date of last 
follow-up. Time to complete engraftment of all three hematopoietic 
lineages is defined as the time from BMT to the time when >50,000 
platelets and reticulocytes and > 1,500/uL. neutrophilic granulocytes 
of peripheral blood were observed. Time to partial engraftment is 
defined as the time from BMT to the time when cells of at least two 
lineages were present in the above-stated frequency. Seventy-nine 
patients (77%) surpassed the stated lower limits for all three 
lineages, 95 (92%) surpassed the limits for at least two, and 100 
(97%) surpassed the limits for at least one of the hemopoietic 
lineages. The analysis of time to complete or partial engraftment 
included only the respective subsets of patients who ultimately 
fulfilled the criteria of complete or partial engraftment as defined 
above. This approach was chosen to avoid violation of the statistical 
assumption that the time to engraftment was independent of the 
censoring time for engraftment (in this case, time to death). 

The examined donor parameters included the number of 
nucleated cells and number of CFU-GEMM, BFU-E, CFU-M, and 
CFU-C in the transplant inoculum. In addition, these values were 
also expressed as cells transplanted per kilogram of the recipient's 
body weight. Each recipient was characterized by the frequency of 
these clonogenic precursors and the number of reticulocytes, plate- 
lets, and neutrophilic granulocytes prior to transplantation. In 
addition, clinical parameters of the recipient were taken into consid- 
eration. These included age, sex, weight, diagnosis, and risk as based 
on the disease status at the time of transplantation. The good-risk 
group included patients with AML and ALL in first remission, 
patients with CML in first chronic phase, and patients with aplastic 
anemia. The poor-risk group included patients with AML and ALL 
in relapse and subsequent remission, patients with CML. in acceler- 
ated phase, blast crisis, or second chronic phase and the patients with 
multiple myeloma, lymphoma, and idiopathic thrombocythemia. 
The latter subgroup of various hemopoietic disorders was included 
since these patients presented with advanced disease. Each recipient 
was also assessed for the presence of GVHD. 

The influence of each attribute was initially evaluated in a 
univariate analysis. Continuous variables were examined using the 
Cox regression method." Categorical variables were assessed using 
log-rank (Savage) statistics.'? Contributions to engraftment and 
suryival by attributes that were significant were displayed by 
Kaplan-Meier plots.” 

Multivariate analyses were performed to determine whether or 
not effects of cell culture parameters observed by univariate studies 
were sustained when tested in conjunction with clinical parameters. 
For this purpose, stratified and unstratified multipredictor Cox 
regression models'' were constructed to control for the effects of 
prognostic factors. 


RESULTS 
Clinical Data 


Details about age, diagnosis, and disease status of all 
patients at the time of transplantation are listed in Table 1. 
In addition, the number of surviving patients and the relapse 
rates are presented for each subgroup. The Kaplan-Meier 
plot of the overall survival of the whole group is shown in Fig 
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disease status at the time of transplantation. (C) Survival curves of patients transplanted with iess or more than 2.4 x 10” mononuclear 


celis. 


LA. The subgroup of 42 patients with early well-controlled 
leukemia included 19 with AML and 9 with ALL in first 
remission as well as 14 with CML in first chronic phase. 
Twenty-four (57%) are alive and free of relapse at the end of 
the study. Two patients with AML and two with ALL have 
relapsed. None of the surviving patients with CML have 
shown signs of disease recurrence, 

The 41 patients with more advanced leukemia included 8 
with AML and 10 with ALL in relapse or subsequent 
remission as well as 22 with CML who presented either in 
accelerated phase (17 patients), blast crisis (5 patients), or 
second chronic phase (1 patient). Nine patients are alive and 
have remained free of relapse (23%) (Fig 1B); ten (24%) 
have relapsed. 

The small subgroup of 5 patients with other hematopoietic 
malignancies included 2 patients with lymphoma, 2 patients 
with multiple myeloma, and | patient with idiopathic throm- 
bocythemia. One patient with lymphoma remains alive and 
disease-free; both patients with myeloma have relapsed; one 
is still alive on conservative therapy. 

Eight of the 14 patients transplanted for severe aplastic 
anemia are alive; all have normal peripheral blood values. 
Forty-four of the entire group of 102 patients are alive (Fig 
1A). The causes of death in the remaining 58 were related to 
recurrence of the original hematopoietic malignancy in 19%, 
to infections alone in 15%, and to GvHD alone in 12%. The 
majority (44%) succumbed to a combination of GVHD and 
infections. Other causes of death (8%) included poor engraft- 
ment or early rejection, severe hemorrhagic complications, 
and therapy-related central nervous system (CNS) toxicity. 
19 patients had infections associated with development of a 
fatal interstitial pneumonitis. Three additional patients 
developed clinical and histologic features of bronchiolitis 
obliterans. 


Bone Marrow Culture Studies 


Clonogenic precursors in transplant inoculum. Each 
BMT inoculum was assessed for the number of mononuclear 
cells and the frequency of clonogenic hematopoietic precur- 





*Median SE of median for 2 x 10° mononuclear celis plated. 


sors. The frequency of CFU-GEMM, BFU-E, CFU-M, and 
CFU-C per 2 x 10° mononuclear cells varied considerably 
from donor to donor. The distribution profiles for clonogenic 
cells of the donor population showed nearly symmetrical 
patterns with similar mean and median values. Median 
values are listed in Table 2. The culture data were used to 
calculate the number of clonogenic cells for each transplant 
inoculum and the number of clonogenic cells transplanted 
per kilogram of the recipient's body weight (Table 3). Again, 
a considerable patient to patient variation was observed. 


Table 2. Clonogenic Hematopoietic Precursors of the Donor and 
Recipient Population Before and After BMT 


Population nm CFU-GEMM BFU-E CFU-M CPLR 
Donors 100 12+ 1* 169+ 17 252:6 127 + 10 
Recipients PRE-BMT 

All patients 80 2+ 4 46 + 22 3+2 #2 + 12 

CML 37 te 44+ 30 O21 128 + 40 

AML 18 4+ 1 33 + 21 8+5 91+ 19 

ALL 16 82+2 1168+ 28 2325 78+ 12 

AA 12 020 O+ 1 O+0 G+] 

Other 5 6+0 186% 0 33 +06 125 + 0 
Recipients Post-8MT 

it 66 2:1 1B +4 222 37 +8 
3 42 2+ 1 38 + 12 Rs 43:8 
6 46 34+ 1 43+ 10 6% 1 4429 

12 39 3241 69 + t10 6zi 55 + 6 

24 25 4+ 1 54 + 22 6+ 4 49 +9 

36 17 441 35 + 21 323 53 + 10 

48 7 2+7 70 + 33 223 G4 + 16 
Recipients without continuing immunosuppression 

3 7 421 §1+25 42 §3 + 19 

12 9 622 53 + 36 B+ 2 62 + 25 

24 6 222 19+46 6218 47 + 15 

36 6 3:13 42+59 2213 65 + 18 
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Table 3. Frequency of Total Nucleated and Clonogenic Cells 
in the BMT inoculum 


Celi No. No. per kg of 
Populations per Inoculum Recipient's Body Weight 
Nucleated 2.4 x 10'°* 3.7 x 10° 
(1.2-4.0 x 10°} (1.8-5.9 x 10°) 
CFU-GEMM 1.9 x 10° 2.9 x 10° 
(0.3-8.5 x 10°) (0.4-14.8 x 10°) 
BFU-E 24.4 x 10° 35.2 x 10° 
(3.5-122.5 x 10°) (3.5-119.0 x 104 
CFU-M 4.7 x 10° 7.3 x 10° 
(0.7-24.5 x 10°) (1.2-42.0 x 10%) 
CFU-C 16.5 x 10° 25.9 x 10° 
(1.5-55.5 x 10°) (3.0-60.0 x 10°) 
*Mean. 
tRange. 


Clonogenic cells in bone marrow samples of recipients 
before transplantation. Bone marrow samples of BMT 
recipients were obtained before administration of the prepa- 
rative regimens and examined for their ability to form 
multi-tineage and single-lineage colonies. The distribution 
profiles for CFU-GEMM, BFU-E, CFU-M, and CFU-C 
were skewed toward lower colony frequencies. Their median 
values were significantly lower when compared with the 
respective values of the donor population (Table 2). 

The data were also analvzed separately for each disease 
group. Patients with AML, CML, and aplastic anemia 
showed low median values for CFU-GEMM, BFU-E, and 
CFU-M (range of P values .00001 to .05, Mann-Whitney). 
The median CFU-C value was only significantly lower than 
controls for patients with aplastic anemia (P = .00001, 
Mann-Whitney). In contrast, median colony values for 
patients with ALL approximated counts of the normal donor 
population (range of P values .07 to .34, Mann-Whitney). 

Clonogenic cells after transplantation. Only a few colo- 
nies were identified in bone marrow samples obtained 14 
days after transplantation. Predominance of a specific colony 
type emerging early was not observed. In particular, the 
frequency of multilineage colonies was not increased in 
preference to single-lineage colonies. Sequential follow-up 
demonstrated an increase of all hemopoietic colony types. 
Normal colony numbers were only occasionally observed, 
however, even after follow-up periods of >3 years (Table 2). 
Colony formation in BMT samples obtained from most BMT 
recipients was reduced to 20% to 40% of values determined 
for the BMT donor population. The frequency distribution 
and median values of the entire group | year after transplan- 
tation approximated the median values of the recipients 
before transplantation (range of P values .11 to .84, Mann- 
Whitney). The values remained significantly lower when 
compared with the respective donor parameters (all P val- 
ues = .00001, Mann-Whitney). The significant difference 
from donor values was confirmed when subgroups of patients 
with AML, CML, and ALL were analyzed individually 
(range of P values .0001 to .0052). The available sample size 
for patients with aplastic anemia was too small for an 
appropriate analysis. The values of clonogenic cells were 
reduced independent of continuing immunosuppressive ther- 
apy. This was demonstrated by examining the subgroup of 
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ten patients that had not received any further inymunosup- 
pressive therapy after completion of their prephylactic 
GvHD regimens. The hematopoietic parameters of this 
subgroup and of their respective donors prior to transplanta- 
tion were comparable to those of patients under further 
medication. The data are listed separately in Table 2 and do 
not show any difference when compared with thase of the 
whole group. 

Cell cycle analysis post-BMT. The proliferative status 
of precursor populations after transplantation was examined 
by assessing their cycle state using the “HTdR suicide 
technique (Fig 2) and compared with that of normal con- 
trols. In normal bone marrow specimens 65% to 95% of 
CFU-GEMM (median 80%) survived preincubation with 
*HTAR. In contrast, samples of BMT recipients tested after 
normalization of their peripheral counts yielded greater 
variability in the proportion of surviving CFU-GEMM. The 
values ranged from 8% to 100%, with a median of 60%. The 
observed distribution of values differed significantly from the 
normal control group (P = .O11, Mann-Whitney). A similar 
observation was made for the committed progenitors BFU-E, 
CFU-M, and CFU-C. The proportion of pluripotent progeni- 
tors surviving a preincubation with *“HTdR did not differ 
from the surviving fractions of committed precursers (range 
of P values .748 to .830). 

The cellularity of the tested bone marrow samples as 
assessed by the number of mononuclear cells per milliliter of 
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Fig 2. “HTdR suicide analysis of CFU-GEMM in BMT donors 
and recipients after establishment of normal peripheral blood 
values (P = .011}. The normal donor contributing the lowast values 
was 4 weeks postpartum. 
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Table 4. influence of Clonogenic Cells in BMT Inoculum and Bone 
Marrow Samples of the Recipients Before Transplantation 


Time to 
Attributes Engraftment Survival 

BMT Inoculum 

Nucleated cells .654* 042 

CFU-~GEMM 801 800 

BFU-E .590 362 

CFU-M .390 .966 

CFU-C 564 .123 
BMT Recipient 

CFU-GEMM 225 .298 

BFU-E 269 182 

CFU-M .003 849 

CFU-C 809 216 

Reticulocytes .200 873 

Neutrophils 326 694 

Platelets B42 478 
Age 723 .081 
Sex 142 223 
Weight 262 533 
Diagnosis 254 472 
Disease status 847 006 
GVHD 009 .135 





*P values of univariate analyses using a Cox regression analysis for 
continuous variables and Savage statistics for categorical values. 


aspirate did not differ for the donor and recipient population 
(P = .528, Mann-Whitney). 

These data confirm that nearly all available clonogenic 
cells are involved in the ongoing production of blood cells. 
Thus, bone marrow reestablished after BMT appears to 
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function like a marrow under stress without displaying a 
reserve of resting precursors. 


Analysis of Parameters Influencing Time to Engraftment 


Time to engraftment. Culture parameters and clinica! 
attributes were examined separately for their influence on 
time to engraftment. The respective P values are listed in 
Table 4. The presence of GVHD was the only clinical 
parameter significantly correlated with the time to engraft- 
ment. Patients without GvHD engrafted faster than did 
patients with GvHD (P = .009, Savage). The data are shown 
in Fig 3A. Neither diagnosis (P = .254, Savage) nor disease 
status (P = .847, Savage) of the patients were significant. 

Of the culture parameters examined, only the frequency of 
CFU-M in the recipient before administration of the prepa- 
rative BMT regimen was significantly related to the time to 
engraftment (P = .003, Cox). Patients with higher CFU-M 
values before transplantation engrafted significantly faster 
than did patients with low CFU-M values. The data are 
displayed as Kaplan-Meier plots comparing the subgroup of 
patients that formed more than the median number of 
megakaryocyte colonies in comparison to patients with a 
colony frequency below the median (Fig 3B). The correlation 
between CFU-M and time to engraftment remained signifi- 
cant even if patients with ALL who represented a subpopula- 
tion with higher CFU-M values were excluded from the 
analysis (P = .028, Savage). 

The concentration of CFU-M in recipient marrow before 
transplantation also predicted the reemergence of platelets 
and reticulocytes when assessed individually. The frequency 
of CFU-GEMM and BFU-E was correlated with the time to 
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Fig 3. (A) Time to engraftment for patients with GVHD grades 0 to | and li to IV. (B) Time to engraftment for recipients who formed 
<2.5 or >2.5 megakaryocyte colonies for 2 x 10° mononuclear cells in bone marrow samples obtained before transplantation. 
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recovery of reticulocytes (P = .023 for CFU-GEMM, and 
P = 12 for BFU-E, Cox), but not of other lineages. The 
data were further analyzed using multi-predictor Cox regres- 
sion models to determine whether there was a significant 
interaction between CFU-M and GvHD and to test whether 
the inclusion of clinical parameters in the model negated the 
influence of CFU-M. 

First, a regression model including age, sex, and weight of 
the recipient, pre- BMT frequency of CFU-M, occurrence of 
GvHD, and an interaction between CFU-M and GvHD was 
examined. The influence of CFU-M (P = .002) and GVHD 
(P = 018) on the time to engraftment was sustained 
independent of the clinical parameters. The interaction 
between CFU-M and GvHD was also significant (P =.018). 
The interaction indicated that the influence of CFU-M was 
greater for patients with GVHD. 

Second, three regression models were constructed to test 
whether diagnosis or previous therapy, as measured by 
disease status, affected the significance of either CFU-M or 
GvHD. These models included the same parameters as above 
but, in addition, were stratified by (a) diagnosis, (b) disease 
status, and (c) both. In each of the three models CFU-M 
(P = .0015 to .0069) and GVHD (P =.013 to .02) remained 
strongly significant. The multipredictor Cox regression 
results indicate that both CFU-M and GvHD are signifi- 
cantly related to time to engraftment, independent of the 
other clinical parameters tested. 

Analysis of parameters influencing survival time. Simi- 
lar studies were performed to assess the influence of the same 
cell culture and clinical parameters on survival time (Table 
4). Again all parameters were initially assessed alone and 
subsequently in conjunction with each other using the Cox 
regression model. 

The univariate analyses showed that survival was signifi- 
cantly influenced by the disease status at the time of trans- 
plantation. Patients with acute leukemia in first remission, 
chronic-phase CML, and aplastic anemia had a greater 
probability of surviving when compared with patients with 
more advanced disease (P = .007, Savage). The data are 
displayed as Kaplan-Meier plots in Fig 1B. No other clinical 
parameter was significant. 

Of the culture parameters, the frequency of clonogenic 
precursors in recipients prior to transplantation and number 
of clonogenic progenitors in each transplant inoculum were 
not predictive of survival. In contrast, the total number of 
nucleated cells in the transplant inoculum made a significant 
contribution (P = .042, Cox). Patients transplanted with a 
larger inoculum had better overall survival than did patients 
who had received a lower cell load. For the purpose of a 
visual display as Kaplan-Meier plot, patients were subdi- 
vided into a group below and above the median number of 
transplanted nucleated cells (Fig 1C). A correlation with 
survival was not observed when the number of nucleated cells 
transplanted per kilogram of the recipient’s body weight was 
used for the analysis (P = .185, Cox). 

A multivariate analysis was performed to test the 
influence of the total number of nucleated cells in conjunc- 
tion with other parameters. The Cox regression model 
included age, sex, weight, and was stratified by risk group as 
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defined by disease status. The influence of the total number 
of nucleated cells in the transplant inoculum on survival was 
sustained (P = .042) independent of the contribution of the 
other parameters. 


DISCUSSION 


The reestablishment of hemopoiesis after BMT is a multi- 
factorial process that involves a number of donor and host 
parameters. We examined clonogenic hematopoietic precur- 
sors in the host before and serially after BMT and deter- 
mined their quantity in donor-derived BMT inocula. The 
frequency of clonogenic progenitors in bone marrow samples 
collected from most BMT recipients before administration of 
the ablative pre-BMT regimen was significantly lower than 
that observed for the respective donor values. The resulting 
frequency distributions were skewed toward low levels. Only 
BMT recipients with ALL had normal progenitor numbers 
and distribution profiles. 

Colony formation after transplantation did not return to 
the level of their respective donors but approximated the low 
pre-BMT values. The data obtained post-BMT for patients 
with ALL were indistinguishable from results of recipients 
with other primary diseases. These data suggest that hemato- 
poiesis after transplantation is maintained by a reduced 
number of clones. This view is supported by animal experi- 
ments using retrovirus-transduced stem cells for reconstitu- 
tion of lethally irradiated mice. Lemischka et al'* showed 
that animals were repopulated by clones derived from as few 
as | or 2 stem cells. The increased proportion of pluripotent 
precursors in S-phase therefore reflects attempts to compen- 
sate for a decreased bone marrow reserve. 

Our data describing a reduced frequency of pluripotent 
and committed precursors confirm data previously reported 
for CFU-GM and BFU-E by Arnold et al’ and CFU-GM by 
Li et al.” They differ from observations by Norrie et al,” 
indicating return to normal values of CFU-GM, CFU-E and 
BFU-E in their series of 29 patients. The reason for this 
difference is not clear. It may relate to differences in the 
culture technique, expression of the data as number per 
volume of bone marrow or blood rather than as plating 
efficiency. Differences in the preparative regimen may affect 
the regenerative capacity of the bone marrow by influencing 
for instance the stromal support. 

In addition, as suggested by Li et al,’ one may postulate 
the suppression of clonogenic precursors after BMT by 
cellular or molecular mechanisms. We removed E rosette- 
positive cells from four bone marrow samples obtained after 
BMT and observed a significantly greater than anticipated 
increment in the plating efficiency of one specimen. 

The observation that the number of nucleated cells may 
influence survival of the examined patient population 
remains of practical interest since it is technically feasible to 
increase the number of transplanted cells. The importance of 
the size of the BMT inoculum for sustained and stable 
engraftment and reestablishment of a normal reserve has 
been well documented in murine hemopoiesis. Serial retrans- 
plant experiments demonstrated that only bone marrow of 
primary transplant recipients who had received a large 
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marrow inoculum was able to repopulate secondary 
hosts. 167 

The importance of cell number in clinical transplantation 
was previously demonstrated for aplastic anemia by Storb et 
al,'* who reported in an analysis of 73 patients a higher rate 
of graft rejection for patients transplanted with 3 x 10° 
nucleated cells/kg. In addition, Ringden and Nilsson’? dem- 
onstrated that patients with GVHD had a significantly better 
chance of surviving if they were transplanted with a higher 
total cell dose. Future clinical studies are necessary to 
determine whether a larger BMT inoculum will improve the 
bone marrow reserve in BMT recipients. 

Investigators have addressed the question of whether time 
to engraftment is related to the size and cellular composition 
of the transplant inoculum. Niederwieser et al” showed for 
50 patients with acute or chronic myeloid leukemia that a 
negative nonlinear correlation existed between the number of 
transfused cells and the duration of leukopenia. Faille et al?! 
demonstrated a correlation between the number of CFU- 
GM and the time to recovery of neutrophils for ten patients 
with aplastic anemia. A similar observation was made by 
Spitzer et al” for hematopoietic recovery following autolo- 
gous BMT. In contrast, Torres et al” were unable to identify 
a relationship between the number of transplanted CFU-GM 
and recovery of peripheral granulocytes in a series of 16 
patients transplanted for acute leukemia. Similar results 
with respect to the total cell number, CFU-GM and CFU-E 
dose were observed by Atkinson et al.” 

In our own study, time to engraftment was not correlated 
with any one of the cell populations in the transplant 
inoculum. We observed, however, that time to engraftment 
was significantly influenced by two host-related parameters. 
First, the development of GVHD, or possibly the therapy for 
GvHD, played a significant role in the delay of engraftment. 
Second, the frequency of CFU-M in the recipient before 
administration of their preparative regimen reflected the 
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speed of recovery of all hematopoietic lineages. This correla- 
tion is upheld independent of diagnosis or disease status at 
the time of transplantation. 

ht was surprising that CFU-M in the host before BMT 
reflected the time of bone marrow recovery more accurately 
than did the pluripotent precursor CFU-GEMM. The reason 
for this correlation is not currently understood. CFU-M may 
reflect the behavior of a more primitive progenitor cell 
population that is essential for engraftment. This view is 
supported by a report that CFU-M in murine hematopoiesis 
and day 14 CFU-S bear similar surface determinants 
detected by the monoclonal antibody denoted as Qa- M°,” 
whereas the antigen is not expressed by day 7 CFU-S 
considered to be more mature. Alternatively, CFU-M may 
represent a precursor population that requires optimal 
growth support in vivo. Their frequency may reflect the 
functional status of the growth-supporting hematopoietic 
microenvironment of the host and its ability to promote the 
proliferation of transplanted precursors. This hypothesis is 
consistent with the observation that BMT recipients usually 
establish erythropoiesis and granulopoiesis before platelets 
are produced at an adequate rate. 

Examination of the role of CFU-M in the host is neces- 
sary. A preliminary study has indicated that the host may 
produce stimulatory molecules for CFU-M and, to a lesser 
degree, for other clonogenic precursors shortly after receiv- 
ing the preparative regimen.” These can be readily identified 
in the plasma of transplant recipients and may serve as an 
additional measurement to examine hematopoietic regenera- 
tion after transplantation. 
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High-Dose Intravenous Gamma Globulin Improves Responses to Single- Donor 
Platelets in Patients Refractory to Platelet Transfusion 


By Zella R. Zeigler, Richard K. Shadduck, Craig S. Rosenfeld, Kenneth F. Mangan, Alan Winkelstein, 
Arsinur Oral, Glenn E. Ramsey, and Rene J. Duquesnoy 


Ten patients, with bone marrow failure or malignant disor- 
ders, became refractory to platelet transfusions using 
random, as weil as partial or fully HLA-matched, single- 
donor platelets. To determine its effect on platelet refrac- 
toriness, intravenous gamma globulin (IV IgG) was adminis- 
tered at 400 or 800 mg/kg/d for five days, and postinfusion 
platelet responses were monitored, Platelet transfusion 
responses following intravenous gamma globulin (IV igG) 
were graded as follows: Excellent, 48-hour posttransfusion 
count > 50,000/uL; good, 48-hour count > 20,000 but 
<§0,000/uL; Fair, increased increment, 48-hour count 


LATELET refractoriness represents a life-threatening 
complication in patients with bone marrow failure who 
have platelet counts <10,000/pL. Poor platelet increments 
occur in two situations and may have different pathogenic 
mechanisms. In outpatients with chronic aplasia, poor 
responses probably reflect alloimmunization.’” In contrast, 
in febrile patients following chemotherapy-induced aplasia, 
factors related to infections may contribute to poor transfu- 
sion responses. In these patients, it is difficult to discern the 
relative contribution of allosensitization and/or other fac- 
tors. 

High-dose intravenous gamma globulin (IV [gG) is effec- 
tive in the treatment of autoimmune thrombocytopenic pur- 
pura*® and posttransfusion purpura. ™'? Results are conflict- 
ing, however, in the management of platelet allormmuniza- 
tion.’ IV IgG is potentially suitable for the management of 
platelet refractoriness because it has a rapid onset of effect 
(two to five days) and does not suppress bone marrow.** We 
report the beneficial effects of IV IgG in the management of 
a cohort of platelet-refractory patients. 


MATERIALS AND METHODS 


Patients. Ten patients who became refractory to platelet trans- 
fusion, defined as a one-hour posttransfusion increment of <15,000/ 
uL, participated in this study. All ten had failed to respond to 24 to 
110 U random-donor platelets, (administered as 6- to 10-U platelet 
transfusions) and to platelet transfusions from donors who were 
HLA-identical, partially matched, or selectively mismatched, for 
cross-reactive HLA antigens.” Each patient gave informed con- 
sent for participation in this study. The protocol was approved by the 
Institutional Review Board of Montefiore Hospital, University of 
Pittsburgh School of Medicine. 

The clinical characteristics of the patients are shown in Table 1, 
four patients (patients no. | through 4) had chronic aplastic anemia 
and became refractory to prophylactic transfusion of selected single- 
donor platelets. Patient no. 4 developed pneumonia five days after 
initiation of IV IgG therapy; the other patients with aplasia were 
afebrile. Three patients (patients 5 through 7) had bone marrow 
failure due to lymphoma and developed refractoriness to chronic 
platelet transfusion therapy; one (patient no. 7) was receiving active 
chemotherapy. The remaining patients failed to obtain platelet 
responses to transfusion while undergoing induction therapy for 
acute nonlymphocytic leukemia (ANLL). 

Patients varied in the duration of blood support (2 weeks to 3 
years) and the number of unit exposures (13 to 735 U}. Generalized 
alloimmunization, as judged by HLA-antibody screening, was 
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«< 20,000; and failed, no increased increment. Six of ten 
patients (60%) had improved responses to selected single- 
donor platelets (two were excellent, three were good, and 
one was fair). The time to achieve a platelet transfusion 
count >25,000/yuLl ranged from one to nine days of igG 
therapy. One individual had sustained benefit (>1 year): 
the remaining responses persisted for 6 to 8 weeks. These 
results suggest that IV IgG may be useful in the manage- 
ment of platelet refractoriness, especially in patients 
receiving single-donor platelets. 

© 1987 by Grune & Stratton, inc. 


detected in eight patients; these patients showed antibodies against 
>75% of screening cells. Six had fever, two had enlarged spicens, 
and | (patient no. 5) had undergone splenectomy earlier in her 
treatment course. HLA-identical platelets were available and inef- 
fective in six of the ten patients. Five had gastrointestinal (GD 
bleeding (melena, hematemesis, or rectal bleeding), and one suffered 
limited hemorrhage into the CNS during the time of study. Three 
patients (patients no. 2, 5, and 6) who failed to respond died of 
uncontrolled bleeding. 

IgG infusion. Ali patients received IgG (Sandoglotulia) as an 
IV infusion over six to eight hours at a dose of 400 mg/kg/d for five 
days. This dose was chosen to correspond to that recommended for 
the treatment of immune thrombocytopenia purpura. If no response 
occurred during the five-day course of therapy, the dosage was 
increased to 800 mg/kg/d until a posttransfusion platelet count 
225,000/uL was obtained or for an additional five days. Single- 
donor platelets were given within one to ten hours of the IgG infusion 
if the platelet counts were <20,000/yL. Random-donor platelets 
were not given unless the patient was actively bleeding and single- 
donor platelets were ineffective. 

Definition of platelet responses. One-hour posttransfusion 
platelet counts were performed by chamber analysis using the 
method of Brecher and Cronkite.” 

Responses to single-donor platelets were graded as follows: Excel- 
lent, increased increment, 48-hour count »50,000/yaL; good, 
increased increment, 48-hour count > 20,000 but < 50,000/nL, fair, 
increased increment, 48-hour count <20,000/uL: and failed, no 
increased increment. 

For single donors that were used repetitively for a given patient. 
the degree of HLA match to the patient was determined, This was 
based on HLA-A and HLA-B loci and published cross-reactivity 
information.” The match categories were defined as follows: A 
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Table 1. Platelet Refractory Patients: Clinical Characteristics 


Blood HLA Screen 
Blood Support or Platelets No. Positive/ Temperature A-match 
Sex Age Diagnosis {mos} Administered {U} No. Screening Cells > 100°F Spleen Donor 
M 14 Chronic aplastic anemia 5.0 735 + 28/30 N NP NA 
M 57 Chronic aplastic anemia 13.0 149 + 40/48 N NP NA 
M 59 Chronic aplastic anemia 1.0 115 -+ 29/30 N NP Failed 
F 56 Chronic aplastic anemia 5.0 191 + 17/20 Y NP NA 
F 62 Lymphoma 17.0 315 + 21/48 N Splenex Failed 
F 53 Lymphoma 15.0 477 + 21/24 Y Enlarged 6 cm Failed 
F 60 Lymphoma 1.0 59 + 36/48 Y Enlarged 3 cm Failed 
M 24 Acute aplasia ANLL 3.5 156 + 36/48 Y NP Failed 
F 60 Acute aplasia ANLL 1.0 174 + 27/30 Y NP Failed 
F 77 Acute aplasia ANLL 0.5 13 + 10/48 Y NP NA 





N, no; Y, yes; NP, not palpable; Splenex, splenectomy; NA, not available. 


match, HLA-A and HLA-B antigen identical; B match, three donor 
antigens matched and the fourth unknown or cross-reactive, or two 
donor antigens matched and the third and fourth unknown or 
cross-reactive; C match, three donor antigens matched and one 
mismatched; and D match, two or more donor antigens mis- 
matched. 

Platelet-associated IgG levels. Platelet-associated IgG levels 
were measured by the immunodiffusion assay of Morse et al.” 
Levels were monitored before and during the administration of IgG, 
and at times before the next transfusion, when the platelets were 
<15,000/uL. This was done so that changes would not be due to an 
increase in the platelet count. 


RESULTS 


Platelets from random donors were without benefit in six 
patients after administration of IV IgG. The results obtained 
with selected single donors are summarized in Table 2. The 
total amount of IV IgG administered varied from 2.0 to 6.0 
g/kg. One patient (no. 4) continued to receive booster doses 
of 800 mg/kg before each platelet transfusion because of the 
fair response and the clinical judgment that continued IgG 
improved platelet increments. The other patients received 
only the initial course of IgG. 

In this series, six patients had improved responses to 
platelet transfusion of selected single-donor platelets. Two of 
the responses were excellent, three were good, and one was 
fair. The time to a transfusion-related platelet count of 


>25,000/uL ranged from one to nine days. In patients in 
whom the duration of response could be evaluated, most 
responses persisted from 6 to 8 weeks; however, one patient 
(patient no. 4) has had excellent responses to platelet trans- 
fusions in >} year of observation. 

The best response is summarized for patient no. 4 (Table 
3), who had been supported by selected single donors for 5 
months because of failure to respond to 30 U random-donor 
platelets. On three successive days, transfusion of platelets 
from donors that had been effective failed to provide ade- 
quate increments. The patient was admitted (October 10, 
1984) for IV IgG in an attempt to improve platelet support. 
The first dose of IgG was administered, followed by platelet 
transfusion from donor no. 4, which provided a transfusion 
increment of 40,000/uL, but a markedly shortened survival 
(the 24-hour count was <16,000/uL). Platelets from donor 
no. 4, on the seventh day of IV IgG, survived better, with a 
48-hour count of 39,000/uL. Improved increments are 
shown in Table 3 for each of the three donors used for this 
patient during the platelet refractory period. 

Responses to platelets from single donors who were known 
to be effective before the refractory state were retested after 
IgG in three patients (patients no. 1, 4, and 8). The data from 
these seven donors is shown in Fig 1. For comparison, the 
l-hour posttransfusion increment observed the first time a 
donor was used for that patient was considered to be 100%: 


Table 2. Platelet Transfusion Responses After High-Dose IgG Therapy 





Amount of 
Patient IV IgG Days to 
No. Administered {g/kg} Response Piatelets = 25,000/pL Duration 
1 6.0 Fair 7.0 8 weeks 
2 6.0 Failed — Died of hemorrhage 
3 6.0 Failed coe Alive {platelets = 1,000/L) 
4 2.0 Excelient 1.0 17 months 
5 6.0 Failed — Died of hemorrhage 
6 2.0* Failed — Died of hemorrhage* 
7 5.2 Good 9.0 >6 weekst 
8 2.0 Excellent 3.0 6 weeks} 
9 3.6 Good 5.0 >10 days* 
Died, refractory leukemia 
10 6.0 Good 8.0 > 11 dayst 





*Refused all further therapy. 
+Bone marrow recovered. 
{Died of refractory leukemia at 8 weeks. 


IV IGG IN PLATELET REFRACTORINESS 


Table 3. Summary of Patient 4 


Piatelet Count (ul) 


Donor No, Date Pretransfusion -h Posttransfusion 
A. Prerefractory period 
1 8/22/84 2,000 75,000 
2 7725/84 9,000 45,000 
3 6/19/84 4,000 77,000 
4 8/29/84 33,000 96,000 
B. Refractory period 
1 10/8/84 5,000 21,000 
2 10/9/84 4,000 16,000 
3 10/10/84 3,000 15,000 
C. Post iV IgG 
1 1/2/85 16,000 112,000 
2 11/9/84 33,000 92,000 
3 1/15/85 35,000 112,000 
4 10/11/84 1,000 41,000 
(day 1 IV IgG) (24-h < 16,000) 
10/17/84 7,000 70,000 
(day 7 iV IgG) {48-h = 39,000) 


the remaining results are expressed as a percentage of that 
baseline increment. Following IV IgG therapy, one-hour 
increments averaged 107.5% + 16.7% (n = 16) of baseline as 
compared with 22.8% + 2.8% (n= 8) in the refractory 
period of time, P < .001. The degree of HLA match between 
the donor and recipient did not appear to influence the 
results; improved increments occurred with grades of HLA 
match ranging from A through D. 

Platelet associated-[gG (PA-IgG) levels were measured 
before transfusion and before and during therapy with IgG. 
Baseline values were elevated in seven of eight patients (Fig 
2) and did not discriminate between responders and nonre- 
sponders. In contrast, a correlation was observed between 
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Fig 1. Comparison of one-hour posttransfusion platelet incre- 
ments after use of selected single donors in prerefractory, refrac- 
tory, and posttreatment periods in three patients. For comparison, 
all one-hour increments are expressed as percentage of baseline, 
{the increment obtained the first time that donor was used). (B 
through D): grade of HLA match of the donor. 
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levels were elevated in seven of eight patients prior to treatment 
(>6 fg/platelet). Repeat PA-igG levels on days 7 through 15 of 
therapy were significantly lower in the group of responders as 
compared with nonresponders. This represented a decline of the 
levels in responders, whereas nonresponders either showed no 
change or an increase. 


responses and PA-IgG level obtained on days 7 through 15 of 
IV IgG therapy. In responders, values ranged from 3 to 11.4 
fg/platelet; in nonresponders, the PA-IgG values ranged 
from 12 to 100. Responders showed a decline in PA-IgG; in 
contrast, nonresponders either showed no change or an 
increase in their levels. 


DISCUSSION 


Although scattered reports'*'*'’ describe favorable 


responses to IV IgG in alloimmunized platelet transfusion 
recipients, the prevailing data are negative.''"* Studies by 
Schiffer et al'! and Knupp et alf indicated no improvement 
in platelet transfusion responses to IV IgG. Thus, their 
results differ from those in this study. 

From the present data, determination of the reasons for 
these discrepant results is impossible. Most of the patients 
reported herein received higher doses of IgG than were used 
in previous studies. Because the same preparation of IgG was 
used in both this study and that reported by Schiffer et al,” 
the choice of preparation does not appear to explain the 
difference. In this study, patients were given platelet transfu- 
sions in conjunction with the IgG therapy rather than having 
platelets administered after a course of IV IgG. Moreover, 
all the present patients were given the best HLA-matched 
single-donor platelets available. Further observations will be 
necessary to determine which, if any, of these differences are 
important in reversing the platelet-refractory state. 

In this series, patients had improved responses to selected 
single-donor platelets; however, random-donor platelets were 
tried without benefit. Therefore, this therapy may not 
improve responses to random platelets in most cases, as has 
been noted previously.’ That transfusion responses were 
restored to HLA-D~—matched platelet products suggests that 
some responses to random products may be anticipated. 

Although IV IgG improved responses to transfused plate- 
lets in selected patients, the mechanisms involved are 
unclear. In contrast to immune thrombocytopenic purpura in 
which data’ suggest that platelet destruction is due to 
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reticuloendothelial clearance of antibody-coated cells, the 
mechanism of destruction of allogeneic platelets is not estab- 
lished. Beneficial effects of IV IgG may also result from 
delayed clearance of sensitized cells. An analogy can be 
drawn to the findings of Grumet and Yankee,’ who demon- 
strated that corticosteroids or splenectomy could improve 
transfusion increments to HLA- compatible, but not ran- 
dom-donor, platelets in alloimmunized aplastic patients. 

The present observations suggest that IV IgG may be able 
to interfere with antibody coating of platelets. Decreased 
PA-IgG levels were observed as early as | day after institu- 
tion of IgG therapy (data not shown). This decreased anti- 
body binding continued throughout the study and correlated 
with response. PA-IgG levels on days 7 through 15 of therapy 
remained high in nonresponders and fell in responders. These 
results are similar to those of Becton et al, °? who noted a 
decline in surface-associated IgG in two alloimmunized 
children with aplastic anemia that responded to IV IgG 
therapy. Moreover, Kekomaki et al,'* showed that the addi- 
tion of IgG, but not buffer, reduced alloantibody binding in 
vitro. Higher drug levels may be important for this mecha- 
nism as compared with those necessary to produce reticu- 
loendothelial blockade. 


ZEIGLER ET AL 


In conclusion, high-dose IgG therapy improved platelet 
support, with use of single donors, in six of ten platelet- 
refractory patients. Even though the effect was usually 
transient (6 to 8 weeks), improved responses may provide 
valuable time needed for bone marrow recovery following 
therapy of acute leukemia or aplastic anemia. The use of [V 
IgG to improve responsiveness to transfused platelets is 
certainly expensive. In our hospital, | g of IV IgG costs 
$100.00; thus, the average cost for a single course of 400 
mg/kg for five days is ~$14,000.00. Because of this, IV IgG 
is not a means of maintaining platelet counts > 20,000/uL 
prophylactically; however, this therapy might be considered 
if a patient is experiencing uncontrollable bleeding and is no 
longer supportable with single-donor platelet products. 
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Fibronectin Is Required for Platelet Adhesion and for Thrombus Formation on 
Subendothelium and Collagen Surfaces 


By Eva Bastida, Gines Escolar, Antonio Ordinas, and Jan J. Sixma 


Fibronectin (FN) plays a role in several adhesion mediated 
functions including the interaction of platelets with suben- 
dothelium. We investigated the role of plasma FN in 
platelet adhesion and platelet thrombus formation under 
flow conditions. We used two different perfusion models: 
the annular chamber with a-chymotrypsin—treated rabbit 
vessel segments, and the flat chamber with coverslips 
coated with fibrillar purified human collagen type fll. Perfu- 
sates consisted of washed platelets and washed RBCs, 
suspended in normal or FN-depleted plasma. Perfusions 
were carried out for ten minutes at shear rates of 300 or 
1,300 s”'. Platelet deposition and thrombus dimensions 
were evaluated morphometrically by a computerized sys- 


LATELET ATTACHMENT, spreading and aggrega- 
tion on vascular subendothelium are crucial events in 
platelet thrombus formation. Several factors are known to 
regulate these events: physical factors,” subendothelial com- 
ponents,’ adhesive proteins,’ and specific receptors on the 
platelet membrane.” 

Fibronectin (FN) is a multifunctional glycoprotein with 
numerous biological roles. Besides its interactions with plate- 
lets, FN is known to promote attachment and spreading of 
cells on collagenous substrates,‘ and to bind to different types 
of cells such as fibroblasts,’ rat kidney cells,’ and malignant 
melanoma cells.” Recent studies have demonstrated that the 
Arg-Gly-Asp sequence within FN is involved in the cell 
attachment function of this glycoprotein. It has been hypoth- 
esized that platelets have a receptor capable of recognizing 
the Arg-Gly-Asp sequence in several adhesive proteins and 
that this platelet receptor is the membrane glycoprotein 
GPIIb/ Hla. This amino acid sequence has also been found 
in other proteins that interact with platelets such as fibrino- 
gen, von Willebrand factor, and vitronectin.’ On the other 
hand, it has been reported that platelets from thrombas- 
thenic patients lacking the GPHb/ Hla complex, do not form 
thrombi in the Baumgartner perfusion system, using both 
citrated’? and nonanticoagulated blood.” 

In this study, we investigated the role of FN in platelet 
adhesion and in platelet thrombus formation. We used two 
perfusion models: the annular chamber with rabbit abdomi- 
nal aorta segments and the flat chamber with coverslips 
coated with fibrillar purified human collagen type HI. Mor- 
phometry was used to measure the extent and the state of 
interacting platelets, as well as to determine platelet throm- 
bus dimensions. 


MATERIALS AND METHODS 
Collagens 


Collagen type IH from human umbilical arteries was isolated and 
purified by the Chandrajajan method. Collagen fibers were pre- 
pared as previously described. Briefly, native type fibers were 
prepared by dissolving the collagen (1 mg/mL) in 50 mmol/L acetic 
acid and dialized against 20 mmol/L Na,HPO, at 4°C for 48 hours. 
The collagen fibrils were collected by centrifugation (30 minutes, 
30,000 g, 4°C) and resuspended in 20 mmol/L Na,HPO,. The 


Blood, Vol 70, No 5 (November), 1987: pp 1437-1442 


tem. We found that depletion of plasma fibronectin signifi- 
cantly reduced the percentage of total coverage surface 
and percentage of platelet thrombus, at both shear rates 
studied, and in both perfusion systems (P < .O1) {P < .O1}. 
The dimensions of the platelet thrombi formed in perfu- 
sions at high shear rate were also significantly reduced in 
perfusions carried out with FN depleted plasma {P < .01). 
Addition of purified FN to FN-depleted perfusates restored 
all values to those measured in the control perfusions. 
These results indicate that plasma FN is required for 
platelet aggregate and thrombus formation following adhe- 
sion under flow conditions. 

© 1987 by Grune & Stratton, Inc. 


collagen concentration in the fibrillar suspension was determined by 
the hydroxyproline assay. 


Fibronectin Depleted Plasma and Fibronectin 


FN was isolated from plasma by affinity chromatography as 
described.'© FN-depleted plasma contained no detectable FN on 
electro-immunoassay. The level of FVITIR:Ag was unchanged and 
the level of FVITI:-RCo ranged from 0.7 to 0.85 U/mL. There was 
essentially no change in the multimeric structure of von Willebrand 
factor after passage over the gelatin column. Purity of the isolated 
FN was assessed by SDS gel electrophoresis according to Laem 
mli.” 


Preparation of Perfusates 


Blood from normal healthy donors who had taken no drugs ten 
days before blood collection was anticoagulated with 1:10 vol 110 
mmol/L trisodium citrate. Platelet rich-plasma was prepared by 
centrifugation (ten minutes, 150 g, 20°C). Platelets were washed 
twice by centrifugation (ten minutes, 500 g, 20°C) in Krebs-Ringer 
buffer pH 6.0. RBCs were washed three times by centrifugation (ten 
minutes, 300 g, 20°C) in isotonic saline containing 5 mmol/L 
glucose. Perfusates were prepared as previously described? and 
consisted of washed platelets (WP), washed RBCs (WRBC) and 
normal plasma or FN-depleted plasma. Before each perfusion run, 
the perfusate (15 mL) was reconstituted by adding WRBC to the 
resuspended platelets (hematocrit 0.4, platelet count 1.9 « 10" 
pl/L, final concentration). In some experiments, FN was added to 
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Tabie 1. Platelet Deposition on a-Chymotrypsin- Treated Rabbit Vessels 
Vessel Surface Covered (%} 
Perfusate Contact Spread Ag < Sum Thrombus Surface Coverage 
Normai plasma 3.6 + 1.0 6.8 + 0.1 3.6 + 0.3 3.5 + 0.6 17.6 + 0.5 
FN-depleted plasma 2.7+0.1 4.0 + 0.3 1.5 + 0.3* t.5 + 0.3* 9.8 + 0.4* 
FN-depleted plasma + FN 4.0 + 2.0 6.6 + 0.2 3.2 + 0.9 3.0 + 1.0 16.8 + 0.9 


a-Chymotrypsin-digested rabbit vessels exposed to blood for ten minutes at a shear rate of 300 s~'. Values represent mean + SEM (n = 5). 


*P< 01. 


FN-depleted plasma to obtain a final concentration of 300 pg/mL. 
The perfusates were incubated for five minutes in a water bath at 
37°C before starting the perfusion. 


Preparation of the Vessels 


Rabbit abdominal aorta segments were obtained from New 
Zealand rabbits that weighed 2.5 to 2.8 kg. Arteries were excised 
above the iliac artery and were everted to expose the luminal surface. 
The endothelium was removed by treatment with a-chymotrypsin as 
previously described. The everted, de-endothelialized segments, 
~14 mm in length, were stored at —80°C until used. Before 
perfusion, vessel segments were rinsed with 0.02 mol/L phosphate 
buffered saline (PBS) pH 7.4. 

In some experiments, a-chymotrypsin—digested rabbit segments 
were incubated with purified FN at a concentration of | mg/mL for 
30 minutes at 20°C. The preincubated vessel segments were thor- 
oughly rinsed with PBS pH 7.4 before being used in perfusions. 


Preparation of the Coverslips 


Fibrillar collagen (1 mg/mL) was sprayed onto plastic coverslips 
(Thermanox, Miles Laboratories, Naperville, IL} at a concentration 
of 20 ug/cm° with a retouching airbrush, as previously described." 


Perfusion Experiments 


Perfusions were carried out in annular chambers according to 
Baumgartner,’ and in flat chambers as described by Sakariassen et 
al.” The annular chambers were used for the arteries and the flat 
chambers were used for collagen-coated coverslips. 


Processing of Vessel Segments and Plastic Coverslips for 
Cross-Sectional Morphometric Evaluation 


Vessel segments. After perfusion, the segments were rinsed with 
PBS and fixed with glutaraldehyde. The fixed segments were sliced 
from the supporting rod, dehydrated through a graded series of 
ethanol concentrations, embedded in JB-4 embedding media (KIT 
composed of components A, B, and C Polysciences, Warrington, 
PA), thin-sectioned for light microscopy, and stained with toluidine 
blue as described.” 

Collagen-coated coverslips. In perfusions carried out with the 
flat chambers, the system was rinsed with PBS pH 7.4. following the 


experiments. The perfused coverslips were carefully removed from 
the chamber knobs, rinsed thoroughly with 0.02 mol/L PBS pH 7.4 
and fixed for one hour in 0.5% glutaraldehyde in 0.1 mmol/L PBS 
pH 7.4. After one hour of fixation, coverslips were washed in fresh 
PBS and dehydrated in a graded series of ethanols (30%, 50%, 70%, 
96%). Infiltration of the samples was performed in catalyzed JB-4 
solution for two hours at 4°C. Embedding of the coverslips was 
performed in flat molds. The nonperfused side of the coverslips was 
laid on the bottom of the mold filled with catalyzed JB-4 solution. 
Polymerization was carried out at 4°C in special containers from 
which air had been removed by nitrogen current. After complete 
polymerization, plastic coverslips were carefully peeled off from the 
JB-4 polymer, leaving the perfused side of the coverslip firmly 
embedded in the JB-4 polymer. Three-millimeter wide strips of the 
JB-4 flat blocks were appropriately oriented and vertically embed- 
ded in BEEM capsules as described above. Final blocks were 
vertically sectioned with glass knives. Sections were removed from 
the cutting edge, floated on water, mounted on glass slides, dried, 
and stained with 1% methvlene blue. 


Morphometric Evaluation 


Platelet interaction with subendothelium was evaluated according 
to the basic criteria described by Baumgartner’? with minor modifi- 
cations,”' Basically, platelets or groups of platelets were classified as 
follows: contact (C), platelets that are attached but not spread on the 
subendothelium; spread (S), platelets that have spread on the 
subendothelial surface; aggregate (Ag), aggregates of <5 um in 
height; thrombus (T), platelet aggregates of =5 um in height. Total 
covered surface was obtained by adding C + S + Ag + T. 
Morphometric evaluation was performed using a manual optical 
picture analysis system (MOP 20 Kontron) connected to a computer 
with an automated recognition program, as previously described.”’ 

In addition to the morphometric evaluation, we simultaneously 
determined the cross-sectional areas of all platelet aggregates of >5 
um in height (Thrombus). The sum of all thrombus surface area 
expressed in square micrometers was related to the perimeter of 
either rabbit vessel or collagen coated coverslips, in each case 3,400 
um. The result obtained corresponded stereologically to the throm- 
bus volume per unit of surface area of the subendothelium (um?/ 
pm’), as described elsewhere.” 


Table 2. Platelet Deposition on a-Chymotrypsin-Treated Rabbit Vessels 
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Vessel! Surface Covered :%)} 





Perfusate Contact Spread Ag < Sum Thrombus Surface Coverage 
Normal plasma {n = 7) 3.9 + 0.6 10.8 + 0.4 3.3 + 0.5 14.4 + 1.9 29.2 + 3.7 
FN-depleted plasma {n = 6} 3.9 + 0.4 8.9 + 1.7 1.6 + 0.5 1.6 + 0.17 14.7 + 3.0* 
FN-depleted plasma + FN {n = 3) 4.1+ 0.9 13.2 + 2.8 6.5 + 2.2 8.6 + 1.3 32.4 + 6.3 








a-Chymotrypsin~ digested rabbit vessels exposed to blood for ten minutes at a shear rate of 1,300 s'. Values represent mean + SEM with the number 


of experiments in parentheses. 
*P < 01. 


FN PLATELET ADHESION THROMBUS FORMATION 





Fig 1. 


Light micrographs {original magnification x 1,000; cur- 
rent magnification x 590) of a-chymotrypsin treated rabbit suben- 
dothelium after ten minute perfusions at a shear rate of 1.300 
s`! (A) Normal plasma. (8) FN-depleted plasma. 


RESULTS 
Studies on Platelet Deposition on Rabbit Subendothelium 


To assess the role of plasma FN in the interaction of 
platelets with subendothelium of different thrombogenic 
properties, we carried out perfusions with vessel segments 
that had been de-endothelialized by overnight digestion with 
a-chymotrypsin. Perfusions were performed at two different 
shear rates, 300 and 1,300 s`', respectively. Table | summa- 
rizes the results obtained in the perfusions at a shear rate of 
300 s~". In this group of experiments, plasma FN depletion 
significantly reduced the percentage of platelet thrombi from 
3.5% + 0.5% to 1.5% + 0.3% (P < .O1) and the total cover- 
age surface 17.6% + 0.5% to 9.8% + 0.4% (P < .01). The 
percentage of the surface covered by contact and spread 
platelets, and the platelet aggregates of <5 um in height were 
also reduced, although these values were not significant. 

Perfusions carried out with a-chymotrypsin—digested rab- 
bit vessels at a high shear rate (1,300 s~') indicated the role 
of plasma FN in platelet thrombus formation (Table 2). In 
these experiments, the surface coverage with platelet 
thrombi decreased from 14.4% + 1.0% to 16% + 0.1% 
(P < .01). The total surface coverage was also significantly 
diminished from 29.2% + 3.7% to 14.7% + 3.0% (P < O01). 
No significant differences were ebserved for the values of 
contact and spread platelets. Surface coverage with aggre- 
gates of <5 um in height was slightly decreased but of no 
statistical significance. Figure 1 illustrates the differences by 
showing micrographs of the vessel wall subendothelium after 
perfusions at a shear rate of 1,300 s~’ with perfusates 
prepared with normal plasma (Fig 1A) or FN-depleted 
plasma (Fig 1B). 

In both groups of experiments, at low and high shear rates, 
addition of 300 ug/mL of FN to FN-depleted perfusates 
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restored the values of platelet deposition to those measured in 
control perfusions. 

Treatment of the rabbit vessel with a-chymotrypsin for 18 
hours digests all noncollagenous subendothelia! proteins, 
including FN. Attempts to restore vessel FN were made by 
preincubating the digested vessels with purified human FN. 
Preincubation of enzymatically-treated rabbit vessel seg- 
ments with purified human FN (1 mg/mL) for 30 minutes at 
22°C did not modify the pattern of platelet adhesion. These 
results are summarized tn Table 3. No significant changes 
were observed after preincubation of the vascular material! 
with purified FN. For these experiments, FN-depleted 
plasma was used in the perfusate. 


Platelet Deposition on Nonfibrillar and Fibrillar Purified 
Collagen Type HI 


To study the role of plasma FN on platelet adhesion to 
human purified collagen type HI, perfusions using the flat 
chamber perfusion system were performed.” 

Results are summarized in Table 4. At a shear rate of 300 
s~? the vessel surface covered with platelet aggregates of <5 
um, with platelet thrombi, and the total coverage surface, 
were reduced from 14.2% + 1.7% to 8.3% + 0.8%, from 
6.1% + 1.7% to 2.0% + 0.7%, and from 31.0% + 5.0% to 
14.8% + 3.7%, respectively in perfusions carried out with 
FN-depleted plasma. All these values reached significant 
levels (P < QL). 

The values obtained in perfusions performed at a shear 
rate of 1,300 s”' also indicated the role of plasma FN in the 
interaction of platelets with purified fibrillar collagen type 
Ill. The most significant reduction observed in perfusates 
prepared with FN-depleted plasma was in the percentage of 
platelet thrombi, with a decrease from 14.3% + 3.0% to 
3.6% + 1.0% (P < .05). The values of platelet aggregates 
and of the total coverage surface were also decreased, but 
were of no significance. 


Measure of Platelet Thrombus Volume 


The dimensions of the thrombi formed in perfusions 
carried out at high shear rate with normal, FN-depleted 
plasma, and FN-depleted plasma to which FN had been 
added, were performed using the computerized system for 
morphometric evaluation. The results are shown in Fig 2. In 
perfusions performed with the annular chamber at a shear 
rate of 1,300s~', the mean thrombus volume per surface area 
was 0.58 + 0.11 wm’/um’ for normal perfusates, and 0.12 + 
0.08 um’/um? for FN-depleted perfusates, respectively. 
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Vessel Surface Covered (%) 


Vessel Wath titer eme e 
Preincubation Shear Rate (s`) Contact Spread Ag < Sum Thrombus Surface Coverage 
Buffer {n = 4) 300 2.9 + 0.6 4.3+0.9 2.0 + 0.4 1.8 + 0.5 1.0+ 1.9 
FN {n = 4} 300 3.1 + 0.7 3.8 + 1.0 2.3 + 0.5 1.6 + 0.4 10.8 + 2.4 
Buffer (n = 4) 1,300 3.9+0.4 10.6 + 2.5 3.0 + 0.7 1.6 + 0.1 17.2 2 4.2 
FN (n = 3) 1,300 4.1 + 1.1 8.8 + 2.2 2.1 + 0.5 0.8 + 0.4 15.0 + 3.5 
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a-Chymotrypsin- digested rabbit vessels were preincubated with purified FN isolated from plasma by affinity chromatography and exposed to blood 
for ten minutes. Perfusates were prepared with FN-depleted plasma. Values represent mean + SEM with the number of experiments in parentheses. 
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Table 4. Platelet Deposition on Fibrillar Collagen Type Il 
tt trent ener etna opt ope 











Surface Covered (%} 
Perfusate Shear Rate (s~’) Contact Spread Ag < Sum Thrombus Surface Coverage 
Normal plasma {n = 4) 300 0.6 + 0.2 10.1 + 2.1 14.2 + 1.7 6.1 + 1.7 31.0 + 5.0 
FN-depleted plasma {n = 3) 300 0.4 + 0.2 4.2 + 2.5 8.3 + 0.8* 2.0 + 0.7* 14.8 + 3.7* 
Normal plasma {n = 3) 1,300 0.2 + 0.05 8.1 + 2.1 36.9 + 5.3 14.3 + 3.0 59.5 + 10.4 
FN-depleted plasma (n = 3) 1,300 0.6 + 0.01 9.0 + 1.8 29.8 + 3.5 3.6 + 1.0* 43.0 + 6.7 





ans 





Fibrillar collagen type li was exposed to blood for ten minutes. Values represent mean + SEM with the number of experiments in parentheses. 


*P < O1; 


These values reached the significant level (P < .01). Addi- 
tion of purified FN to FN-depleted perfusates restored the 
value of thrombus volume to 0.48 + 0.12 um? / um’. 

Measure of thrombus volume in perfusions carried out 
with the flat chamber, using human fibrillar collagen as the 
substrate for platelet adhesion, displayed similar results. In 
this set of experiments, a statistically significant decrease 
(P < .01) in the mean thrombus volume per surface area was 
0.67 + 0.09 um’/um? in normal perfusions and 0.20 + 0.10 
ym’/um? in FN-depleted perfusions was observed. The 
results obtained following the addition of 300 ug/mL of 
purified FN to FN-depleted perfusates showed a value of 
0.60 + 0.15 um’/pm’, which was similar to the value 





Fig 2. Effects of plasma FN on platelet thrombus formation 
Platelet thrombus volume per surface area was measured in ten 
minute perfusions at 1.300 s”' and expressed in um*/um?. (A) 
Perfusions were performed with the annular chamber using a- 
chymotrypsin—digested rabbit segments. The number of experi- 
ments were n = 7,n = 6, andn = 3 for normal plasma, FN-depleted 
plasma, and FN-depleted plasma + FN, respectively. (B) Perfu- 
sions were performed with the flat chamber using fibrillar human 
collagen type ill. The number of experiments were n = 4, n = 3, 
and n = 4 for normal plasma, FN-depleted plasma, and FN-depleted 
plasma + FN, respectively. O, Normal plasma: Ø, FN-depleted 
plasma; A, FN-depleted plasma + FN. Bars indicate mean throm- 
bus volume per surface area and lines indicate SEM. P < .01. 


measured in control perfusions. These results, using both 
perfusion systems, indicate the importance of plasma FN in 
platelet thrombus formation. 


DISCUSSION 


it is well documented that FN plays a role in some 
adhesion-mediated cell functions, including the interaction 
of platelets with vessel subendothelium.’*” In the present 
study, we investigated the role of plasma FN in platelet 
adhesion and platelet thrombus formation under flow condi- 
tions. To expose flowing blood to collagenous subendothelial 
and purified human collagen type HI surfaces two perfusion 
systems were used. Platelet-subendothelium interaction was 
studied using annular chambers, with a-chymotrypsin— 
digested rabbit arteries, and flat chambers, with coverslips 
coated with fibrillar human collagen type HI. Our results 
indicated that plasma FN is required for platelet aggregate 
and platelet thrombus formation, following adhesion in both 
types of surfaces studied. 

The experiments carried out with a-chymotrypsin—treated 
rabbit vessels, particularly those performed at high shear 
rate, in which the percentage of thrombus formed is higher, 
indicate that plasma FN plays an important role in thrombus 
formation. The fact that average thrombus volume was 
significantly reduced in FN-depleted perfusions and that the 
addition of purified FN to the perfusates restored the values 
to those measured in control perfusions, strongly supports 
that plasma FN is not only important for the adhesion of 
platelets to subendothelium, but also for subsequent platelet 
thrombus growth under flow conditions. 

Our results do not agree with those of Houdijk and 
Sixma,” who reported that FN in human artery subendothe- 
lium, but not in plasma, was important for platelet adhesion. 
However, more recently the same investigators found that 
platelet adhesion to endothelial cell matrix presented a 
shear-rate dependent requirement for plasma FN.’ These 
differences in the relative role of plasma FN on platelet 
adhesion can probably be explained by differences between 
the surfaces used for platelet adhesion studies. In our studies, 
we used a@-chymotrypsin—digested rabbit vessels that, as 
assessed by immunofluorescence staining (unpublished 
observation), were found to lack intact subendothelial FN, 
following enzymatic treatment. Preincubation of digested 
vessels with purified human FN did not enhance platelet 
deposition on subendothelium at any shear rate studied. This 
lack of effect may be due to human FN not incorporating 
into the coilagen network of the digested rabbit vessels. This 
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may be caused by differences between animal species or by 
steric hindrance due to remaining FN fragments. 

The experiments performed with the flat chamber using 
fibrillar collagen type IH as a substrate for platelet adhesion 
displayed similar results to those obtained with enzymati- 
cally digested vessel subendothelium. In this system, plasma 
FN was also found to be required for platelet adhesion and 
platelet thrombus formation on collagen coated surfaces, at 
both low and high shear rates. The observation that in both 
experimental systems used, addition of purified FN to the 
perfusates restored the values obtained for control perfusions 
indicating that the effects on platelet deposition were due to 
depletion of plasma FN. 

Until now other plasma proteins such as fibrinogen” and 
von Willebrand factor” have been suggested to play a role in 
platelet-platelet interaction. There is evidence that fibrino- 
gen, von Willebrand factor, and FN bind to the GPHb/HIa 
membrane complex of activated platelets. Recently, various 
investigators explored the role of GPHb/Hla in platelet 
adhesion to subendothelium, using the Baumgartner perfu- 
sion system. Sakariassen et al? showed a defect in platelet 
adhesion at high shear rates after blocking the GPIIb/IIIa 
complex with specific monoclonal antibodies. Furthermore, 
Weiss et al? reported that platelets deficient in GPHb/ Ha 
do not spread normally on the subendothelial surface. How- 
ever, the specific binding site of FN to the GPIIb/IIIa 
receptor and its implications in platelet function are still not 
well understood. Thus, it has been reported that FN binds to 
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specific divalent cation-dependent receptors on washed, 
thrombin stimulated platelets,” but does not bind to ADP- or 
epinephrine-stimulated platelets, whereas, fibrinogen and 
von Willebrand factor do.” These observations suggest sépa- 
rate binding sites for FN in the platelet membrane. More- 
over, Dixit et al” described a monoclonal antibody directed 
against FN that does not interfere with the function of the 
cell binding domain of the FN. The ability of this antibody to 
inhibit platelet aggregation suggests that there is a func- 
tional site present in FN that has a direct role on platelet 
aggregation. Furthermore, the results reported by Parise and 
Phillips’? demonstrate that FN can bind directly to purified 
GPlib/Illa complex, strongly suggesting that it has the 
potential to function as a platelet receptor for FN. 

Our results indicated that under flow conditions plasma 
FN, in addition to supporting platelet adhesion to collage- 
nous subendothelial surfaces and to purified collagen type 
HI, influences platelet thrombus formation. H is feasible that 
binding of FN to GPHb/IHa, or to another putative receptor 
present in activated platelets, favors interaction between 
platelets and contributes to the development of platelet 
thrombi. In conclusion, the results we present here indicate 
that plasma FN is one of the adhesive proteins required for 
platelet thrombus growth under flow conditions. 
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Membrane-Associated Sickle Hemoglobin: A Major Determinant 
of Sickle Erythrocyte Rigidity 


By Evan A. Evans and Narla Mohandas 


Micropipette aspiration tests on single erythrocytes have 
previously shown that the static rigidity (membrane shear 
modulus) of oxygenated sickle cells increased with increas- 
ing hemoglobin concentration, whereas the rigidity of 
normal cells was independent of hemoglobin concentra- 
tion. Moreover, it was observed that after mechanical 
extension, sickle cells exhibited persistent deformation 
more frequently and to a greater extent than normal cells. 
To ascertain if differences in association of normal and 
sickle hemoglobin with the membrane could account for 
these observations, we measured rheologic properties of 
normal membranes reconstituted with sickle hemoglobin 
and sickle membranes reconstituted with normal hemoglo- 
bin. The static rigidity of normal ghosts reloaded with 
sickle hemoglobin was higher than those of either normal 
ghosts reloaded with normal hemoglobin or native normal 
cells. On the other hand, the increased rigidity of native 


TATIC and dynamic deformabilities of erythrocytes are 
important determinants of microcirculatory blood flow 
because they determine the rate of entry of erythrocytes into 
small capillaries, which in turn influences the pressure drop 
across the small vessels and the flow distribution within the 
microcirculation.’* The microrheologic behavior of single 
erythrocytes is governed by both membrane and cytoplasmic 
properties. As such it has been difficult to evaluate whether 
or not sickle cell membrane deformability has been compro- 
mised or altered by the disease independent of the effect of 
sickle hemoglobin polymerization on the cytoplasmic viscosi- 
ty. To determine whether or not the mechanical properties of 
the sickle cell membrane are altered, we previously studied 
static and dynamic deformability properties of normal and 
sickle erythrocytes in the oxygenated state as a function of 
cell hemoglobin concentration.” These studies showed that 
the dynamic rigidity was indistinguishable between oxygen- 
ated normal and sickle cells when examined as a function of 
hemoglobin concentration and that the dynamic rigidity was 
increased markedly with increasing cell hemoglobin concen- 
tration. On the other hand, the static rigidity of sickle cells 
was clearly greater than that of normal cells. Static rigidity 
of sickle erythrocytes increased with increasing hemoglobin 
concentration, reaching abnormally high values at cell hemo- 
globin concentrations above 46 g/dL, while static rigidity of 
normal erythrocytes was independent of hemoglobin concen- 
tration. A striking observation made during these studies was 
that sickle cells exhibited persistent or plastic deformation 
more frequently and to a greater extent than normal cells 
following the static membrane extension test. This type of 
material behavior indicated that there is probably a thin 
hemoglobin gel layer adsorbed to the cytoplasmic face of the 
membrane and that this layer is more developed in sickle 
cells than normal cells at equivalent cell hemoglobin concen- 
trations. 

To further illuminate the influence of membrane-asso- 
ciated hemoglobin on erythrocyte rheology, the following 
experimental approach was undertaken: sickle and normal 
erythrocytes were ghosted and reloaded with the opposite 
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sickle cells decreased to near-normal values following 
reconstitution with normal hemoglobin. Furthermore, we 
observed that normal ghosts reconstituted with sickle 
hemoglobin exhibited persistent bumps after mechanical 
extension, but no bumps formed on normal ghosts recon- 
stituted with normal hemoglobin. Moreover residual bumps 
were not produced on sickle ceils reloaded with normal 
hemoglobin. Since mechanical characteristics peculiar to 
sickle cells could be induced in normal cells by incorpora- 
tion of sickle hemoglobin, and since normal characteristics 
could be restored to sickle cells by incorporation of normal 
hemoglobin, we suggest that the interaction of sickle 
hemoglobin with the cell membrane is responsible for 
augmented static rigidity of oxygenated sickle erythro- 
cytes. 

® 1987 by Grune & Stratton, inc. 


type of hemoglobin solution, and the membrane extensional 
properties were measured. We find that mechanical charac- 
teristics peculiar to sickle cells could be induced in normal 
cells by incorporation of sickle hemoglobin and that normal 
characteristics could be restored to sickle cells by incorpora- 
tion of normal hemoglobin, suggesting that interaction of 
sickle hemoglobin with the cell membrane may be an impor- 
tant determinant of the augmented extensional rigidity of 
oxygenated sickle cells and plastic-like behavior of the 
membrane. 


METHODS 


Cell preparation. Blood was drawn from five patients with 
homozygous sickle cell disease and two normal volunteer donors into 
acid citrate dextrose. To isolate cell populations whose densities (and 
therefore intracellular hemoglobin concentrations) were narrowly 
defined, erythrocytes were separated by using discontinuous Strac- 
tan density gradients (St. Regis Paper Co, Tacoma, WA).”"” The 
density of the Stractan layers ranged from 1.088 to 1.139 g/mL in 
0.009-2/mL increments. Erythrocytes trapped between the inter- 
faces of successive layers were removed with a Pasteur pipette, with 
care to avoid contamination with erythrocytes from the less dense 
regions of the gradient. The isolated erythrocytes were washed three 
times with phosphate-buffered saline (PBS: 10 mmol/L phosphate, 
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pH 7.4, 290 mosm/kg) and resuspended in PBS at a hematocrit of 
5%. Cell hemoglobin concentration of isolated erythrocyte popula- 
tions was determined from spectrophotometric measurements of 
hemoglobin as the cyanomethemoglobin complex and from spun 
hematocrit. 

Hemoglobin solutions for use in reconstitution experiments were 
prepared by lysing at 0°C | vol of well-oxygenated normal or sickle 
cells washed in pH 6.0 phosphate buffer with 9 vol of deionized 
water. The pH of the lysed cell suspension was adjusted to be 
between 6.2 and 6.3 to aggregate cell membranes, and the suspen- 
sion was centrifuged at 18,000 rpm for five minutes in a Sorvall 
RC-2B centrifuge. The supernatant hemoglobin solution was care- 
fully removed and concentrated using a sterile Amicon ultrafiltra- 
tion cell with a DPO2 membrane. The concentrated hemoglobin 
solutions were freshly made for each of the reconstitution experi- 
ments. 

Cytoplasmic reconstitution. To assess the relative contribution 
of altered membrane organization to rheologic properties of sickle 
erythrocytes, we prepared hybrid erythrocytes consisting of normal 
erythrocyte membranes reconstituted with sickle hemoglobin and 
sickle erythrocyte membranes reconstituted with normal hemoglo- 
bin using the exchange hemolysis technique described by Clark and 
Shohet.!! 

in brief, density-fractionated normal or sickle erythrocytes were 
washed once with PBS and once with pH 6.0, 290 mosm sodium 
phosphate solution and placed on ice. One milliliter of washed and 
packed erythrocytes was lysed with 39 mL of ice-cold lysing buffer 
(10 mmoL/L sodium phosphate, pH 6.0 with 1 mmoL/L EDTA and 
0.3 gm/dL dialyzed bovine serum albumin [BSA]). After two 
minutes of incubation on ice, the membranes were spun down and 
the supernatant hemoglobin solution removed. Three milliliters of 
cold-concentrated—donor-hemoglobin solution, previously prepared, 
was added to the membranes and incubated on ice for five minutes. 
Small volumes of concentrated adenosine triphosphate (ATP) and 
MgCl, solutions were added to the membrane preparations to obtain 
final concentrations of | mmol/L Mg** and 250 um ATP. After a 
sufficient volume of concentrated KCI solution (6900 mosm) was 
added to restore the tonicity to 290 mosm, the membrane suspension 
was incubated at 37°C for one hour to promote membrane resealing. 
The reconstituted hybrid erythrocytes were spun on Stractan density 
gradients to obtain cells with hemoglobin concentration greater than 
28 g/dL. 

To verify that the hemoglobin reconstitution procedure did result 
in loading individual cells with the requisite hemoglobin concentra- 
tion, a simple optical density method was developed for use with the 
video microscope system. Absorption of light (at the 436-nm line of a 
mercury source) was quantitated directly by measurement of the 
video voltage levels within the cell image, V, at the thick toroidal 
region or rim of the cell compared differentially with the voltage 
level, V;, in the clear field outside the cell (both voltages adjusted for 
dark field levels).* The fractional absorption, A = (V, — V) INi was 
then normalized by the cell thickness to provide a specific absorp- 
tion, A/d. The cell thickness was measured by manipulation of the 
cell into an edge-on orientation for observation. The specific absorp- 
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*It is important to note that common video cameras have sophisti- 
cated automatic amplification circuits. In general, the system 
adjusts the gain based on the darkest and brightest portions of the 
image. Hence to employ these cameras as we have, it is necessary to 
have a portion of the image field dark (eg, provided by a circular 
aperture just inside video image “box”) and to have a constant 
illumination source (eg, mercury arc lamp). If the illumination is 
changed or the dark border is absent, then the video signa! levels will 
be internally adjusted. 
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tion was measured on ten to 20 cells obtained from discrete Stractan 
density fractions both for native red celis and red cells reloaded with 
various hemoglobin concentrations. The results are cumulated in Fig 
1, which represents a “calibration curve” for conversion of optical 
density to cell hemoglobin concentration with our videomicroscope 
system. Statistical variations represent uncertainty in cell thickness 
measurements (because of diffraction limitations) convolved with 
density variations among cells trapped within a discrete Stractan 
density level. Even though this video intensity method is not very 
accurate, it provides a simple approach for simultaneous evaluation 
of individual cell hemoglobin concentration along with the mechani- 
cal tests. Erythrocyte morphology for this range of optical density 
levels and hemoglobin concentrations is illustrated by the videomi- 
crographs of cells shown in Fig 2. Discoid sickle cells follewing 
reconstitution with normal hemoglobin had discoid morphology. 
Moreover hybrid erythrocytes produced by reconstitution of irre- 
versibly sickled cells with normal hemoglobin continued to exhibit 
irreversibly sickled shape. 

Analytic and experimental approaches to measurement of rheo- 
logic properties. Cells deform by extension and folding limited by 
fixed surface area and volume. As such the static rigidity properties 
of erythrocytes are quantitated by membrane extension and bending 
moduh, « and B; the dynamic rigidities are proportional to the static 
rigidities multiplied by the time constants measured for recevery 
from extension {7,) and folding (7,) deformations divided by the 
deformation time (ie, the capillary entrance time).* Hence because 
of the rapid entry into small capillaries, dynamic resistance is most 
likely the dominant impedance to cell transport through the micro- 
circulation. In addition to these viscoelastic properties of the cell, 
recoverability of the cell shape after deformation characterizes the 
resilience of the cell; plastic or persistent shape changes following 
deformation indicate an altered structural arrangement in the 
membrane that could lead to aberrant cell morphologies such as the 
irreversibly sickle cells (ISC). 

In this study we have focused on the extensional properties of the 
membrane to evaluate possible “thickening” of the membrane by 
membrane-associated hemoglobin and resultant changes in mem- 
brane properties. For cells with normal densities, the static exten- 
sional rigidity, u, is essentially an elastic modulus that characterizes 
reversible membrane deformations, ie. the forces that produce 
extension and recovery follow the same curves with little or no 
hysteresis."'’ For dense cells, on the other hand (especially sickle 
cells), the rigidity u is measured as the stiffness coefficient for 
“loading” or extension of the membrane because there is significant 
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tration in the videomicroscope system. Measurement of specific 
absorbance of an individual cell enables an estimation of its 
hemoglobin concentration. 


SICKLE ERYTHROCYTE MEMBRANE RIGIDITY 





Fig 2. 
hemoglobin concentrations. The hemoglobin concentration of the 
cells shown is as follows: (A) 8 g/dL, (B) 30 g/dL, and (C) 34 
g/dL. 


Videomicrographs of reconstituted cells with varying 


hysteresis observed as the cell is allowed to recover.* After removal of 
the forces for extension, there is often persistent or residual deforma- 
tion. These inelastic effects are characteristic of a gel-like material 
(ie, with a plastic-like yield stress). In the dynamic recovery after 
cells are released from extensional deformations, the shape recovery 
process is driven by membrane elasticity but is limited by viscous 
dissipation in the membrane and in the cytoplasmic and extracellu- 
lar media. Since the cytoplasmic viscosity is nearly an order of 
magnitude larger than that of the extracellular medium, the exten- 
sional recovery time is approximately given by”: 


Te ~ (üm + Mp X d/2)/a 


where na is the membrane surface viscosity (dyn-s/cm); ny» is the 
cytoplasmic viscosity (dyn-s/cm’*); d is the characteristic thickness 
of the cell. For hemoglobin concentrations from 33 to 40 g/dL, the 
viscosity ranges from 0.06 to 0.3 dyn-sec/cm’."* Based on a cell 
thickness dimension of about 2 x 10~‘ cm and the membrane elastic 
modulus measured for normal cells of 6 x 10°’ dyn/cm, we would 
expect that cells should recover their initial shapes after extension in 
about 10~* to 10°? seconds for this range of hemoglobin concentra- 
tions if there were no membrane dissipation. However, the observed 
recovery times are 10°' seconds or greater, which indicates that 
membrane viscous dissipation is dominant and that cytoplasmic 
viscosity can be neglected. During this study we have tested this 
conclusion with the use of a cytoplasmic reconstitution method (and 
by attempting to alter the extent of hemoglobin association with the 
membrane at constant bulk cytoplasmic hemoglobin concentration). 
Here it is emphasized that “membrane” includes all intrinsic 
molecular structures (eg, the amphiphilic molecular double layer or 
plasmalemma) plus extrinsic or associated structures (eg, the spec- 
trin network or membrane skeleton and associated or trapped 
hemoglobin). 

Details of the micromechanical system and tests used to measure 
erythrocyte mechanical properties have been previously described.” 
Briefly, the membrane extensional rigidity was derived from obser- 
vation of the cell length aspirated into a small micropipette in 
proportion to the increase in suction pressure P. Analysis of this 
experiment has shown that u is proportional to the derivative of the 
pressure with respect to length: 


wa R} x dP/dL 


where R, is the pipette inner radius. 

The dynamic time constant for recovery 7, following extensional 
deformations was derived from tests where erythrocytes were 
extended end to end by diametrically opposed pipettes. The cells 
were quickly released and the ratio of length to width was measured 
as a function of time. The time constant for recovery was derived 
from correlation of the analytic model for viscoelastic behavior of the 
red cell membrane with the observed length-to-width recovery." 
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Table 1. Static Extensional Rigidity of Intact Normal and Sickle 
Erythrocytes as a Function of Cell Hemoglobin Concentration 








Shear Modulus 

Erythrocytes (x 10 * dyn/cm) 
Normal 

32 g/dL 7.8 + 0.85 

42 g/dl 8.6 + 1.5 
Sickle 

32 g/dL 9.2 + 2.6 

43.3 g/dL 16.5 + 2.7 

44.4 g/dL 21.0 + 7.8 








Values are mean + SD. 


Rheologic properties of 20 intact cells from each density fraction and 
at least 20 variously reconstituted cells were measured 


RESULTS 


Membrane extensional rigidity of native and hybrid 
erythrocytes. The measured values for static extensional 
rigidity (u) of density-fractionated intact normal and sickle 
erythrocytes are shown in Table | for narrowly defined 
ranges of cell hemoglobin concentration. The shear modulus 
of normal erythrocytes was independent of cell hemoglobin 
concentration, while that of oxygenated sickle erythrocytes 
increased with increasing cell hemoglobin concentration. 
The shear modulus of sickle erythrocytes with hemoglobin 
concentration of 44.4 g/dL was 2.5-fold higher than that of 
either normal erythrocytes or sickle erythrocytes with a 
hemoglobin concentration of 32 g/dL. 

The shear modulus values for variously reconstituted 
hybrid erythrocytes is shown in Table 2. The elastic shear 
modulus of normal membranes reconstituted with normal 
hemoglobin was the same as that of intact norma! erythro- 
cytes. In contrast, normal erythrocytes reconstituted with 
sickle hemoglobin exhibited higher values of extensional 
rigidity compared to normal membranes reconstituted with 
normal hemoglobin (13.1 v 8.6 x 10° dyn/cm). The magni- 
tude of the shear modulus value appeared to depend on the 
hemoglobin concentration of the reconstituted cells. The 
higher the hemoglobin concentration (as judged by video 
intensity measurements), the larger the shear modulus of 
normal erythrocytes reconstituted with sickle hemoglobin 
The shear modulus of sickle membranes derived from either 
low- or high-density sickle cells and reconstituted with 
normal hemoglobin was very similar to that of normal 
erythrocytes. The reconstitution of membranes from sickle 
erythrocytes with a hemoglobin concentration of 44.4 g/dL 
with normal hemoglobin resulted in the decrease of shear 


Table 2. Static Extensional Rigidity of Reconstituted Normal and 











Sickle Erythrocytes 
Shear Modulus 
(x 10 * dyn/cm) 
Normal membranes + normal hemoglobin 8.7 + 1.3 
Normal membranes + sickle hemoglobin 13.1 + 2.9 
Sickle membranes from high-density 
cells (44.4 g/dL) + normal hemoglobin 10.1 + 2.3 








Values are mean + SD. 
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modulus value from 21.0 to 10.1 x 10°? dyn/cm. The 
reconstitution procedure used during these studies was con- 
sidered successful, since cell morphologies appeared 
unchanged; also, both optical density and edge-on observa- 
tion of cells indicated a large hemoglobin uptake; and normal 
cells reloaded with sickle hemoglobin sickled upon deoxygen- 
ation, while sickle cells reloaded with normal hemoglobin did 
not. 

Reversibility of membrane deformation. During the 
micromechanical measurement of membrane extensional 
rigidity, we also observed that the curves for aspirated length 
v suction pressure (which are used to derive the value for 
Shear modulus) exhibited different patterns for variously 
reconstituted cells (Figs 3 and 4). For normal membranes 
reconstituted with normal hemoglobin, the relationship 
between aspirated length v suction pressure was the same 
during increasing aspiration pressure (loading phase) and 
during decreasing aspiration pressure (unloading phase, Fig 
3 A). The identical relationship observed between the two 
variables during both phases of loading and unloading indi- 
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Fig 3. Plot of membrane tension DP x RP/2 (dynes per 
centimeter, abscissa) v the aspiration length normalized by the 
pipette radius (L/RP) in the micropipette suction experiment. DP 
is the aspiration pressure; L, the aspirated cell length; and RP, the 
inner radius of the micropipette. The dark circles are the loading 
phase of the experiment: the slope of the Straight-line fit shown 
here gives the modulus of extensional rigidity for the cell mem- 
brane. The open circles are the unloading phase of the aspiration 
experiment; the difference between the loading and unloading 
phases represents the lethargic recovery of the cell membrane 
after extension for periods of time from two to three minutes. The 
data shown here are for (A} normal membranes reconstituted with 
normal hemoglobin; and (B) normal membranes reconstituted with 
sickle hemoglobin. 
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Fig 4. Plot of membrane tension DP x RP/2 (dynes per 
centimeter, abscissa) v the aspiration length normalized by the 
pipette radius (L/RP) in the micropipette suction experiment. DP 
is the aspiration pressura; L, the aspirated cell length: and RP. the 
inner radius of the micropipette. The dark circles are the loading 
phase of the experiment: the slope of the Straight-line fit shown 
here gives the medulus of extensional rigidity for the cell mem- 
brane. The open circles are the unloading phase of the aspiration 
experiment; the difference between the loading and unloading 
phases represents the lethargic recovery of the cell membrane 
after extension for periods of time from two to three minutes. The 
data shown here are for {A) sickle membranes from the low- 
density fraction reconstituted with normal hemoglobin: and (B) 
sickle membranes from the high-density fraction reconstituted 
with normal hemoglobin. 


cates the true elastic behavior of this membrane. In contrast, 
for normal membranes reconstituted with sickle hemoglobin, 
the curve of aspirated length v suction pressure was marked] y 
different during loading and unloading phases (Fig 3 B). The 
detection of hysteresis associated with the loading and 
unloading phases indicates that the normal membrane recon- 
stituted with sickle hemoglobin underwent plastic-lke 
behavior. Similar material behavior was previously seen by 
us for all sickle erythrocytes irrespective of cell hemoglobin 
concentration.’ When reconstituted sickle cells were exam- 
ined, we found that sickle membranes from the low-density 
fraction reconstituted with normal hemoglobin exhibited 
elastic behavior (Fig 4 A), while sickle membranes from the 
high-density fraction reconstituted with norma! hemoglobin 
exhibited plastic-like behavior (Fig 4 B). 

The plastic-like behavior of the membrane observed dur- 
ing these studies was also reflected by residual, persistent 
bumps on the membrane surface following the release of the 
cell from the pipette (Fig 5). To further assess the roles of 
sickle hemoglobin interaction with the membrane and of 
alterations in membrane skeletal organization in inducing 
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Fig 5. 
extension. (A) Videomicrograph of pipette aspiration of a normal 
cell reconstituted with sickle hemoglobin. (B) Videomicrograph of 
the same cell following its release from the micropipette. The 
residual, persistent bump on the membrane surface following the 
release of the cell from the pipette can be clearly seen. 


Persistent or residual bumps following mechanical 


this plastic-like behavior, we determined the fraction of 
variously reconstituted cells exhibiting persistent bumps 
following extensional deformation (Table 3). A vast majority 
(97%) of normal membranes reconstituted with sickle hemo- 
globin exhibited persistent or residual bumps following 
extensional deformation, whereas none of the normal mem- 
branes reconstituted with normal hemoglobin exhibited such 
material behavior. Sickle membranes from low-density sickle 
erythrocytes reconstituted with normal hemoglobin also did 
not exhibit persistent deformation (3%). Interestingly we 
found that sickle membranes derived from hyperdense sickle 
erythrocytes and reconstituted with normal hemoglobin 
exhibited persistent bumps following extensional deforma- 
tion (85%). 

Dynamic response to extension of native and hybrid 
erythrocytes. The dynamic response of intact and reconsti- 
tuted cells to extensional deformation was determined by 
quantitating the time constant for recovery of the unstressed 
shape following deformation. To accomplish this, an individ- 
ual cell was extended end to end by diametrically opposed 
pipettes such that little buckling or curvature change of the 
membrane surface took place; then the cell was quickly 
released and the length-to-width recovery time was analyzed. 


Table 3. Residual or Persistent Bumps on Reconstituted Cells 
Following Extensional Deformation 





No. of Cells With Cells With 
Calis Studied Residual Bumps Residual Bumps (%) 





Normal membranes 
+ normal hemo- 


globin 30 o 0 
Normal membranes 

+ sickle hemo- 

globin 30 29 97 


Sickle membranes 

from low-density 

cells (32 g/dL) + 

normal hemoglo- 

bin 30 1 3 
Sickle membranes 

from high-density 

cells (44.4 g/dL) 

+ normal hemo- 

globin 20 17 85 
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Table 4. Time Constants for Recovery from Extensional 
Deformation for Intact and Reconstituted Erythrocytes 


Recovery Time 
(s) 


Sickle erythrocytes 
32 g/dL 0.12 + 0.03 
42 g/dL 0.73 + 0.19 
43.3 g/dL 1.20 + 0.42 
Normal membranes + normal hemogiobin 0.09 + 0.04 
Normal membranes + sickle hemoglobin 0.08 + 0.02 


Sickle membranes from high-density cells 


(43.3 g/dL) + normal hemoglobin 0.09 + 0.04 


Values are mean + SD. 


The time constant for extensional recovery was derived from 
the best fit of the viscoelastic model of the observed data.” 
Time constants for recovery from extensional deformation 
for intact and reconstituted cells are shown in Table 4. The 
time constant for extensional recovery was strongly depen- 
dent on hemoglobin concentration for both normal and sickle 
erythrocytes, a finding consistent with our previous data.” As 
the cell hemoglobin concentration increased from 32 g/dL to 
43.3 g/dL, the recovery times of oxygenated sickle cells 
increased from 0.12 to 1.2 seconds. The time constant for 
extensional recovery for variously reconstituted cells was 
very similar and was slightly less than that measured for 
low-density normal and sickle cells (0.09 second v 0,12 
second for intact cells). Normal membranes reconstituted 
with either normal or sickle hemoglobin and sickle mem- 
branes reconstituted with normal hemoglobin all exhibited a 
time constant for extensional recovery of about 0.09 second. 
Moreover the time constant for extensional recovery was 
unaltered when cells were reconstituted with either normal 
or sickle hemoglobin in the concentration range of 8 to 3] 
g/dL, although cytoplasmic viscosity is changed by sixfold 
over this range of hemoglobin concentration. 


DISCUSSION 


Measurement of rheologic properties of reconstituted nor- 
mal and sickle erythrocytes has enabled us to identify an 
important role for sickle hemoglobin interaction with the cell 
membrane in determining the extensional rigidity and plas- 
tic-like behavior of the sickle erythrocyte membrane. Our 
finding that the shear modulus of normal cells is increased 
following reconstitution with sickle hemoglobin and that the 
augmented shear modulus of sickle cells is decreased to 
normal values following reconstitution with normal hemoglo- 
bin implies that sickle hemoglobin interaction with the 
membrane is a major determinant of increased shear mod- 
ulus of oxygenated sickle cells. Furthermore the finding that 
low-density sickle cells no longer exhibit plastic-like behavior 
following reconstitution with normal hemoglobin and that 
normal membranes that previously exhibited elastic behavior 
can be made to undergo plastic deformation following recon- 
stitution with sickle hemoglobin suggests that sickle hemo- 
globin interaction with the membrane may also be responsi- 
ble for the plastic-like behavior of intact cells. However, our 
inability to eliminate the plastic-like behavior of dense sickle 
cells following reconstitution with normal hemoglobin sug- 
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gests that either continued association of sickle hemoglobin 
with the membrane or irreversible alterations in skeletal 
protein associations may also contribute to the plastic defor- 
mation of the subpopulation of sickle cells. 

Increased association of sickle hemoglobin with the eryth- 
rocyte membrane has previously been documented by a 
number of investigators.’ Using the spin-label electron 
paramagnetic resonance technique, Fung et al? and Fung 
and Lilley”! showed enhanced binding of sickle hemoglobin 
to membrane at physiologic pH when compared to normal! 
hemoglobin. Eisinger et al,” using resonance energy transfer 
measurements on intact, oxygenated sickle erythrocytes, 
showed that concentration of sickle hemoglobin proximal to 
the membrane (h,) was significantly higher than the bulk 
hemoglobin concentration in the cytoplasm (h,) and that the 
ratio of these two concentrations (h,/h,) increased from 1.0 
to 1.5 as cell hemoglobin concentration increased from 34 
g/dL to 45 g/dL. This increase in sickle hemoglobin concen- 
tration near the membrane was not seen in ghosts. In 
contrast, in normal erythrocytes, hemoglobin concentration 
proximal to the membrane was less than the bulk hemoglobin 
concentration (h,/h, = 0.7): and the ratio of h, to h, did not 
change as the cell hemoglobin concentration increased from 
34 to 42 g/dL. These findings of a concentration-dependent 
increase in the association of sickle hemoglobin but not of 
normal hemoglobin with the membrane, as well as the 
reversible nature of the hemoglobin interaction with the 
membrane, are consistent with our rheologic data. The 
hemoglobin binding data lend strong support to our sugges- 
tion that the augmented extensional rigidity of sickle cells 
and their increased tendency to undergo plastic-like behavior 
may be mediated by the increased interaction of sickle 
hemoglobin with the membrane. 

The finding that dense dehydrated sickle cells continue to 
exhibit plastic-like behavior following reconstitution with 
normal hemoglobin implies that either strong association of 
sickle hemoglobin with these membranes or alterations in 
normal membrane skeletal protein organization may be 
responsible for this type of material behavior. Biochemical 
evidence to support both these types of membrane changes 
has previously been identified in dense dehydrated sickle 
cells. With the present data it is difficult to determine the 
relative contributions of these two membrane alterations to 
the observed material behavior of dense sickle cells. It should 
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be noted, however, that following reconstitution with normal 
hemoglobin the extensional rigidity of this subpopulation of 
sickle cells showed marked decrease, implying that reversible 
association of sickle hemoglobin with the membrane is still 
the dominant cause of the increased static rigidity of dense 
sickle cells. 

The dynamic rigidity of intact normal and sickle cells, 
quantitated by measuring time constants for extensional 
recovery, was found to be strongly dependent on cell hemo- 
globin concentration, data consistent with our prior observa- 
tions.” The finding that the time constant for extensional 
recovery was unaltered when cells were reconstituted with 
either normal or sickle hemoglobin in the concentration 
range of 8 to 3} g/dL while the cytoplasmic viscosity is 
changed by sixfold over this range of hemoglobin concentra- 
tion lends support to earlier theoretical calculations that 
membrane viscosity and not cytoplasmic viscosity is the key 
determinant of energy dissipation during recovery from 
extensional deformation.*'** The marginal decrease in 
extensional recovery times for reconstituted cells compared 
to intact cells (0.09 second v 0.12 second) suggests loss of 
some membrane-bound material during the lysing and re- 
loading procedure. Similar decreases in recovery times for 
ghost membranes have previously been seen by other investi- 
gators.” 

From our current studies it is clear that rheologic proper- 
ties of oxygenated sickle cells are strongly influenced by 
hemoglobin interaction with the cell membrane. The aug- 
mented extensional rigidity of sickle cells and their increased 
tendency to undergo plastic deformation appears to be the 
result of increased concentration of sickle hemoglobin adja- 
cent to the membrane. The data we have obtained also 
provide some new insights into the biophysical consequences 
of the previously described interaction between sickle hemo- 
globin and cell membrane. 
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c-fos Oncogene Expression in Human Hematopoietic Malignancies 
Is Restricted to Acute Leukemias With Monocytic Phenotype 
and to Subsets of B Cell Leukemias 


By Antonio Pinto, Giulia Colletta, Luigi Del Vecchio, Rita Rosati, Vincenza Attadia, 
Renato Cimino, and Alfonso Colombatti 


To evaluate relationships between c-fos proto-oncogene 
expression and specific lineages of hematopoietic differen- 
tiation we analyzed the constitutive and TPA-induced 
expression of the c-fos gene in a wide variety of fresh 
human leukemic cells. 

High constitutive c-fos expression was detected in acute 
leukemias with monocytic phenotype (FAB M4/ M5) and in 
subsets of B lymphoid leukemias, some of which coex- 
pressed B lymphocytic and monocytic markers. Converse- 
ly, low basal levels of c-fos transcripts were found in pure 
acute granulocytic leukemias (FAB M1/M2/M3), in ery- 
throleukemias (FAB M6), in the great majority of B, and in 
all T lymphoid leukemias. TPA-induced c-fos expression 
seems to correlate with monocytoid differentiation only 


HANGES in oncogene expression have been described 

in hematopoietic cells as linked to cell growth or 
differentiation. In vitro induction of differentiation of 
murine and human leukemic cells by agents such as di- 
methylsulfoxide (DMSO),*° retinoic acid (RA),* tetra- 
decanoil phorbol acetate (TPA), 1,25-(OH), D,’ hexa- 
methylenebisacetamide (HMBA),’ or physiologic regulators 
like colony-stimulating factor (CSF),'*"! is in fact associated 
with a decreased expression of the previously overexpressed 
oncogenes c-myc and c-myb. These changes have been 
related to the observed inhibition of cell proliferation rather 
than to the induction of differentiation toward a specific 
lineage. Only recently a number of reports have appeared 
that link the expression of cellular oncogenes to a specific 
pathway of hematopoietic differentiation. Increasing 
amounts of two cellular oncogene transcripts, c-fos and 
c-fms, accumulate in hematopoietic cells as the monocytic 
maturation proceeds.'*'* Induction of differentiation of 
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when sustained levels of transcripts (ie, detectable for at 
least 24 hours) were dotected. Sustained c-fos expression 
was in fact observed only in those myeloid or lymphoid cells 
that acquired a stable monocyte-like phenotype in 
response to the phorboi ester. These results indicate that 
high constitutive c-fos expressicn may identify myelo- 
monocytic-oriented forms of leukemia, specific subsets of 
B lymphoid malignancies, and at least some cells terminally 
differentiated in vitro to a monocyte-like phenotype. c-fos 
oncogene expression can therefore be regarded as an 
additional marker for the subclassification of human leuke- 
mias. 

® 1987 by Grune & Stratton, inc. 


murine myelomonocytic cells WEHI-3 into macrophages by 
CSF and actinomycin D is accompanied by a remarkable 
increase in c-fos transcripts, maximal three days after induc- 
tion.” Furthermore a rapid induction of the c-fos oncogene 
has been reported during TPA-induced monocytic differen- 
tiation in human cell lines HL-60"""* and U-937." In this 
case the kinetics of induction was quite different, since c-fos 
transcripts reach their maximal levels 30’ to 40 following 
TPA exposure and decrease rapidly thereafter to levels 
significantly superior to those of uninduced cells. According- 
ly, high levels of c-fos RNA transcripts have been detected in 
primary cultures of mouse peritoneal macrophages.” On the 
other hand, no increase in c-fos transcripts was observed 
when HL-60 cells were induced to differentiate into granulo- 
cytes by DMSO." These observations suggest that c-fos 
expression is associated with differentiation along the mono- 
cyte/macrophage pathway and that the fos oncogene may 
play a role in different events occurring during monocytic 
maturation. s 

Most of these studies have been conducted on established 
leukemic cell lines, adapted to grow in vitro for a long time, 
whose behavior may not necessarily reflect all events oceur- 
ring in leukemic cells in vivo. Conversely, the analysis of 
fresh cell samples from a wide variety of leukemias, a disease 
regarded as a clonal expansion of cells reflecting the pheno- 
types of normal hematopoietic cells at various stages of 
maturation,'”'* may represent a more useful approach by 
which to investigate the lineage-specific expression of the fos 
oncogene and may provide some hints on the pathophysiol- 
ogy of hematologic malignancies. Our results show that 
constitutive c-fos expression in human hematopoietic tumors 
is restricted to myeloid cells displaying markers of monocytic 
differentiation and to subsets of B cell malignancies, some of 
which coexpress lymphocytic and monocytic markers. 


MATERIALS AND METHODS 
Isolation of leukemic cells. Fresh leukemic cells were obtained 


from the peripheral blood or bone marrow of patients diagnosed as 
having acute nonlymphoid leukemia (ANNL), acute lymphoid 
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leukemia (ALL), chronic lymphocytic leukemia (CLL), prolympho- 
cytic leukemia (PLL), and hairy cell leukemia (HCL). All samples 
were collected before chemotherapy and after informed consent. 
Diagnoses were based on cell morphology plus standard cytochemi- 
cal stainings, and acute leukemias were classified according to the 
French-American-British (FAB) criteria’ in acute myeloid /granu- 
locytic leukemia (AML; FAB M1, M2, M3), acute myelomonocytic 
leukemia (AMML,; FAB M4), acute monocytic leukemia (AMoL-; 
FAB M5), and acute erythroleukemia (AEL: FAB M6). Only 
patients who had at least 80% of leukemic cells in peripheral blood or 
bone marrow were chosen as donors. 

Mononuclear cells were purified on a Ficoll-Hypaque (FH) 
gradient and subjected to two cycles of adherence on a plastic culture 
dish for one hour at 37°C. Such procedure yielded a population of 
leukemic cells more than 90% pure and virtually free of contaminat- 
ing normal monocytes as revealed by May-Griinwald-Giemsa 
(MGG) and cytochemical stainings of cytospin preparations. Leu- 
kemic cells were processed for RNA extraction soon after Ficoll 
purification to evaluate constitutive c-fos expression or were cul- 
tured in the presence of TPA as described below. 

Culture conditions and in vitro differentiation. Fresh leukemic 
cells were seeded at a concentration of | x 10°/mL in tissue culture 
dishes (Falcon) in RPMI 1640 medium supplemented with 10% 
heat-inactivated fetal calf serum (FCS, Flow Laboratories Inc, 
Irvine Ayrshine, UK) and 4 mmol/L glutamine. TPA (Sigma 
Chemical Co, St. Louis} dissolved in DMSO was added to a final 
concentration of 20 ng/mL. Control cultures were grown in 0.002% 
DMSO. After 30’ or 24 hours of incubation at 37°C in a humidified 
atmosphere of 5% CO, in air, control and TPA-treated cells were 
collected, washed twice in cold RPMI, and processed for RNA 
extraction as described below. Control and TPA-treated myeloid 
cells were stained for sodium fluoride (NaF) inhibitable naphthyl- 
acetate-esterase (a-NAE) and napthal-ASD-chloroacetate esterase 
(N-ASD-CAE) as previously described.” The percentage of adher- 
ent cells in myeloid leukemic cells following TPA exposure was 
evaluated as previously reported.”’ U-937 cells were maintained in 
RPMI 1640 complete medium and subcultured twice weekly. 

Immunophenotypic characterization of leukemic cells. Leu- 
kemic cells were characterized by a panel-of monoclonal antibodies 
(MoAbs) either immediately after Ficoll purification or after cul- 
ture in the presence or absence of TPA. MoAbs recognizing 
antigenic specificities of different blood cell lineages and grouped 
into “clusters of differentiation” (CD) according to criteria of the IH 
International Conference and Workshop on Leukocyte Antigens 
(Oxford, 1986) were either a gift of Dr G. Rovera from Wistar 
Institute, Philadelphia (55.25, $5.7)” or were obtained through 
commercial sources: OKM1, OKB2, OKT11, OKT6, OKT8, OKT3, 
OKT4 (Ortho Pharmaceuticals Corp, Raritan, NJ); anti- HLA-DR, 
Leu-10 (HLA-DQ), Leu-1, anti-IL-2R (interleukin 2 receptor), 
anti-TrR (transferrin receptor) (Becton Dickinson Co, Sunnyvale, 
CA); B4, MO2, MY7, MY9 (Coulter Immunology, Hialeah, FL); 
BA-2 (p24 Ag), 33.1 CHLA-DQ), BA-3 (CALLA) (Hybritech Inc, 
San Diego); fluorescein-conjugated (FITC)-conjugated goat 
(FAB’), antihuman Ig, IgA, IgM, IgD, IgG, k (Kallestad, Austin, 
TX). In all cases 0.5 x 10° leukemic cells in a volume of 100 uL were 
incubated at 4°C for 30° with different MoABs at the appropriate 
dilution. Cells were then washed three times with phosphate- 
buffered saline (PBS) and incubated at 4°C for an additional 30’ 
with FITC-conjugated goat antimouse Ig (Ortho). After three more 
washings in PBS cells were analyzed by means of a flow cytometer 
(Ortho, Spectrum, IL). For cytoplasmic Ig (Cylg) analysis, cytospin 
preparation were fixed in methanol/acetone (3:1) for 9 at — 20°C 
prior to FITC-conjugated goat antihuman IgM application. Cells 
were then observed under an epifluorescence UV microscope 
(Zeiss). 
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RNA extraction and hybridization. Total cellular RNA was 
extracted from leukemic cells either soon after Ficoll purification or 
after 30’ and 24 hours of culture in the presence of 20 ng/mL TPA 
by the guanidium hydrochloride method.” Total RNA (5 ug/lane) 
was fractionated on 1% agarose gel containing 2.2 mol/L formalde- 
hyde in MOPS buffer and transferred onto nitrocellulose filter. 

The RNA bound to nitrocellulose was prehybridized for four 
hours at 42°C (in 1% glycine, 40% formamide, 5X SSC, 50 mmol/L 
NaH,POQ, pH 6.5, 250 ng/mL sonicated salmon sperm DNA, IX 
Denhardt’s solution and hybridized for 12 to 16 hours at 42°C (in 
50% formamide, 2X SSC, 40 mmol/L NaH,PO, pH 6.5, 200 
ug/mL salmon sperm DNA, 10% dextran sulphate, 10 mmol/L 
EDTA, 0.1% SDS) with 3 x 10° cpm of PP nick-translated purified 
DNA fragments (2 x 10° cpm/ug of DNA). The oncogene-specific 
probes used were v-fos (pBR322 1.0 Kb Pst! insert“ and v-ras 
(clone HiHi 3 pBR322 1.0 Kb Hinc II fragment).” The size of the 
c-fos transcripts was determined relatively to 18S and 285 rR NA 
markers, which were assumed to correspond to 1.8 and 4.5 Kb, 
respectively. For dot-blot hybridization studies different amounts of 
total cellular RNA were denatured and diluted in 10X SSC and 
spotted onto nitrocellulose by means of a dot-manifold apparatus 
(Schleicher & Schuell). Filters were than baked and hybridized to 
6x 10° cpm of oncogene-specific “YP nick-translated probes as 
described for Northern blots. Filters were washed two times in 2X 
SSC at room temperature for 20 minutes, two times in 05X SSC, 
0.1% sodium dedecyl sulfate (SDS) at 50°C for 30 minutes, and 
finally four times in 2X SSC at room temperature for ten minutes. 
Levels of c-fos RNA were expressed as arbitrary units (au) relative 
to the levels of c-fos RNA present in uninduced U-937 cell line set 
arbitrarily to 1.0. The specificity of the hybridization experiments 
with the c-fos probe and the possibility of RNA miscalibration or of 
a TPA-induced aspecific increased or decreased transcription were 
assessed by hybridizing the same blots with a different probe specific 
for the c-ras” oncogene that represented the internal calibration of 
the system. 


RESULTS 


Basal expression of the c-fos oncogene in myeloid 
cells. Constitutive expression of c-fos oncogene in human 
myeloid cells was investigated by evaluating the presence of 
c-fos-specific transcripts in leukemic samples from 16 
patients with various forms of ANLL. An example of 
dot-hybridization assay of RNA extracted from myeloid 
leukemias is shown in Fig 1. Cells obtained from leukemia 
subtypes FAB M4 and M5 expressed levels of c-fos up to 
tenfold higher than those detectable in other FAB subtypes. 
Conversely c-ras" expression did not show any significant 
variation among the different leukemia samples (Fig 1). 

In Table 1 relative levels of c-fos expression in all the 17 
leukemic samples (both peripheral blood and bone marrow 
were examined in patient No. 2) are reported, along with 
a-NAE activity and OKMI/CDilb and MO2/CDI4 
MoAbs binding. The range of c-fos expression within the 
AMML/AMol group (FAB M4, M5) varied from 3.8 to 9.9 
au. On the other hand, pure granulocytic leukemias (FAB 
M1, M2, M3) and the two erythroleukemic samples (FAB 
M6) studied expressed lower levels of c-fos transcripts (0.2 to 
1.9 au). 

By comparing the levels of c-fos expression with the 
differentiation markers on leukemic cells, it appears that 
there was a strong correlation between the presence of “true” 
monocytic markers (a-NAE and MO2/CDI4) and high 


PINTO ET AL 


Fig 1. Basal levels of c-fos and c-ras“ oncogene 
expression in human myeloid leukemia cellis as 
detected by dot-biot hybridization. RNAs were 
obtained from the following samples (see Tabie 1): 
AML FAB M2 (patient no. 1, patient no. 2/PB), AMML 
FAB M4 (patient no. 8, patient no. 10), AMoL FAB M5 
(patient no. 11, patient no. 14), AEL FAB M6 (patient 
no. 15), AML FAB M1 (patient no. 3). For details on 
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Table 1. c-fos Expression in Human Myeloid Leukemic Celis 














Patient Celi c-fos 

No. (FAB) Source OKMI MO2 = a-NAE fau) 
1 AML M2 (PB) 28* 2 7t 1.9} 
2 AML M2 (PB) 48 10 10 0.9 
2 AML M2 (BM) 33 NT 11 2.0 
3 AML M1 (PB) 3 1 8 0.4 
4 AML M2 {PB} 30 35 12 0.3 
5 AML M3 (BM) 18 1 NT 0.2 
6 AML M2 (PB) 22 12 NT 0.7 
7 AMML M4 (PB) 36 48 57 
8 AMML M4 (PB) 40 56 38 
9 AMML M4 (BM) 34 NT 50 

10 AMML M4 (PB) 18 50 48 

11 AMoL M5 (PB) 20 57 78 

12 AMoL M5 (BM) 80 69 80 

13 AMolL M5 {PB} 60 58 70 

14 AMoL M5 (PB) 43 61 63 

15 AEL M6 {BM} 15 NT 6 

16 AEL M6 (BM) 28 1 NT 








Abbreviations: a-NAE, a-naphthy! acetate esterase; AML, acute 
myeloid leukemia (FAB M1, M2, M3); AMML, acute myelomonocytic 
leukemia (FAB M4): AMoL, acute monocytic leukemia (FAB M5): AEL, 
acute erythroleukemia (FAB M6): PB, peripheral blood: BM, bone 
marrow; NT, not tested. 

“Percent of positive cells determined by indirect immunofluorescence 
using an Ortho Spectrum ill flow cytometer. Fresh leukemic cells were 
analyzed soon after Ficoll purification. 

tPercent of positive cells. Fresh leukemic cells were analyzed soon 
after Ficoll purification. 

tlevels of RNA quantitated by dot-blot hybridization followed by 
densitometric scanning of autoradiographic spots and expressed as 
arbitrary units (au) relative to the levels of c-fos RNA present in uninduced 
U-937 cell line set arbitrarily to 1.0. Values > 2 au are encased. 





RNA isolation and hybridization, see Materials and 
Methods. 


levels of c-fos expression. On the contrary, no correlation was 
found between c-fos expression and the panmyeloid antigen 
(CDI1b) recognized by the OKM1 antibody. The restriction 
of constitutive c-fos expression to cells belonging to the 
monocytic lineage indicates that basal levels of c-fos tran- 
scription might be directly related to the presence on 
leukemic cells of monocyte-restricted markers such as 
sodium fluoride inhibitable a- NAE and the binding of the 
MO2/CD14 antibody. 

Basal expression of c-fos oncogene in lymphoid cells. c- 
fos expression was evaluated as described for myeloid cells: 
an example of dot-blot hybridization of RNA from lymphoid 
malignancies with a v-fos and a v-ras“ probe is shown in Fig 
2. c-ras“ RNA levels did not show any appreciable variation 
among the different leukemias examined. On the contrary, 
some of the samples revealed levels of c-fos expression up to 
sixfold higher than those detectable in other leukemic cells of 
the same subtype. In Table 2 relative levels of c-fos expres- 
sion in all the 17 samples of lymphoid leukemias studied are 
shown, along with the phenotypic characterization per- 
formed with MoAbs against lymphoid and myeloid antigens. 
Low levels of c-fos expression (<2 au) were detected in El of 
17 samples without specific distribution relatively to the 
lineage or stage of differentation. Higher levels, comparable 
to those of myelomonocytic leukemias, were observed in six 
cases, all of B lineage. Among those, B CLL patients No. 26 
and 27 displayed, together with lymphoid markers, at least 
four monocytic antigen (OKM!/MOI/CDI1b, MY7/ 
CDw13, and MY4/CD14); the pre-pre B leukemia harbor- 
ing the t(4:1 1) translocation, patient No. 20, showed positiv- 
ity for four monocytic markers (OKMI/MO1/CD11b, 
MY9/CD36, MY7/CDw13) and a-NAE. Cells from a 
patient with HCL displaying positivity for the OKMI1 and 
Leu-M5 markers also highly expressed c-fos transcripts. 
Among lymphatic leukemias without concomitant expres- 
sion of monocytic markers, high level of c-fos transcripts 
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Fig2. Basal levels of c-fos and c-ras" oncogene B-CLL -i 


expression in human lymphoid leukemia celis as 
detected by dot-blot hybridization. RNAs were 
obtained from the following samples {see Table 2): 
cALL (patient no. 18, patient no. 19), B CLL (patient HCL 
no. 24, patient no, 25), B CLL (patient no. 26, 











patient no. 23), HCL (patient no. 29), CALL t(4,11) cALL t(4:11) 
{patient no. 20). For details on RNA isolation and o i es ES 
hybridization, see Materials and Methods. c-fos C-Tas& 
were detected only in the most immature of the cases c-fos expression during TPA-induced monocytic and lym- 
examined, ie, a B-committed ALL (patient No. 17) and in phoid differentiation. Cells from 22 patients with different 
cells from a PLL (patient No. 28). Both acute and chronic T forms of leukemias (Table 3) were exposed in vitro to 20 
lymphoid leukemias showed a c-fos expression slightly ng/mL TPA, and total cellular RNA was extracted at 30° 
higher than uninduced U-937 cells (<2.0 au). and 24 hours and hybridized to fos and ras“ probes. Specific 
Table 2. c-fos Expression in Human Lymphoid Leukemic Cells 
Patient Call 
No. Source FAB B4 CALLA Cyig Smig HLA-DR OKM1 MO1 MY4 MY? MYS ao NAE o-fos 
17 Bcommitted (PB) Lt 29° 1 0 4 42 NT 5 1 2 1 NT [3.5] 
18 Pre-Pre B (PB) L2 72 64 3 2 73 NT 2 3 5 7 NT 2.0 
19 Pre-Pre B {PB} L2 55 24 1 5 60 NT 6 NT 2 2 it 1.0 
20 Pre-Pre Bt (PB) L2 91 88 2 1 86 39 46 1 41 39 61 iG o| 
21 pre-B (PB) L1 85 62 30 1 90 1 NT NT 6 5 16 1.7 
21 pre-B (BM) L1 91 50 36 2 94 NT NT NT NT NT NT 2.0 
22 B (PB) L3 42 0 2 83 80 NT 2 2 NT 3 9 0.4 
23 B CLL {PB} e 71 1 NT 30 72 5 3 3 2 NT 21 0.5 
24 B CLL {PB} meee 69 9 NT 32 83 10 11 1 3 3 16 13 
25 B CLL (PB) _ 68 1 NT 41 84 NT 7 10 6 10 25 1.4 
26 BCL PB} — 90 1 NT 33 84 58 55 28 36 3 19 (4.5) 
27 BCL (PB) — 8 O NT 45 86 783 81 37 43 5 39 5-6] 
28 B PLL (PB) amen 80 0 NT 86 82 15 NT 4 5 NT 11 4.) 
29 B HCL§ {Sp} = 64 NT NT 71 80 90 72 6 9 NT 21 6.5 
OKTI11  Leu-} OKT6 OKT3 OKT4 OKTE 
30 TALL {PB} L1 9 89 90 i 8 45 2.9 
31 T ALL (PB) L1 77 83 1 2 1 2 1.8 
32 T CLL (PB) — 35 22 2 80 17 55 2.0 





HANH AAM sn ca ANNEN LER RRR LOR mat hembra aa 





Abbreviations: Cyig, cytoplasmic immunoglobulins; Smig, membrane immunoglobulins; a-NAE, a-naphthy! acetate esterase; ALL, acute lymphoid 
leukemia: CLL, chronic lymphocytic leukemia: PLL, prolymphocytic leukemia; HCL, hairy cell leukemia; PB, peripheral blood, BM, bone marrow: Sp. 
spleen; NT, not tested. 

*Percent of positive cell determined by indirect immunofiuorescence using an Ortho Spectrum Ill flow cytometer. Fresh leukemic cells were analyzed 
soon after purification. 

+Percent of positive cells. Fresh leukemic cell were analyzed soon after purification. Relative levels of c-fos RNA quantitated by dot-biot hybridization 
followed by densitometric scanning of autoradiographic spots and expressed as arbitrary units {au}. Values > 2 au are encased. 

¢t(4:11) translocation. 

§89% Leu-M5 positive ceils. 
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Table 3. c-fos Expression in Human Leukemic Cells During 
TPA-induced Differentiation 


TPA 
Patient No. . 30’ 24h 
7 AML 13.6* 6.5 
2 AML 2.8 2.0 
3 AML 0.1 0.8 
7 AMML 24.3 13.0 
8 AMML. 4.8 2.8 
11 AMoL 0.02 1.0 
13 AMoL 6.3 3.2 
15 AEL, 2.2 1.2 
17 B committed ALL 4.4 0.05 
19 Pre-Pre B ALL 1.3 0.6 
20 Pre-Pre B ALL+ 3.2 2.2 
21 Pre B ALL 3.1 t.1 
23 B CLL 2.1 1.1 
24 B CLL 21.0 1.0 
25 B CLL 7.9 0.01 
26 B CLL 2.5 2.9 
27 B CLL 11.2 4.0 
28 B PLL 4.8 0.02 
29 B HCL 1.1 1.0 
30 T ALL 0.03 0.9 
31 T ALL 0.2 1.1 
32 T CLL 0.005 1.0 





Abbreviations: AML, acute myeloid leukemia (FAB M2}: AMML, acute 
myelomonocytic leukemia (FAB M4); AMoL, acute lymphoid leukemia 
(FAB L1, L2); CLL, chronic lymphocytic leukemia; PLL, prolymphocytic 
leukemia; HCL, hairy cell leukemia. 

*Relative levels of c-fos RNA in leukemic cells exposed for 30 minutes 
and 24 hours to 20 ng/mL TPA. RNA levels have been quantitated by 
densitometric scanning of autoradiographic films and are expressed as 
folds of increase relatively to the levels of uninduced cells {ie, cells 
cultured for 30 minutes and 24 hours in TPA-free medium). 

+t(4,11) translocation. 


c-fos 


Fig 3. 
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RNA levels were analyzed by Northern blotting hybridiza- 
tion and quantitated by densitometric scanning of dot-blot 
autoradiographic films and expressed as times of increase 
relative to levels of uninduced cells. Addition of TPA to six of 
8 myeloid leukemia cell cultures resulted in an overall rapid 
increase (up to 24.3-fold) in c-fos transcripts, which was 
maximal after 30’ and which decreased thereafter, reaching 
at 24 hours levels superior (twofold to 13-fold) to those of the 
uninduced cells (Table 3). Unexpectedly, a drastic reduction 
of c-fos transcripts following TPA treatment was observed in 
cells from patients No. 3 (FAB M1) and No. 11 (FAB M5). 
A representative Northern blot showing the major specific 
2.2 Kb c-fos band in FAB M2 cells after TPA exposure is 
given in Fig 3. RNA extracted from myeloid leukemic cells 
at later times (up to five days) following TPA induction 
showed levels of c-fos threefold to fivefold those of uninduced 
cells (data not shown). c-ras" levels did not change signifi- 
cantly after TPA induction (data not shown). At three days 
after TPA addition, up to 70% to 90% of the cells of all 
myeloid leukemia patients, except patient No. 3, displayed 
strong adherence to plastic surface. In addition, in all AML 
(FAB M1, M2) and AMML (FAB M4) samples, the 
percentage of cells showing NaF inhibitable a-NAE activity 
increased sharply three days after TPA exposure, whereas 
N-ASD-CAE activity was reduced in all AML and AMML 
cells except in the case of patient No. 3. The expression of 
myelomonocytic differentation antigens was also modulated 
by TPA. The reactivity with the OKM1/CD1I1b and $5.25 
antibodies, both reactive with late myeloid cells and mature 
monocytes, was in fact greatly increased in myeloid leukemia 
samples (FAB M2, M4, M5). The reactivity with the 
monocyte-restricted antibody MO2/CD14 increased in 
AMML/AMolL cells or was induced in AML cells following 
TPA treatment, whereas the expression of the immature 
myeloid antigen recognized by the S5.7 antibody was gener- 
ally decreased (data not shown). Interestingly, as seen for the 
other parameters evaluated, TPA did not affect the antigenic 
pattern of cells from patients No. 3 and 11, whose immature 
phenotype remained unmodified. 





Expression of c-fos oncogene in human leukemia cells before and after TPA-induced differentiation as detected by Northern blot 


hybridization. RNAs were extracted after 30 minutes or 24 hours of exposure to TPA (20 ng/mL). RNAs in the C lanes were obtained from 
cells grown for 30 minutes in TPA-free culture medium. RNAs were obtained from the following samples: AML 1 (patient no. 1), ALL 1 
(patient no. 17), PLL1 (patient no. 28), and CLL3 (patient no. 25). For details on in vitro induction of differentiation, RNA isolation, blotting 


and hybridization, see Materials and Methods. 


c-Fos ONCOGENE EXPRESSION IN HUMAN LEUKEMIAS 


Treatment with 20 ng/mL TPA of cell from various forms 
of lymphoid leukemias resulted in a general induction of 
c-fos expression only in B cell malignancies, As the represen- 
tative Northern blot in Fig 3 shows, the specific 2.2 Kb c-fos 
band, already present at high basal levels in ALL1, PLLI, 
and to a lesser extent in B CLL3 (patients No. 17, 28, and 25 
respectively), increased after 30’ of TPA treatment and 
disappeared at 24 hours. Relative levels of c-fos expression in 
lymphoid leukemias quantitated from dot blots and indicated 
as fold of increase compared to the untreated controls are 
shown in Table 3. On the whole, TPA induced c-fos expres- 
sion in nine of 11 samples of B lymphoid leukemias, whereas 
a drastic reduction in levels of c-fos was triggered by TPA in 
all three T cell malignancies. In the HCL cells, c-fos levels, 
already constitutively high, were unaffected by exposure to 
phorbol ester. The degree of induction in B cell leukemias 
ranged between 2.1-fold and 21-fold. After 24 hours of TPA 
treatment c-fos transcription returned to levels equal to or 
lower than those detected prior to induction, with the excep- 
tion of cells from patients No. 20, 26, and 27. 

TPA treatment also resulted in the modification of the 
surface phenotypes in B and T cell leukemias. Antigens of B 
lineage differentiation such as HLA-DR, HLA-DQ, and B4 
were either increased in intensity or induced. B cell activa- 
tion antigens, such as IL 2 receptor, 33.1 (DQ-like) and BA2 
(p24 Ag), were all induced by TPA, whereas antigens 
characteristic of immature stages of B cell differentiation, 
such as OKB2, disappeared following treatment. These 
changes are suggestive of a TPA-induced differentiation of 
leukemic cells toward mature elements of the B lineage. The 
myelomonocytic markers (OKM1/MO1/CDIIb, MY7/ 
CDwi3, MY4/CD14, Leu-M5/CDI1d) detected in the 
subset of leukemias with high constitutive c-fos expression 
were similarly increased after TPA treatment along with the 
induction of the monocyte-restricted antigen MO2/CD14 
and of markers of B lineage activation/differentiation (IL 
2R, HLA-DR, HLA-DQ, BA2, and B4). The two acute T 
cell leukemias responded to TPA with the disappearance of 
the immature T lymphocyte antigen (OKT6) and with an 
increased intensity of the pan-T molecules T1] and T1. In 
the T CLL, a remarkable increase in both percentage of 
positivity and intensity of T1} and TI and decreased T4 
expression were induced. In all the T cell leukemias the 
receptor for IL 2 was strongly induced by TPA. These 
changes are compatible with differentiation into mature T 
lymphocytes. 


DISCUSSION 


Recent studies have suggested that the product of the c-fos 
gene may be involved in the differentiation of cells in the 
monocytic lineage." High levels of fos transcripts have 
been found in primary cultures of normal murine macro- 
phages,” and c-fos transcription and c-fos protein were both 
induced when human (U-937, HL-60) and murine (WEHI- 
3) leukemic cell lines were triggered to differentiate into 
macrophages by agents such as TPA'*'*"* and CSF.” Nev- 
ertheless transient activation of c-fos transcription was 
shown to be in itself insufficient to commit U-937 cells to 
differentiate when stimulated by serum or diacylglycerol 
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(DAG), and differentiation of HL-60 to macrophages by 
1,.25-(OH),D, was not accompanied by c-fos induction.” 
Therefore the role of c-fos expression in the differentiation of 
hematopoietic cells remains unclear. On the other hand, the 
definition of the lineage-specific expression of the fos proto- 
oncogene may be important in understanding hematopoietic 
differentiation and may provide new insights into the patho- 
physiology of leukemias. Consequently c-fos expression was 
studied at basal levels and after treatment with TPA in a 
wide variety of fresh cell from patients with different hema- 
topoietic malignancies representing different stages and lin- 
eages of blood cell differentiation.’"'* Our results show that a 
clear connection can be traced between c-fos expression and 
monocytic differentiation. In fact, high basal levels of c-fos 
transcripts were detected in myeloid leukemic cells showing 
markers of monocytic differentiation (FAB M4, M5), 
whereas very low amounts of transcripts, if any, were found 
in granulocytic oriented forms of myeloid leukemias (FAB 
M1, M2, M3) and in erythroleukemia cells (FAB M6). The 
expression of the monocytic-restricted antigen MO2/CD14 
but not that of the panmyeloid OKMI/CDIib strongly 
correlated with higher c-fos RNA levels. This correlation 
was also supported by the results obtained after TPA treat- 
ment of ANLL cells in which differentiation along the 
monocytic pathway was accompanied by a remarkable 
increase in c-fos transcripts, resembling the kinetics of 
induction already described for TPA-treated U-937" and 
HL-60" cells. In fact, also in our hands a sustained expres- 
sion of the c-fos gene, detectable for at least 24 hours, was 
found in those samples inducible to monocytic differentiation 
by TPA. That monocytic differentiation and c-fos expression 
are correlated was also suggested by the finding that in the 
two myeloid leukemic samples that did not show any differ- 
entiation in response to TPA, no increase in c-fos levels was 
induced by the phorbol ester. 

The lineage-specificity of c-fos expression was strength- 
ened by the low levels of constitutive expression found in 
lymphoid malignancies displaying pure B and T lymphocyte 
markers. Surprisingly, higher basal levels, comparable to 
those of monocytic-oriented forms of ANLL, were found in a 
group of lymphatic leukemia cells coexpressing B lympho- 
cytic and myelomonocytic antigenic markers and also in the 
most undifferentiated form of ALL, a B-committed ALL, 
and the most immature form of chronic lymphoid leukemia, 
a PLL. 

A rapid and transient c-fos expression was induced by 
TPA in almost all (nine of 11) B lymphoid samples, indepen- 
dently of the basal level of expression, and was accompanied 
by the induction of markers of B cell activation /differentia- 
tion. Yet sustained levels of c-fos expression were detected 
only in those cases within B cell leukemias in which induction 
of myelomonocytic markers was detected after TPA treat- 
ment. 

The correlation between sustained c-fos expression and 
monocytic differentiation also seems to be confirmed by 
different data showing that treatment of both human leu- 
kemic cell lines and primary cultures with cytosine arabino- 
side and $-aza-2’-deoxycytidine, which exert a molecular 
mechanism of action different from TPA, results, along with 
the appearance of a monocytic phenotype, in a progressive 
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increase of steady-state levels of c-fos RNA, maximal three 
to six days after the beginning of treatment.” It is of interest 
to notice that in T cell leukemias treatment with TPA, 
although inducing T cell maturation, rather decreased c-fos 
expression. Since normal T cells were reported to respond to 
TPA with increased c-fos transcription,” our data suggest 
that in leukemic T lymphocytes c-fos expression may be 
regulated differently. 

The finding that in fresh human leukemic cells c-fos 
expression is restricted to a monocytoid phenotype in ANLL 
and to a subset of B cell leukemias that express the oncogene 
either constitutively or following activation by TPA could 
suggest different interpretations. A possibility is that it 
represents a phenomenon of “lineage infidelity”,”? in which a 
subset of leukemic B cells coexpresses B lymphocytic and 
monocytic markers. Alternatively, the restricted c-fos 
expression in human leukemias may mirror a stage of 
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hematopoietic differentiation in which features of monocytic 
and B lymphocytic lineages are physiologically and tran- 
siently coexpressed and frozen in leukemic cells”? It is 
therefore tempting to speculate that the B lymphoid disor- 
ders expressing constitutively high levels of c-fos, ie, ALLs 
with the t(4,11) translocation, HCLs, and some B-CLLs, are 
those that have been recognized for a long time as showing a 
number of monocytic features (phagocytosis, enzyme activi- 
ty, differentiation antigens) along with clear B cell markers 
(rearranged Ig genes, pan-B antigens, IL 2 receptor). ™* In 
conclusion, our results suggest that high constitutive levels of 
c-fos RNA may identify myelomonocytic oriented forms of 
leukemia in addition to particular subsets of B lymphoid 
malignancies and some cells terminally differentiated in 
vitro to a monocyte-like phenotype. In this view c-fos expres- 
sion may be regarded as an additional marker for subclassifi- 
cation of human leukemias. 
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Evidence for a Multipotential Stem Cell Disease in Some Childhood Philadelphia 
Chromosome-Positive Acute Lymphoblastic Leukemia 


By Naoki Tachibana, Susana C. Raimondi, Stephen J. Lauer, Peggy Sartain, and Lois W. Dow 


Children with Philadelphia chromosome {Ph+} acute lym- 
phoblastic leukemia (ALL) have a poorer prognosis than do 
most pediatric patients with ALL. Because of this poor 
prognosis and the presence of the Ph chromosome, we 
have asked whether or not Ph + ALL involves a multipoten- 
tial stem cell. We cultured hematopoietic progenitors from 
two children with Ph + ALL and examined individual BFU-E 
and CFU-GM colonies for the Ph chromosome. We studied 
cells from two patients after 18 to 34 months of first 
complete clinical remission; direct cytogenetic analyses 
showed 26% and 13% Ph+ metaphases in these patients’ 
marrow cells. BFU-E colonies were obtained from light 
density marrow celis cultured in methylcellulose supple- 
mented with erythropoietin and CFU-GM colonies from 
agar or methyicellulose cultures stimulated with leukocyte 
feeder layers. Fifty-seven G-banded metaphases were 


ys ee tees in the treatment of acute lymphoblastic 
leukemia (ALL) have resulted in prolonged disease- 
free survival and cure in the majority of children with this 
disease.’ However, some patients at high risk for treatment 
failure can be identified, including those whose blast cells 
contain the Philadelphia (Ph) chromosome.’ Ph+ ALL and 
Ph+ chronic myelocytic leukemia (CML) share a common 
cytogenetic feature, but results of recent studies have demon- 
strated that these diseases may differ at the molecular level 
in alteration of the bcr-abl gene complex.** The persistence 
of the Ph chromosome in bone marrow cells from patients 
with Ph+ ALL in remission is a variable finding, whereas 
the Ph chromosome is generally found in marrow cells from 
patients with Ph+ CML in hematologic remission. Chromo- 
somal abnormalities are generally absent from marrow cells 
from patients with Ph— ALL in remission. Previous studies 
of Ph- ALL have shown no evidence of nonlymphoid 
hematopoietic involvement in the leukemic process, whereas 
Ph+ CML involves a multipotential stem cell for both 
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recovered from 33 colonies. Ten metaphases from seven 
colonies were Ph+. Ph+ metaphases were found in three 
of 12 and three of five BFU-E colonies from the two 
patients. One of 16 CFU-GM colonies from one patient had 
the Ph+ chromosome; analyzable metaphases were not 
obtained from CFU-GM of the other patient. No colonies 
contained both Ph- and Ph— cells. These results indicate 
that Ph+ ALL with persistence of Ph+ cells in remission 
involves a multipotential stem cell for erythroid and granu- 
locyte/macrophage as well as lymphoid lineages. Multipo- 
tential stem cell involvement in the pathogenesis of some 
childhood Ph+ ALL suggests similarities to Ph+ chronic 
myelocytic leukemia and may contribute to the poor prog- 
nosis of these patients. 

© 1987 by Grune & Stratton, Inc. 


lymphoid and myeloid cells.’* To examine stem cell invalve- 
ment in Ph+ ALL, we cultured bone marrow hematopoietic 
progenitor cells from such patients in complete clinical 
remission and examined mitoses from individual CFU-GM 
and BFU-E colonies for karyotypic evidence that might help 
to clarify the pathophysiology of this acute leukemia. 


CASE REPORTS 


Patient 1. This 4-year-old white boy presented at 12 months of 
age with pallor, fever, and hepatosplenomegaly. A complete Blood 
cell (CBC) count disclosed hemoglobin 7.7 g/dL, leukocyte count of 
38.8 x 10°/L with 4% circulating blast cells, and platelet count of 
41 x 10°/L. A bone marrow aspirate showed 50% lymphoblasts, 
FAB-L,. He had no mediastinal enlargement and CSF contained no 
blast cells. The marrow lymphoblasts were terminal transferase 
positive and had the pre-B cell phenotype with 63% of cells contain- 
ing cytoplasmic immunoglobulin; the cells were positive for la, 
common acute lymphoblastic leukemia antigen (CALLA), BA-1, 
BA-2, Leu-16, and Leu-12 antigens. Cytogenetic studies showed five 
metaphases, all of which were positive for the 1(9:22)(q34:q1 1) 
translocation. 

Remission was induced after 4 weeks of four-drug induetion 
chemotherapy after which he received 6 months of consolidation 
therapy with three rotating pairs of chemotherapeutic agents, fol- 
lowed by 24 months of therapy with 6-mercaptopurine and metho- 
trexate.’ CNS prophylaxis consisted of intrathecal methotrexate, 
hydrocortisone, and cytarabine. After 30 months of continvous 
complete remission (CCR), all therapy was stopped, and his disease 
has remained in CCR for an additional 8 + months, Marrow samples 
for in vitro studies were obtained between the 18th and 30th months 
of CCR. 

Patient 2. This 7'4-year-old white girl presented with recurrent 
fever, skin infections, abdominal and back pain, and hepatospleno- 
megaly. Laboratory studies showed anemia, thrombocytopenia, and 
a leukocyte count of 1,043 x 10°/L with 46% blast cells, 2% bands, 
l% metamyelocytes, 4% promyelocytes, 46% lymphocytes, and 1% 
monocytes. A bone marrow aspirate had 95% blast cells with a 
FAB-L, morphology, Spina! fluid contained 26 WBCs/mm? with 
51% blast cells. There was no radiographic evidence of mediastinal 
adenopathy. The bone marrow blast cells were CALLA + and T-3 + 
but negative for E rosette formation, other T cell markers, and 
surface and cytoplasmic immunoglobulin. Cytogenetic studies of 
marrow cells disclosed that all 18 metaphases analyzed were Ph+; 
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seven metaphases had the 46,XX,t(9;22) karyotype, and 11 meta- 
phases showed a side line: 45,XX, —8,~ E, + mar,}q ~,1(9;22). The 
marker appears to be a derivative eight chromosome with parts of an 
E group chromosome and the majority of the lq arm translocated in 
tandem onto the 8q. Initial therapy consisted of leukopheresis and 
remission-induction chemotherapy with prednisone plus vincristine 
and intrathecal methotrexate, cytarabine, and hydrocortisone. 
Because her bone marrow still contained lymphoblasts after 4 weeks 
of therapy, two courses of cytarabine and daunorubicin were given, 
and remission was induced 3 months after diagnosis. Consolidation 
therapy included L-asparaginase, cranial irradiation, and intrathe- 
cal methotrexate followed by continuation therapy for 30 months 
with pulses of adriamycin, vincristine, cytarabine, and prednisone as 
well as 6-MP and methotrexate. All therapy was discontinued after 
30 months of CCR. Five months later she suffered a hematologic 
relapse. A second remission was induced and was maintained for 
seven months. An attempt to induce a third remission failed, and she 
died 47 months after diagnosis. The cell sample for in vitro study was 
obtained 4 months after the cessation of therapy while the patient 
was in first remission. 


MATERIALS AND METHODS 


Cell culture. Light density (<1.077 g/cc) bone marrow mono- 
nuclear cells were obtained by separation on Ficoll-Hypaque (FH) 
gradients. For CFU-GM assays, cells were cultured over leukocyte 
feeder layers in 0.3% agar or in 0.8% methylcellulose at | x 10° 
cells/mL as previously described.'° For BFU-E, cells were incubated 
in 0.8% methylcellulose at 5 x 10° cells/mL with 10% leukocyte- 
conditioned medium and 5 units of erythropoietin/mL."''? CFU- 
GM are reported as colonies of >50 cells on day 10 and BFU-E as 
colonies of =50 hemoglobin-containing cells scored on day 14. The 
morphological classification of cells was confirmed by examining the 
cytology of individually picked colonies stained with Wright's stain 
or 3,3’-dimethoxybenzidine.” 

Cytogenetic analysis. Direct bone marrow cytogenetic analysis 
was performed as previously described.’* Marrow cells were col- 
lected in tubes containing 8 mL of RPMI 1640 with L-glutamine, 
antibiotics and 30% fetal calf serum (FCS). Cells were processed 
immediately after a 25-minute incubation in colcemid (final concen- 
tration, 0.06 g/mL; Gibco, Chagrin Falls, OH), rinsed twice in 
Hanks’ balanced salt solution (HBSS), and exposed to 0.075 mol/L 
KCI for 32 minutes at room temperature, including periods of 
mixing, standing, and centrifugation. The cells were then fixed in 3:1 
methanol:acetic acid for 15 minutes. Slides were prepared by using 
the flaming-edging technique and were allowed to age for zero to 
seven days. 

For analysis of individual colonies, day 8-to-day 14-cultured cells 
were incubated for one hour with colcemid (1 ng/mL) and colonies 
identified microscopically as to type. Individual colonies were trans- 
ferred to microtiter wells for hypotonic lysis with 0.075 mol/L KCI 
for 20 minutes (BFU-E) or 30 minutes (CFU-GM) and then to 
polylysine-treated slides. Chromosomes were allowed to adhere for 
ten minutes, after which the excess KCI solution was removed; 3:1 
methanol:acetic acid fixative was added drop-wise and the prepara- 
tions flame-dried. G-banding was performed by using a modification 
of the trypsin-Giemsa technique of Seabright.'* Chromosomes were 
identified and assigned according to the International System of 
Human Cytogenetic Nomenclature.” 


RESULTS 


For patients | and 2, respectively, six and three bone 
marrow aspirates were obtained during remission in the 
period of the in vitro studies. These marrow cells were 
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morphologically normal with <1% blast cells. In direct 
cytogenetic preparations of marrow cells from patient 1, 25 
(26%) of 96 metaphases were Ph+, and for patient 2, 11 
(13%) of 85 were Ph+. The remaining metaphases from 
each patient were normal. 

In vitro cultures were attempted from three aspirates from 
patient | and one aspirate from patient 2. For patient 1 the 
number of CFU-GM colonies scored on day 10 ranged from 
42 + 2 to 290 + 16 per 2 x 10° plated cells and the number of 
BFU-E colonies from 87 + 3 to 117 + 5 per 5 x 10* cells. For 
patient 2 the sample was obtained ten days before relapse, 


Table 1. Cytogenetic Findings in Bone Marrow Colonies 
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Time of Colony Type Day of 
Study iculture condition} Culture Karyotype 
Patient 1 
17 mo CCR CFU-GM (MC/F) 9 44. XY,- 11, 18 
BFU-E 8 45 XV 
BFU-E 8 46 XY 19:22) 
BFU-E 10 3946, XY 
BFU-E 10 46 XY 9:22) «= 2 
24moCCR CFU-GM (AG/F) 8 46, KY 
CFU-GM (AG/F) 10 46% 
CFU-GM {AG/F} 14 46, XY = & 
CFU-GM [AG/F} 14 46 XY 
CFU-GM (AG/F} 14 46 XY = 4 
30 mo CER CFU-GM (MC/F) 6 AB X 
CFU-GM (MC/F) 6 44X, V¥,-22 
CFU-GM (MC/F) 6 45K =Y 
CFU-GM (MC/F} 6 46 XY 
CFU-GM (MC/F) 9 AG XY 
CFU-GM [AG/F} 10 45, KY, ~ 10/7 
45, XY, 20 
CFU-GM (AG/F) 10 46 XY 
CFU-GM (AG/F) 10 4B XY 
CFU-GM (AG/F) 10 46 XY 
CFU-GM (MC/EPO} 10 46 XY 49522) 
BFU-E 9 46,X¥/ 
44, XY, ~9,-21 
BFU-E g 45, X¥,- 19 ty 
46 KY = 3 
BFU-E 9 46 XY 
BFU-E 9 AGB XY = 2/ 
4B MY = t47 
45 MY, = 22 
BFU-E 9 4B XY, ~ 9 119: 22)/ 
46 XY 19:22} 
BFU-E 10 46 XY/45, KY, — 9J 
BFU-E 10 46 AXYJ4A XY, 
~~ 19, — 20 
BFU-E 10 45 XY. 22 
Patient 2 
34 mo CCR BFU-E 8 42 AX, ~ t4, 18, 
—~24,~21/ 
41.XX,~- 17, 19, 
-20,21,22 
BFU-E 8 46 XX HG22) 
43, XX, - B,- 11, 
~ 12,0(9:22) 
BFU-E 8  46,XX,119;22) 
BFU-E 8 45,X, =X HF] 
BFU-E 8 4G, XX 
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and growth was low with 6 + 1 CFU-GM per 1 x 10° in 
methylcellulose feeder-stimulated cultures and 11 + 1 BFU- 
E per 5 x 10% cells. 

Cytogenetic findings in bone marrow colonies are shown in 
Table 1. Fifty-seven well-banded analyzable chromosome 
spreads were available from 16 CFU-GM colonies and 17 
BFU-E colonies. From one to eight analyzable metaphases 
were obtained per colony. Metaphases analyzed from one of 
16 CFU-GM colonies and three of 12 BFU-E colonies from 
patient | and from three of five BFU-E colonies from patient 
2 (21% of all colonies studied) had the t(9;22) translocation 
(Fig 1). The remaining 26 colonies studied lacked this 
translocation, 


DISCUSSION 


To our knowledge this is the first report with karyotypic 
evidence of erythroid and granulocyte/macrophage lineage 
involvement in ALL. Previous studies using G6PD isozymes’ 
of childhood Ph— ALL have shown no evidence of leukemic 
involvement by nonlymphoid cells. Similarly, results of a 
study of erythroid colonies from one 48-year-old patient with 
ALL failed to demonstrate the presence of Ph chromosome." 
In contrast, in Ph+ CML, involvement of multiple lineages, 
including erythroid, myeloid, megakaryocytic, and some 
lymphoid cells, have been well documented." 

The Ph chromosome has been identified in 5% to 7% of 
childhood ALL cases"? and has been associated with a poor 
prognosis. Children with Ph+ ALL are more likely to be 
older, to have elevated leukocyte counts and CNS leukemia, 
and to be at higher risk of remission induction failure or 
earlier relapse. 

The Ph chromosome was initially identified in 19607° and 
was subsequently shown by Rowley” to result from a recipro- 
cal translocation involving chromosomes 9 and 22. Recent 
molecular biology studies have indicated that the Abelson 
leukemia virus oncogene homologue is translocated from 
chromosome 9 band q34 to chromosome 22 band qll, 
resulting in transcription of an Abelson-derived tyrosine- 
kinase messenger RNA and subsequent Mr 210 protein 
product.” Recently it has been reported that in Ph+ ALL 
patients, a different Abelson-derived tyrosine-kinase with a 
Mr of 185 or 180 is produced.** The Abelson-related protein 
kinase of cells from patient | has a Mr of 185 (S.S. Clark and 
O.N. Witte, personal communication). This molecular evi- 
dence and the clinical presentation indicate that this patient 
has Ph+ ALL, not CML in blast crisis. 


TACHIBANA ET AL 





Fig1. Partial G-banded karyotype of chromosomes involved in 
the t(9:22)(q34:q11} and their homologues. CFU-GM {A} and BFU-E 
{B} colonies from patient 1. Arrows indicate breakpoints. 


in both of the patients we studied, Ph + cells were present 
in their marrows during remission and appeared to be in 
stable mosaicism with karyotypically normal cells. Most 
patients who have Ph+ ALL at diagnosis have not had the 
Ph chromosome detected when their cells have been exam- 
ined during disease remission.” Whether these patients have 
a different disease at the stem cell expression and molecular 
levels or an undetected mosaicism is unclear. Our study 
suggests that patients with Ph+ ALL may be heterogeneous 
and that further studies are indicated to determine lineage 
involvement compared to the molecular biology of these 
diseases. 
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Iron Homeostasis in 8-Thalassemic Mice 


By David B. Van Wyck, Manuel E. Tancer, and Raymond A. Popp 


To explore the pathogenesis of nontransfusional iron over- 
load in iron-loading anemia, we examined features of 
external iron exchange, internal iron kinetics, and tissue 
iron burden in adult mice with inherited gene-deletion 
8-thalassemia. Mice homozygous for 8-thalassemia display 
moderate anemia, reticulocytosis, and shortened red cell 
survival, whereas heterozygous carriers appear hemato- 
logically normal. Quantitative iron determination revealed 
that iron content and concentration in liver, spleen, and 
kidney, but not heart, were far higher (P < .01) in 15-to 
35-week old homozygous thalassemic mice than in age- 
matched normal and heterozygous controls; of these tis- 
sues, iron content increased with age only in kidneys 


RON OVERLOAD is a poorly understood and potentially 
lethal manifestation of 8-thalassemia. Patients suffering 
thalassemia major accumulate life-threatening iron overload 
after repeated red cell transfusions yet compound this trans- 
fusion-acquired iron excess with a pernicious and as yet 
unexplained avidity for iron contained in foods.' Less anemic 
but still troublesome? by their great numbers are patients 
with thalassemia trait, who without transfusions display 
evidence of iron overload in plasma iron, iron saturation, and 
ferritin levels measurably higher than normal. Although 
increased gastrointestinal (GI) iron absorption and rapid 
internal iron turnover* have been demonstrated in patients 
with thalassemia minor,”* further information about genera- 
tion, maintenance, and extent of nontransfusional iron excess 
in carriers of the 8-thalassemia gene is limited. 

To explore mechanisms responsible for nontransfusional 
iron overload in iron-loading anemia, we examined iron 
balance and tissue iron levels in a recently developed model 
of inherited @-thalassemia in mice. The genetic defect in 
affected mice arises from an inheritable 3.7-kilobase (Kb) 
DNA deletion in mouse chromosome 7 encompassing both 
the regulatory and coding sequences of the gene for 8-dmajor 
globin, a normal adult 3-globin.’* 

Hematologic features of murine 8-thalassemia depend on 
the number of defective genes inherited, degree of compensa- 
tory globin production, and resulting balance of a and 8 
chain production. Among heterozygous mice bearing a single 
defective gene for 8-dmajor globin, compensatory production 
of 8-dminor’ is complete, so that a and 8 chain synthesis 
remains balanced and phenotypic features normal. Among 
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(P = .01) of homozygous affected mice. Although plasma 
iron levels were only minimally elevated in homozygotes, 
plasma iron turnover was threefold greater (P < .001} than 
that seen in heterozygote controis. Nevertheless hyperab- 
sorption of enteric radioiron, discernible among homozy- 
gous thalassemic mice as late as 6 to 8 weeks after birth, 
was not observed in older mice: additionally, thalassemic 
and control mice at 18 to 34 weeks showed comparable 
iron excretion after intravenous radioiron. We conclude 
that adult mice with @-thalassemia regain balanced exter- 
nal iron exchange, despite substantial tissue iron excess 
and accelerated internal iron transit. 

6 1987 by Grune & Stratton, Inc. 


homozygotes, compensatory production of 8-dminor globin is 
substantial but incomplete, so that synthesis of a and 8 
chains is unbalanced (a: synthesis ratio 1.7 in bone marrow, 
1.3 in circulating reticulocytes). The associated short red-cell 
survival, modest anemia, microcytosis, poikilocytosis, reticu- 
locytosis, and splenomegaly resemble 8-thalassemia minor in 
humans. 


METHODS 

Experimental animals. Homozygous affected adult male mice, 
the offspring of homozygous breeding pairs back crossed onto a 
C57BL/6J background and third through fifth generation descen- 
dants of the proband male DBA/2 mouse in which a spontaneous 
deletion of the 8-dmajor gene occurred.’ served as test animals. For 
studies of GI iron absorption, groups of mice between 6 and 30 weeks 
old were seiected; mice for all other studies were 15 to 35 weeks old. 
Normal C57BL/6J (Jackson Laboratory, Bar Harbor, ME) mice or 
heterozygous offspring of homozygate-by-C57BL/6J breeding 
pairs, matched for age, gender, and histocompatibility (H-2° anti- 
gen), sharing with test mice identical batches of standard chow, 
either Wayne Lab-Blox (iron approximately 340 ug/g Allied Mills, 
Chicago) or Purina Lab Chow (iron approximately 380 ug/2: St 
Louis) ad libitum, served as controls. Heterozygote controls were 
chosen from offspring of homozygote-by-C57BL/6J pairs in prefer- 
ence to offspring of homozygote-by-heterozygote pairs because 
newborn homozygotes fail to compete successfully with nonhomozy- 
gous littermates. Similarly, mice older than 35 weeks were not 
examined because older homozygotes fail to thrive when compared 
to nonhomozygous mice of the same age. Clinical phenotype was 
confirmed as either normal or abnorma? by hematocrit and reg cell 
morphology, and hemoglobin genotype as normal, heterozygote, or 
homozygote by cellulose-acetate hemoglobin electrophoresis. After 
selection and matching, groups of experimental and control mice 
underwent studies of either plasma iron and iron-binding capacity, 
tissue iron levels, GI iron absorption, er plasma iron kinetics and 
excretion. 

Blood sampling. Blood for plasma iron determination or radio- 
iron studies was obtained by retro-orbital plexus phlebotomy using 
one heparinized 44.7 uL capillary pipette (Dade Diagnostics, 
Aguada, PR) per determination per mouse; blood for iron binding 
capacity was similarly obtained by filling two nonheparinized: 150 
gL capillary pipettes (Kimble, Toledo) per mouse; after phlebotomy, 
plasma was immediately separated from packed cells by centrifuga- 
tion. Mice phlebotomized for iron binding capacity were excluded 
from further study. 

Histology. Portions of tissue removed at sacrifice were exam- 
ined by routine hematoxylin and eosin and trichome staining and 
hemosiderosis graded after Prussian blue staining.” 
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Plasma iron. After a two-hour fast, experimental and control 
mice underwent phlebotomy between 9 and 10 AM, and plasma tron 
and iron binding capacity were determined by the coulometric 
method” on a FerroChem I! analyzer (Environmental Sciences 
Associates, Bedford, MA). 

Tissue iron. After killing by decapitation, liver, spleen, kidneys, 
lungs, and heart were removed, dried, weighed, digested by standard 
methods,” and total iron content determined on a Perkin Elmer 
Model 603 atomic absorption spectrometer (Perkin Elmer, Norwalk, 
CT). Results were expressed as organ iron concentration (ug/meg dry 
weight) and iron content (ug /organ). 

Metabolic cages. Mice were placed singly in plastic Nalgene 
(Nalge Co, Rochester, NY} metabolic cages the day prior to 
radioiron studies; water and powdered lab chow were provided ad 
libitum; stool and urine were collected separately. Preliminary 
experiments with these cages confirmed that experimental and 
control groups consume food in equal amounts and that collection of 
stool and urine over a seven- to 30-day period, coupled with 
determination of residual carcass activity. yields recovery of greater 
than 95% of administered radioiron activity. 

fron {Fe59 reference dose) absorption. Mice placed in metabolic 
cages, fasted for 16 to 20 hours, and lightly anesthetized under 
methoxyflurane (Metafane, Pitman-Moore, Washington Crossing, 
NJ), received 0.1 aCi FeS9 administered intragastrically in 0.2 mL 
of a solution containing ferrous sulfate (10 pg/mL} and ascorbic 
acid (250 ug/ mL), so that each dose provided 0.03 to 0.005 ug label 
iron, 0.4 ug (7 nmol/L) carrier iron and 50 ug (280 nmol/L) 
ascorbate." Activity of stool and urine collected separately for seven 
days thereafter was counted in a Packard Auto-Gamma scintillation 
spectrometer (Packard Instruments, Downers Grove, IL} with chan- 
nel settings of 1.0 to 1.2 meV and results expressed as percent total 
dose absorbed. Radioiron for all studies was obtained as FeS9C| 
(New England Nuclear, Boston, MA), specific activity >6 uCi/ ug, 
diluted to >40 #Ci/mL in 0.5 M H,SQ,. 

iron (Fe5S9) kinetics in plasma. In unanesthetized mice after a 
two-hour fast, radioiron (0.75 wCi FeS9 as ferrous sulfate, in 0.1 mL 
5% dextrose and water, providing less than 0.1 ug total iron) was 
administered slowly over a three-minute period via tail vein injec- 
tion. In preliminary experiments, electrophoresis on nondenaturing 
polyacrylamide gel of plasma obtained five minutes following radio- 
iron infusion confirmed that detectable plasma radioactivity was 
confined to a single band corresponding to that of purified mouse 
transferrin (Cooper Biochemicals, Malvern, PA). Beginning five 
minutes after completion of F259 injection and concluding five to ten 
minutes after the first plasma radioiron Tt, five serial samples of 
whole blood were obtained, piasma and red cells separated immedi- 
ately, and sample radioactivity determined as above. Plasma iron 
levels were determined on bloed obtained just prior to injection. Thus 
total volume of blood removed in six samples approximated 300 uL 
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whole blood per mouse. From these results plasma radioiron disap- 
pearance and T'/ were obtained by lincar least squares regression 
and plasma iron turnover (PIT; g/dL whole blood/day) calculated 
according to the following formula’*: 


PIT - 


Ti/2 l 
Mice from these studies were then examined for radioiron exere- 
tion. 

fron {Fe59) excretion. In mice housed singly in metabolic cages 
after IV Fe59 injection as above, urine and stool were collected for 
30 days, radioactivity determined, and results expressed as percent 
excretion of total injected dose. 

Statistical analysis. When experiments involved three groups, 
differences were examined by Duncan’s multiple range T test: for 
two groups differences were examined by Student's ¢ test. Correla- 
tions were performed and significance of relationships determined 
by a general linear hypothesis; each test was performed using a 
statistical applications package’ on an IBM-PC/AT (International 
Business Machines, Boca Raton, FL) configured with an 80287 
math coprocessor. Results from each set of studies, including those 
from absorption experiments, were found to be normally distrib- 
uted. 


RESULTS 


Tissue iron. Tissue examination in 15- to 35-week old 
homozygous §8-thalassemic mice revealed light (1+) iron 
staining in liver, scattered staining in renal tubules, and 
heavy staining in spleen and bone marrow, without evidence 
of tissue damage; splenomegaly but not hepatomegaly: and, 
after tissue iron determination, high iron concentration and 
total organ-iron content (Table 1) in liver, spleen, and 
kidneys. By contrast, organs from age-matched heterozygous 
B-thalassemic mice, like those from normal CS7BL/6J con- 
trols, showed no parenchymal iron histologically and low 
organ iron levels. Although heart weight (and therefore iron 
content) was lower in normal than heterozygous controls, no 
other differences between these groups were found by multi- 
ple range T test. Only in kidneys from homozygous thalas- 
semic mice was there a discernible relationship between age 
(15 to 35 weeks) and tissue iron concentration (r = .615, 
P = 058) or iron content (r = .666, P = .01). In kidneys 
from other groups and in other organs from all three groups, 
correlation between age and organ-iron concentration 
yielded r values no greater than .281 and between age and 
iron content no greater than .276. 


Table 1. Organ iron Distribution in Mice With 8- Thalassemia Compared to Heterozygote and Normal Controls 


Bady 
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Age Weight Dry Weight img} iron Concentration (ug/mg) iron Content {ug} co Wet R 

Genotype N {wk} ig) Liver Kidney Heart Spleen Liver Kidney Heart Spleen Liver Kidney Heart Spleen Four Organs 
Homozygous 10 22.4 28.1 443.0 90.4 41.8 91.4 .795 523 .552 5.800 3505 47.2 22.6 522.3 942.5 
B-thalassemia 46 2.1 46.8 16.9 64 17.4 .239 .145 .124 1.500 104.2 16.0 3.4 133.6 168.4 
Heterozygous 6 18.6 27.2 346.3* 81.3 41.1+25.9* .265* .286* 609 1.188* 90.8* 23.5* 248+ 27.0% 166.1* 
-thalassemia 1.5 3.1 55.9 33.0 5.7 17.2 .039 .040 .155 .645 14,1 11.1 5.9 13.4 25.2 
Normal C57BL/6) 7 22.2 28.5 402.6 81.9 30.7* 15.7* .181* .220* 513 1.610% 71.0* 17.1* 15.2* 244* 127.7" 
2.8 1.9 82.2 226 13.5 2.0 .061 .056 .064 .798 22.3 2.1 5.8 15.2 32.6 





Results given as mean + SD. 

Differences (by Duncan's multiple range T test): 
* Different from homozygotes by P < .05. 
{Different from normal by P < .O5. 
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Table 2. Plasma iron and lron-Binding Capacity in Homozygous 
8-Thalassemic Mice Compared With Heterozygous Controls 





Plasma 
Age iron TIBC Saturation 
N {d) (ug/dl) (ug/dL} (%) 
Homozygous 10 mean 116.0 138.7 431.3 32.2 
§-thalasse- + SD 0.0 13.4 13.0 3.2 
mia 


mean 117.6 112.5 399.3 28.2 
+ SD 2.2 18.6 16.9 4.7 


Heterozygous 10 
control 


P value 002 000 .040 


Plasma iron and iron binding capacity. Homozygous- 
affected mice showed plasma iron, iron-binding capacity, 
and percent saturation levels slightly but significantly higher 
than those seen in age-matched unaffected heterozygote 
controls (Table 2). 

Intestinal radioiron absorption. Gl absorption of a low- 
dose Fe59 standard after a 16-hour fast was significantly 
greater in 6- to 8-week old 6-thalassemic homozygotes than 
in age-matched heterozygote controls; however, as age 
advanced absorption among homozygotes declined, so that 
no differences were detected in older groups of mice (Fig 1). 

Plasma radioiron kinetics. After a single IV Fe59 injec- 
tion, B-thalassemic homozygotes showed more rapid plasma 
iron disappearance (Fig 2), initial red cell iron uptake (Fig 
3), and plasma iron turnover (Table 3) than age-matched 
(range: 18 to 34 weeks) heterozygote controls. 

intestinal radioiron excretion. Total fecal excretion of 
Fe59 30 days after slow IV injection was no different in seven 
homozygotes for -thalassemia than in six heterozygote 
controls (19.5% + 3.8% v 24.6% + 8.2% injected dose, 
mean + SD). No significant accumulation of radioiron was 
detected in urine. 


DISCUSSION 


Our results confirm that @-thalassemic mice, like their 
human counterparts, acquire substantial nontransfusiona! 
iron excess: homozygous-affected mice show tissue iron 
levels up to fourfold higher than normal. Liver and spleen 
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Fig1. Gtabsorption of an Fe59 reference dose in homozygous 
thalassemic mice compared to heterozygote controis. Results 
represent mean + 95% confidence intervals from age-selected 
groups of ten to 20 mice each. Hyperabsorption of iron was seen in 
homozygotes at 6 to 8 weeks of age but not in older mice. 
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Fig2. Plasma Fe59 disappearance early after slow IV injection 
in homozygous thalassemic mice compared to heterozygote con- 
trols. Results represent mean + 95% confidence interval (shaded) 
from seven homozygotes and six heterozygotes, respectively; r 
values of individual clearance curves ranged from .96 to .99. 


assume most of the increased iron burden, but kidneys also 
show higher than normal iron levels. 

Despite accelerated internal iron transit, high internal iron 
stores, and early-occurring hyperabsorption of iron, homozy- 
gotes older than 11 to 13 weeks of age display normal GI iron 
absorption and fecal iron excretion and no progression of iron 
excess thereafter, evidence that following acquisition of iron 
overload early in life, adult thalassemic mice successfully 
regain iron homeostasis. These results suggest that sponta- 
neous nontransfusional iron overload in thalassemia arises 
not from intrinsically flawed iron regulation but rather from 
the normal response of intact iron control mechanisms to the 
abnormal stimulus of increased erythropoietic activity. 

The close resemblance of homozygous -thalassemia in 
mice to heterozygous §-thalassemia in humans provides 
further evidence that the molecular origin of both the 
hematopoietic and iron-loading disorders is a discrete genetic 
defect generating unbalanced production of a and B-globin 
chains. Deficient production of 8-dmajor chains alone fails to 
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Fig 3. Representative Fe59 uptake in red cells early after IV 
injection in a homozygous 8-thalassemic mouse compared to a 
heterozygous control. Within the first plasma half-life of Fe59, 
erythrocyte radioiron uptake was far more avid in homozygotes 
than in controis. 


IRON HOMEOSTASIS IN 8-THALASSEMIC MICE 


Table 3. Plasma Iron Kinetics in Homozygous 8-Thalassemic Mice Compared to Heterozygous Controls 
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Body 
Age Weight 

Genotype N {wk} ig} 
Homozygote 6 Mean + SD 32.6 32.5 
§-thalasse- 5.4 3.3 

mia 

Heterozygote 4 Mean + SD 29.4 30.9 
control 3.9 3.7 


P value 340 490 





account for all manifestations of the murine disorder, since 
heterozygous mice carry a single defective 8-dmajor gene, 
produce lower than normal levels of 6-dmajor globin, yet 
display red cell morphology and tissue iron levels indistin- 
guishable from normal. Seemingly, by fully matching lost 
8-dmajor globin with compensatory 6-dminor, heterozygotes 
are spared the consequences of 8-dmajor gene deletion. In 
contrast, homozygotes, despite increased total hemoglobin 
production evidenced by rapid plasma iron turnover, fail to 
balance a and non-a globin synthesis. Whether iron loading 
in homozygous mice arises directly from unbalanced globin 
synthesis or indirectly from sustained acceleration of hema- 
topoiesis cannot be determined from the current studies. 

This relationship between phenotype and genotype facili- 
tates experimental design: breeding heterozygotes from 
homozygotes on the one hand and normal mice on the other 
produces suitable unaffected controls for affected homozy- 
gotes, maintains a degree of genetic uniformity between 
experimental and control mice, yet avoids potential variation 
introduced by age, disease, diet, and transportation in com- 
mercially available mice. 

Among tissues tested from homozygous thalassemic mice, 
only kidneys show a tendency to gain iron concentration and 
content with age. Although the relative contribution of renal 
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Packed Plasma Plasma Piasme 
Ceil iron iron iron 
Volume Cont T14/2 Turnover 
(96) (ug/dl} imin} (mg/dL whole blood/d) 
33.5 129.1 34.4 2.46 
3.3 35.4 5.5 26 
48.3 103.0 69.6 aT? 
1.8 14.5 8.5 -05 
<.001 .206 «< OOF 


<.007 
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iron to total body iron is low, age-related increase in renal 
iron may signify renal accumulation of filtered hemoglobin- 
bound iron after ongoing low-grade intravascular hemolysis, 

Results of these studies in mice should be applied with 
caution to interpretation of the human disorder because iron 
homeostasis in small animals is distinguished from that in 
humans by greater potential for intestinal iron excretion, “ 
greater dependence of hemoglobin synthesis on gut-absorbed 
rather than tissue-stored iron,” and exaggerated diurnal 
fluctuations in plasma iron levels according to feeding behav- 
ior. These considerations notwithstanding, the current 
results, taken together with our earlier experience in a- 
thalassemic mice,'® suggest that examination of murine 
thalassemia may provide valuable insight into the pathogene- 
sis of inborn errors of iron metabolism in man. 
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Residual Juvenile Chronic Myelogenous Leukemia Cells Detected in 
Peripheral Blood During Clinical Remission 


By Zeev Estrov, lan D. Dube, Helen S.L. Chan, and Melvin H. Freedman 


At diagnosis peripheral blood {PB} or bone marrow from 
patients with juvenile chronic myelogenous leukemia 
{JCML) have shown two reproducible abnormalities when 
studied in cell culture: impaired growth of normal hemato- 
poietic progenitors and excessive proliferation of malig- 
nant monocyte-macrophage elements. We used these find- 
ings to assess quality of treatment response by serially 
studying PB specimens from four JCML patients (patients 
5, 7, 8, and 9) in complete chemotherapy-induced remis- 
sion. PB readily yielded high numbers of monocyte-macro- 
phage colonies in CFU-C and CFU-GEMM assays when 
cultured in early remission, and the colonies were cytoge- 
netically proven to have arisen from a malignant clone in 
patient 9. When studied later in remission, the abnormal 
cell proliferation persisted in three of the four patients, but 


UVENILE chronic myelogenous leukemia (JCML) is a 
severe progressive hematopoietic malignant disorder of 
infants that represents less than 1% of all childhood leuke- 
mias.'? Although the long-term survival of children with 
acute leukemia has significantly improved,“ the median 
survival of JCML patients is still less than 10 months.!? 
Recent clinical trials using aggressive chemotherapy proto- 
cols have increased the complete remission rates in JCML; 
however, few patients have achieved long-term, disease-free 
survival”? 

An important observation that has become a hallmark of 
JCML is the abnormal in vitro growth characteristics of 
specimens obtained from newly diagnosed patients. When 
cultured in semisolid systems or in liquid cultures, bone 
marrow (BM) or peripheral blood (PB) mononuclear cells 
from patients with JCML yielded excessive numbers of 
monocyte-macrophage colonies in the presence or absence of 
added growth factor.'*'> These cell culture findings have 
been reliable and reproducible and have become an essential 
diagnostic tool for JCML in our laboratory. 

Since four of our recently diagnosed patients with JCML 
attained complete remission with chemotherapy, we used the 
cell culture findings to assess the quality of treatment 
response by serially studying their PB specimens. The data 
suggested that persistence of residual leukemia cells when in 
remission had a bearing on clinical outcome. 
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in patient 8 PB colony growth resembied controls. Similar- 
ly, when PB from patient 3 was studied in liquid culture 
without using added growth factor, cell proliferation 
declined identical to controls, whereas PB from the other 
three patients showed exuberant growth of monocyte- 
macrophage elements. Patient 8 successfully completed 
therapy and has been in a long-term, disease-free remis- 
sion. The other three had recurrent, ultimately fatal dis- 
ease. The cell cultures have allowed detection of residual 
abnormal cells that circulete in PB of JCML patients in 
remission. Although patient numbers were small because 
of the rarity of JCML, the data suggested that persistence 
of leukemia cells in these patients had a bearing on clinical 
outcome. 

©1987 by Grune & Stratton, Inc. 


MATERIALS AND METHODS 


Subjects. All four patients ñt the classical clinical and labora- 
tory description of JCML.'* Their data at diagnosis were reported 
previously in Blood"* and correspond to patients 5, 7, 8, and 9 in that 
series. They presented with varying combinations of lymphadenopa- 
thy, skin manifestations, variable splenomegaly, pallor, and hemor- 
rhagic signs. Most had anemia, leukocytosis, monocytosis, thrombo- 
cytopenia, and nucleated RBCs in PB. BM aspirates were cellular 
with granulocytic hyperplasia, monocytosis, active erythropoiesis, 
and reduced-to-absent megakaryocytes. All patients were treated 
with combined chemotherapy used for acute nonlymphocytic leuke- 
mia'® and were followed for 12 months to 3 years. Their chemother- 
apy was given as described” and consisted of varying combinations 
of daunomycin, cytosine arabinoside, 5-azacytidine, VP-16-213, 
6-thioguanine, and 6-mercaptopurine. These studies were performed 
with informed consent and were approved by the Human Experi- 
mentation Committee of our institution. 

CFU-C and CFU-GEMM assays and liquid cultures. Heparin- 
ized PB cells from the four patients and PB from five healthy 
volunteers used as controls were layered over Ficoll-Paque (Pharma- 
cia Fine Chemicals, Piscataway, NJ) and centrifuged (200 x g, 
4°C) for 20 minutes to remove neutrophils and red cells. 

The CFU-C assay was performed in methylcellulose as previously 
described’? using 20% colony stimulating activity (CSA) prepared 
from peripheral blood leukocytes of a normal volunteer.'? Colonies 
were counted after 14 days using an inverted microscope. A CFU-C 
colony was defined as a cluster of 20 or more cells consisting of 
granulocytes, monocyte-macrophages, or both. Microscopically, 
pure granulocytic colonies could be easily distinguished from pure 
macrophage colonies because of smaller cells and tighter clustering 
in the former. 

For the liquid cultures, nonadherent PB mononuclear cells 
(5 x 10° cells/mL) were incubated in a-medium containing 10% 
fetal calf serum (FCS) for ten days as previously described.” 

The CFU-GEMM assay was performed in methylcellulose?” 
using 5% leukocyte-conditioned medium prepared with phytohe- 
magglutinin (PHA-LCM),” human erythropoietin 1.0 U/mL (Brit- 
ish Columbia Cancer Research Institute, Vancouver) or sheep 
erythropoietin 2.0 U/mL (Connaught Laboratories, Willowdale, 
Ontario), and 5 x 10°° mol/L of 2-mercaptoethanol. All cultures 
were evaluated after 14 days for the number of BFU-E colonies, 
defined as an aggregate of greater than 500 hemoglobinized cells or 
three or more erythroid subcolonies, CFU-C colonies of granulocytic 
or macrophage cells or both, and mixed colonies containing all 
elements. Individual colonies were plucked from the cultures with a 
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micropipette and were analyzed for cellular composition and karyo- 
type. 

Cell characterization and cytogenetic studies. Individual colo- 
nies were plucked from cultures with a micropipette, spread on glass 
slides, and the cellular composition was determined microscopically 
using Wright’s stain and nonspecific (alpha naphthyl butyrate) 
esterase staining with and without treatment with fluoride.” 

The cell surface antigens of individual CFU-C colonies were 
assessed using the following monoclonal antibodies (MoAbs) with 
intestinal alkaline phosphatase as previously described”: OKlIa 
(Ortho Diagnostic Systems Inc, Raritan, NJ) that detects HLA-D 
framework antigen; Leu-M3. OK M1 (Becton-Dickinson, Mountain 
View, CA) that identifies monocytes and macrophages; Leu-1 and 
Leu-4 and BI and B4 (Becton-Dickinson) that detect T and B cells 
respectively. The slides were counterstained in hematoxylin, and the 
presence of surface antigen was indicated as bright red granular 
cellular inclusions seen by light microscopy. Morphological details 
were well preserved, and a very high degree of correlation between 
morphology and surface antigen expression was observed. The 
intensity of staining was defined as strong (+ + +), moderate (+ +), 
and weak (+). 

BM and PHA-stimulated PB mononuclear cells were cultured for 
24 and 72 hours respectively and were then harvested for cytogenetic 
studies by routine procedures.” Individual JCML CFU-C colonies 
were plucked for cytogenetic analysis according to published meth- 
ods.” 

Statistical analysis. The probability of significant differences 
between colony numbers was determined by Student’s f test. 


RESULTS 


The four patients attained complete clinical, hematologic, 
and BM remission following one to four chemotherapy 
courses.” During remission all signs and symptoms of JCML 
disappeared, and blood counts and BM aspirates were nor- 
mal. 

Patient 5 was given 21 courses of chemotherapy; the 
remission lasted 21 months but was followed by acute 
myeloblastic leukemia. Patient 7 received 16 courses of 
chemotherapy; the remission lasted 21 months but was 
followed by acute myelomonocytic leukemia. Patient 9 
received 9 courses of chemotherapy; JCML recurred after 11 
months. Patients 5, 7, and 9 have subsequently died of 
progressive disease. Patient 8 received 16 courses of chemo- 
therapy over an 18-month period, after which treatment was 
stopped; at the time of writing patient 8 has been in complete 
remission for 15 months. 

PB mononuclear cells from the four patients were studied 
at diagnosis and serially during remission using the CFU-C 
assay (Table 1). At diagnosis there was excessive prolifera- 
tion of CFU-C colonies compared to the controls (P < .005). 
Characterization studies of individual colonies by morphol- 
ogy and cytochemistry confirmed that they were comprised 
of monocyte-macrophage elements; 85% of the cells stained 
intensely for nonspecific esterase and the stain was inhibited 
by fluoride. Immunocytochemically, 90% of cells in JCML 
colonies were positive for OKlIa, greater than 90% were 
positive for Leu-M3, and greater than 80% expressed 
OKM1. All cells were negative for Leu-1, Leu-4, BI and 
B4. 

Cultures were performed several times during remission in 
the four patients when WBC numbers and differential counts 
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Table 1. Peripheral Blood CFU-C Colony Proliferation at 
Diagnosis and Serially During Clinical Remission 


7 ere eee ee a are inaamini 


CFU-C Colonies/2 x 10° Calis Plated 


Patient ID No.* 5 7 8 9 Contras 
At diagnosis »1000 >» 1000 224 735 63 + 11 
Early remissiont 320 70 138 318 Mai 
Late remission 170 37 70 172 eke 
Remission, 7 mo off therapy soe oom 18 + es 


reer deren A ht eth AMAA TERRIA RPE 2 ERC NL NS NOt MAAN tn NAN A kk REN ARTE: 


Data shown are mean colony numbers from duplicate cultures. 

*See reference 15. 

Patients no. 5, 7, 8, and 9 were studied after 5, 4, 4. and 3 months 
of chernotherapy, respectively. 

tPatients no. 5, 7, 8, and 9 were studied after 20, 14, 16, and 15 
months of chemotherapy, respectively. 


were normal. Representative results are shown in Table | at 
two time periods, in early clinical remission, and later while 
on long-term chemotherapy. Initially in early remission 
colony numbers were increased compared to control values, 
except for patient 7, and the cellular composition of the 
CFU-C colonies from all four was exclusively of monocyte- 
macrophage lineage. The cells had the identical morphologi- 
cal, cytochemical, and cell surface phenotype as the cells 
harvested from colonies at diagnosis. In contrast, control 
CFU-C colonies were about 50% granulocytic, 40% mono- 
cyte-macrophage, and 10% mixed lineage. 

Later in remission, while receiving chemotherapy, colony 
numbers were decreased or comparable to controls in 
patients 7 and 8 respectively but still increased in patients 5 
and 9. The cellular composition of the colomies in patients 5, 
7, and 9 still showed exclusive proliferation of monocyte- 
macrophage colonies. Results from patient § were different. 
At the conclusion of 16 months of chemotherapy, the CPU-C 
colonies had changed in composition and consisted of about 
50% granulocytic lineage, identical to controls. Chemother- 
apy was stopped for patient 8 because the treatment protocol 
was completed, and the patient was retested seven months 
later while still in remission (Table 1). Colonies were some- 
what reduced in number but still consisted of a norma! 
pattern of about 50% granulocytic, 40% monocyte-macro- 
phage, and 10% mixed lineage. 

When studied at diagnosis in liquid culture without added 
CSA, PB cells from the four patients showed a high cellular 
proliferative rate compared to control PB cells. After ten 
days in culture, patients’ cells increased numerically by 
approximately 70% to 150%, whereas control cells decreased 
by about 10%. A differential count of nonadherent ICML 
cells obtained on day 10 consisted of 13% monoblasts, 32% 
early monocytes, 54% mature monocytes, and 1% premature 
and fully differentiated macrophages. In the control cultures 
the nonadherent cells were comprised primarily of granulo- 
cytic and lymphocytic-appearing elements and a small popu- 
lation (less than 5%) of mature monocytes and macrophages. 
The majority of monocyte-macrophage cells in the control 
cultures were found in the adherent layer. 

In remission, PB cells from patients 5, 7, and 9 still showed 
the abnormal, excessive proliferation of monocyte-macro- 
phage elements in liquid culture even though routine periph- 
eral blood cell numbers and differential counts were unre- 
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markable. Results from patient 8 were different. After ten 
days of culture cell numbers decreased, and most cells 
became adherent to the plastic culture flasks, similar to 
controls. 

In the CFU-GEMM assay, PB cells from the four patients 
at diagnosis yielded large numbers of monocyte-macrophage 
CFU-C colonies but absent BFU-E and mixed colony forma- 
tion (Table 2). During early remission CFU-C colonies 
declined in number compared to the initial studies, and 
BFU-E and mixed colonies were detected.'> However, CFU- 
C colonies in all four patients consisted of more than 90% 
monocyte-macrophage cells with an obvious background of 
individual monocytes and macrophages in the culture dishes. 
Cytogenetic analysis (17 metaphases) of CFU-C colonies 
from patient 9 showed the identical, abnormal karyotype 
(45,X,— Y) that was demonstrated in the diagnostic marrow, 
whereas concurrent analysis of PB lymphocytes showed a 
normal male karyotype (46,XY). Patient 5 was studied 
several months later while still in remission and on chemo- 
therapy, and the CFU-C colony growth was increased and 
exclusively of monocyte-macrophage lineage (Table 2). 
Patient 8 was studied in remission 7 months after stopping 
chemotherapy. CFU-C numbers were decreased, and the 
cellular composition was approximately 50% granulocytic, 
similar to controls. 


DISCUSSION 


The unusual growth behavior of BM and PB JCML cells 
in vitro has facilitated characterization studies of this syn- 
drome. In our recent study, the major finding in cell cultures 
of JCML BM and PB was an excessively high number of 
CFU-C colonies in CFU-C and CFU-GEMM culture assay 
systems.'” These CFU-C colonies were comprised exclusively 
of monocyte-macrophage elements, as confirmed by mor- 
phology, cytochemistry, and surface marker studies, and 
were proven to arise from a malignant clone by cytogenetic 
analysis of individual colonies. The growth requirements for 


Table 2. Peripheral Blood CFU-GEMM Assay 
at Diagnosis and During Remission 











Colonies/Culture 
During Clinical 
At Diagnosis Remission 

Patient ID No.* CFU-C Mixed BFU-E CFU-C Mixed BFU-E 
5 > 1000 0 0 45 4 80 
170 1 14 

7 > 1000 0 0 85 5 50 
8 189 0 0 58 3 82 
26 0 12 

9 137 0 0 90 6 190 

5 controls 90+ 10 8+3 130+ 12 





Data shown are mean colony numbers from duplicate cultures. 

*See reference 15. 

tPatient no. 5 was studied twice after 12 and 21 months of 
chemotherapy (upper and lower values, respectively). Patients no. 7 and 
9 were studied after 10 and 13 months of chemotherapy, respectively. 
Patient no. 8 was studied after 16 months of chemotherapy and after 
being off therapy for 7 months (upper and lower values, respectively). 
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JCML CFU-C were also atypical because added CSA and 
the presence of adherent cells were not essential for JCML 
CFU-C to proliferate into colonies. In liquid culture JCML 
cells showed similar, abnormal growth characteristics and 
proliferated rapidly and excessively in the absence of an 
added humoral growth factor.” The clonal expansion of the 
malignant cells in liquid culture allowed us to perform 
detailed analysis of cellular lineage, functional properties, 
and potential for cellular differentiation.” 

Thus assays for quantitation of JCML cells have become 
established and validated. The cell cultures have been of 
central importance in our laboratery for making a definitive 
diagnosis of this disease in new cases presenting as difficult 
diagnostic problems. In the present study the objective was to 
determine whether the assays were sensitive enough to detect 
small numbers of residual JCML cells from patients in 
chemotherapy-induced complete remissions, similar to our 
findings in acute lymphoblastic leukemia.” 

The four JCML patients who were studied were all 
clinically and hematologically normal and hence in “com- 
plete remission.” Careful inspection of PB white cell mor- 
phology by detailed differential counting did not disclose 
abnormal cells. Yet in all four patients studied in early 
remission and in three patients studied later in the treatment 
course, the in vitro findings were clearly abnormal in the 
clonogenic assays and in liquid cultures and confirmed 
persistent, disordered hematopoiesis. Even in studies in 
which colony numbers were in control range, the cellular 
composition of the colonies was strikingly aberrant, being 
exclusively of monocyte-macrophage lineage. The findings in 
patient 8 were different because the initially abnermal 
growth pattern became identical to controls with therapy. 
This change in the in vitro findings was clear-cut and was 
readily identified by several observers in our laboratory when 
the cultures were examined “blindly.” 

When tissue cultures are used to study leukemia cell 
proliferation, it is ideal to confirm the leukemic origin of 
cultured cells by demonstrating clonality. This may be 
accomplished by using cytogenetic markers, glucose 6- 
phosphate dehydrogenase isoenzymes in appropriate 
females, and by molecular approaches, Fortunately, JCML 
CFU-C from one of our patients showed a chromosomal 
abnormality that was previously described in this disorder.” 
Thus we were able to prove that the patient’s PB clonogenic 
CFU-C that were detected during remission were of leu- 
kemic origin. In the other cases our data indicate that the 
unusual growth behavior of JCML cells in vitro can be 
successfully utilized to detect residual disease. This is espe- 
cially important in JCML patients who do not shew a 
marrow cell cytogenetic abnormality at diagnosis. 

Thus these assays allowed identification of abnormalicells 
that were circulating in PB of our JCML patients in remis- 
sion. An obvious question that arises is whether the finding of 
persistent JCML cells had prognostic significance. The 
answer is difficult because JCML is rare, and large numbers 
of patients are not available for study. However, of our four 
cases, the three that showed evidence of persistent, residual 
JCML had recurrent, fatal disease. The other case, in whom 
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JCML colony-forming cells were no longer detected, com- 
pleted the therapy protocel and at the time of writing has 
been in long-term complete remission, off treatment. 

The data indicate that persistence of leukemia cells in our 
patients had a bearing on clinical outcome. Cell cultures 
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should be useful, therefore, in assessing the degree of efficacy 
of treatment programs that are designed to eradicate the 
disease. 
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The 8-Globin Gene on the Chinese 68-Thalassemia Chromosome 
Carries a Promoter Mutation 


By George F. Atweh, Xiao-Xiang Zhu, Howard E. Brickner, Carol H. Dowling, Haig H. Kazazian Jr, and Bernard G. Forget 


A new type of 56G@-thalassemia characterized by decreased 
expression of the 8-globin gene and increased expression 
of both °y and ^y globin gene in the absence of a detectable 
deletion has recently been described in the Chinese popu- 
lation. In this study we characterize the mutant -globin 
gene from this 5@-thalassemia chromosome. An A to G 
transversion is identified in the “ATA” sequence of the 
promoter region that leads to decreased expression of the 
8-globin gene in vivo and in vitro. We also demonstrate the 
presence of this mutation in every individual with a high 
fetal hemoglobin phenotype in this family and its absence in 


HE STUDY of the molecular pathology of the different 
thalassemic disorders over the last decade has uncov- 

ered an extensive array of mutations that lead to aberrant 
expression of one or more of the globin genes. The vast 
majority of the 8-thalassemias have been associated with 
nucleotide substitutions, insertions, or deletions at regions 
within the 8-globin gene that are of critical importance for 
the processes of transcription, splicing, polyadenylation, or 
translation of its mRNA.' The majority of the 68-thalasse- 
mias, on the other hand, are associated with extensive 
deletions or rearrangements within the 6-globin gene cluster, 
which typically remove parts or all of the 6 and 6-globin 
genes along with variable amounts of flanking DNA. These 
deletions result in the activation of the remaining fetal globin 
gene(s)’ We have recently described a new type of ôg- 
thalassemia in a Chinese family characterized by decreased 
production of 8-globin chains along with increased produc- 
tion of both “y and “y chains.’ In the simple heterozygous 
state the affected individual’s hemoglobin consisted of 22.3% 
hemoglobin F, which was heterocellularly distributed in the 
red cells. When this 68-thalassemia determinant was inher- 
ited with a 8-thalassemia gene in a compound heterozygous 
state, the affected individual had the clinical picture of 
thalassemia intermedia, and his hemoglobin consisted of 15% 
Hb A (a), B2), 3.6% Hb A; (a, ô»), and 81.4% Hb F (ap, Y2). 
Initial gene mapping studies did not reveal any detectable 
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every individual with a normal hemoglobin phenotype. This 
same promoter mutation has recently been detected in 
Chinese §-thalassemia genes where it is present on chro- 
mosomes of the same haplotype as that of the 5f-thalasse- 
mia chromosome we are studying. These data support the 
hypothesis that an as yet unidentified mutation occurred 
on the ancestral chromosome carrying the promoter muta- 
tion anc subsequently gave rise to the 6G@-thalassemia 
phenotype. 

© 1987 by Grune & Stratton, Inc. 


deletion or rearrangement in the 6-globin gene cluster. In 
this communication we report the structural and functional 
characterization of the G-globin gene on the 66-thalassemia 
chromosome of one of the individuals from this Chinese 
family. DNA sequence analysis of the cloned §-globin gene 
revealed a promoter mutation that is associated with a 
moderate decrease in -globin mRNA production in a tran- 
sient expression assay. We also utilized the technique of 
oligonucieotide hybridization to demonstrate the presence of 
this promoter mutation in every family member with the 
6G-thalassemia phenotype and its absence in those with a 
normal hemoglobin phenotype. 


MATERIALS AND METHODS 


8-Globin gene cloning and DNA sequence analysis. High mol 
wt DNA was isolated from the spleen of the compound heterozygous 
individual and from peripheral leukocytes of other family members 
using the method of Blin and Stafford.’ The 8-globin genes of the 
compounc heterozygote were cloned as 7.5 kb Hind LH fragments as 
described earlier.* The 8-globin gene from the 68-thalassemia chro- 
mosome was identified by the presence of the Ava // restriction site 
in 8-1VS-2 (Fig 1). This 8-globin gene was subcloned as a 3.7 kb Pst 
1/Bgl 11 fragment in the expression vector rSVplac.* DNA sequence 
analysis was performed by the dideoxy chain termination method of 
Sanger et al." The region of the cloned gene that was sequenced 
extends from 150 base pair (bp) upstream from the cap site to 200 bp 
downstream from the termination site, excluding 500 bp in the 
middle of 1VS-2. 

Gene expression studies. "SV plac recombinants containing the 
cloned mutant 8-globin gene described above or a normal #-globin 
gene were cotransfected along with an a-globin gene containing 
recombinant into HeLa cells at 25% confluency using the technique 
of DNA coprecipitation with calcium phosphate followed by glycerol 
shock, as described earlier.4 After 36 hours the cells were harvested, 
and cytoplasmic RNA was extracted using methods described by 
Favalaro et al.’ The extracted RNA was used in SI nuclease 
mapping experiments*’ with either a 3’ end-labeled, double-stranded 
probe or a uniformly labeled, single-stranded probe (see “Results” 
for description of specific probes). After S1 nuclease digestion, the 
protected DNA fragments were fractionated by electrophoresis in 
6% or 8% polyacrylamide gels in the presence of 7 mol/L urea. 

Oligonucleotide hybridization studies. Oligonucleotides (19 
mer) specific for the —29 mutation and the normal “ATA” box 
region 5’ to the 8-globin gene were synthesized on a DNA synthe- 
sizer (Applied Biosystems, Foster City, CA). Ten microgram sam- 
ples of genomic DNA of various subjects were subjected to oligonu- 
cleotide hybridization analysis as previously described. ®" 
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RESULTS 


When the DNA sequence of the cloned @-globin gene from 
the 6@-thalassemia chromosome was obtained and compared 
to the sequence of a normal -globin gene,’ a single nucleo- 
tide difference was detected (an A to G transversion at 
position —29, Fig 2). This substitution occurs within the 
highly conserved “ATA” box sequence in the promoter 
region. This same promoter mutation is the commonest 
8-thalassemia mutation in American blacks, where it occurs 
on three chromosomal haplotypes that are all different from 
the chromosomal haplotype of this 68-thalassemia chromo- 
some.'? More recently the same mutation has been detected 
in three Chinese §-thalassemia genes on a chromosomal 
haplotype identical to the haplotype of the patient under 
study.” 

The mutant 8-globin gene described above and a normal 
B-globin gene were transfected into HeLa cells, and the 
cytoplasmic RNA was isolated and subjected to SI nuclease 
mapping studies. When a 3’ end-labeled probe that extends 
from the Neo / restriction site at the initiation codon to the 
Bam H1 restriction site of exon 2 was used (Fig 3), the same 
90-nt fragment was detected in both RNAs, which corre- 
sponds to a normally spliced exon 1. However, the globin- 
specific mRNA accumulated in the cells transfected with the 
mutant gene was 85% less than that accumulated in the cells 
transfected with a normal @-globin gene, after correction for 
differences in the efficiency of transfection by normalizing to 
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Fig 2. Autoradiograph of a DNA sequencing gel in the pro- 


moter region of the cloned @-globin gene. The normal DNA 
sequence is shown below the autoradiograph with the “ATA” box 
enclosed within the rectangle. The asterisk marks the A to G 
mutation within the ATA box. 


the level of expression of the cotransfected a-globin genes 
(data not shown). These results are in agreement with those 
of Antonarakis et al? who studied an identical mutant gene 
isolated from an American black patient. We also did not 
detect any mRNA splicing abnormalities when we used a 
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Fig3. S1 nuclease mapping study of RNA transcribed from the 
B-mutant gene and a -normal gene using a 3 end-labeled probe 
represented on the schematic map below the autoradiograph. 
Both RNAs protect the same 90-nt fragment corresponding to 
exon 1. The amount of steady-state 8-globin mRNA in the cells 
transfected with the mutant gene is 15% that of the celis trans- 
fected with the normal gene after correcting for differences in 
transfection efficiencies by normalizing to the level of expression 
of the cotransfected a-globin genes. 
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uniformly labeled, single-stranded probe that spans the four 
intron-exon junctions* (data not shown). 

Finally, we studied the pattern of inheritance of this 
mutant gene in the extended Chinese family. A family 
pedigree is shown in Fig 4. Four of the eight family members 
who were available for study had a 68-thalassemic pheno- 
type. Oligonucleotide hybridization analysis demonstrated 
that all of them had inherited the — 29 promoter mutation in 
the 8-globin gene (Fig 4). The remaining four members who 
did not have a 6$-thalassemic phenotype did not inherit this 
mutant gene. These data provide strong evidence for the 
concordance of the high fetal hemoglobin phenotype and the 
promoter mutation in this family. 


DISCUSSION 


The observation that elevated levels of fetal hemoglobin 
seem to ameliorate the clinical severity of sickle cell anemia 
and homozygous §-thalassemia has sparked a great deal of 
interest in the study of the factors that regulate the produc- 
tion of fetal hemoglobin. Hereditary persistance of fetal 
hemoglobin (HPFH) and 68-thalassemia have served as 
prototypes of conditions in which the expression of the fetal 
globin genes persists at an elevated level into adult life. When 
the organization of the 8-globin gene cluster of many individ- 
uals with these disorders was studied by gene mapping, it 
became obvious that numerous extensive deletions in and 
around the §-globin complex account for the majority of 
these cases. In spite of repeated efforts, the accurate map- 
ping of these deletions has failed to convincingly demonstrate 
the presence of regulatory regions whose deletion may 
account for the increased expression of the fetal globin genes. 
The mechanism responsible for the activation of the fetal 
globin genes in those deletion disorders remains largely 
unknown, and different mechanisms may be operative in 
different types of deletion HPFHs and 68-thalassemias. 

More recently, a few examples of HPFH that are not 
associated with a deletion in the 8-globin cluster have 
become the focus of investigation. These disorders are char- 
acterized by the increased expression of either the °y gene or 
the “y gene but never both at the same time. Molecular 
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studies of a number of these chromosomes have identified 
several interesting mutations in the promoter regions of 
either the °y or “y gene''? that seem to be tightly linked to 
the HPFH phenotype.''”° It has been hypothesized that these 
mutations may be responsible for the increased expression of 
one or the other of the y genes, either by increasing the 
binding affinity of a positive regulatory factor to the pro- 
moter region or by decreasing the binding affinity of a 
negative regulatory factor. Experimental support for either 
of these hypotheses has not yet been provided. Nonetheless 
these studies have provided important insight into the role of 
certain upstream promoter regions in the regulation of gene 
expression in eukaryotic cells. A single example of a nondele- 
tion 66-thalassemia has been described in Sardinians where 
it is associated with an increase in the production of the 
“y-globin chains.” Molecular studies of this chromosome 
have demonstrated the presence of two independent muta- 
tions on the 66-thalassemic chromosome: a nonsense muta- 
tion at codon 39 of the 8-globin gene and a promoter 
mutation at position —196 of the ^y gene.” When this 
same promoter mutation at position — 196 occurs as a single 
mutation in Chinese or Italian individuals, the phenotype is 
that of ôy HPFH.'®!° 

The 68-thalassemia chromosome in our Chinese family is 
particularly interesting, since it is the only example of a 
nondeletion type of 66-thalassemia (or HPFH) where both 
“y and ^y gene expression are markedly increased. The 
heterocellular distribution of fetal hemoglobin in simple 
heterozygotes and the clinical picture of thalassemia inter- 
media in compound heterozygotes for this determinant plus 
-thalassemia have led us to classify this condition as ôg- 
thalassemia rather than HPFH. We have determined that 
the interacting 6-thalassemia gene in this family contains a 
previously undescribed nonsense mutation (manuscript in 
preparation). Since the compound heterozygote for this 
68-thalassemia and §°-thalassemia has 15% Hb A in his 
peripheral blood in the untransfused state, we conclude that 
the -globin gene on the 68-thalassemic chromosome is 
active in vivo, albeit at a decreased rate. 

Molecular cloning, DNA sequence analysis, and expres- 


~ Mutant 8-globin gene 


Fig 4. A pedigree of the affected Chinese family in which heterozygosity for §-thalassemia is denoted by solid black and 
68-thalassemia by hatched circles and squares, respectively. The autoradiograph under the pedigree shows hybridization of an 
oligonucleotide probe specific for the — 29 mutation to DNA from the different family members. Individuals I-4, t-5, 1-1, and H-2 are positive 
for the tested mutant allele, while the remaining four individuals are negative. 
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sion studies of the B-globin gene on the 68-thalassemic 
chromosome identified a promoter mutation in the “ATA” 
box region that results in decreased expression of that gene in 
vitro. Study of eight individuals from this family by oligonu- 
cleotide hybridization showed a 100% concordance between 
this mutation and the 68-thalassemic phenotype. However, 
this does not imply that the —29 mutation is responsible for 
the increased expression of fetal globin genes in this situa- 
tion, since the same mutation in American blacks and 
Chinese families is not associated with elevated levels of fetal 
hemoglobin. It merely provides evidence for strong linkage 
between the high fetal hemoglobin phenotype and the chro- 
mosome that bears this mutant 6-giobin gene. 

We do not yet know the mechanism(s) responsible for the 
increased expression of fetal hemoglobin in this type of 
68-thalassemia. As stated above, our data support the 
hypothesis that the mutation responsible for the high fetal 
hemoglobin phenotype is present in or near the 8-globin gene 
complex. It is conceivable that two different mutations that 
activate the y and ^y genes independently may be present 
on the same chromosome that carries the 6-globin gene with 
the promoter mutation. However, there is no precedent for 
the occurrence of three independent mutations on the same 
chromosome within a single gene family. Nevertheless we did 
rule out the presence of the ~ 196 ^y C to T substitution” by 
oligonucleotide hybridization and that of the — 202 °y muta- 
tion” and —158 Sy mutation by Southern blotting using 
the enzymes Apa J and Xmn I (data not shown). A more 
intriguing possibility is the occurrence of a single mutation in 
a regulatory region that affects the expression of both fetal 
genes and leads to the overexpression of the °y and “y genes. 
We also cannot exclude the possibility that a mutation in the 
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-globin gene, with or without mutations in the fetal genes, 
may be responsible for the phenotype. The fact that the 
haplotypes of this 68-thalassemia chromosome and the f- 
thalassemia chromosome with the same “ATA” box muta- 
tion in the Chinese are identical supports the hypothesis that 
the mutation(s) responsible for the increased expression of 
the +y-globin genes occurred on an ancestral §-thalassemia 
chromosome background. 

The emerging picture from the study of the different 
nondeletion HPFH and 68-thalassemia syndromes favors a 
model where promoter up-mutations in the fetal domain on 
chromosomes with a normal adult domain result in an HPFH 
phenotype with an almost balanced synthetic ratio of a/ 
non-a-globin chains. On the other hand, when promoter or 
other regulatory up-mutations occur in the fetal domain of 
chromosomes that carry down-mutations in the adult 
domain, the resulting phenotype is that of 69-thalassemia 
with imbalanced synthetic ratios of a/non-a chains. How- 
ever, it is still not clear why the expression of the structurally 
normal -globin gene in the nondeletion HPFH syndromes is 
decreased. It has been suggested that the mere presence of 
the fetal domain in an active transcriptional configuration 
may be enough to place the adult domain in a less active 
configuration.” The experimental tools for testing this 
hypothesis in vivo may soon become available. It is hoped 
that further studies of these nondeletion syndromes may 
continue to unravel more of the mysteries of globin gene 
regulation in mammalian ceils. 
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Further Characterization of Erythrocyte p80 and the Membrane Protein Defect 
of In(Lu) Lu(a—b—) Erythrocytes 


By Marilyn J. Telen, lan Rogers, and Michelle Letarte 


We have previously shown that the /InfLu) gene down- 
regulates expression of an erythrocyte protein antigen 
identified by murine monoclonal antibody (MoAb) A3D8. In 
the present study we have examined InjLu) Lula—b—) 
erythrocytes for expression of additional epitopes on the 
erythrocyte 80 kilodalton protein (p80) bearing the A3D8 
antigen. Using a total of seven additional MoAbs that 
recognize three epitopes on erythrocyte p80, we have 
shown that in(Lu}) Lula —b—)} erythrocytes exhibit down- 
regulation of expression of all three epitopes. In{Lu} eryth- 
rocytes also showed a reduction in their reactivity to rabbit 
antibodies produced against purified p80 from either eryth- 
rocytes or lymphocytes. Furthermore the reactivity of the 
MoAbs was not altered by treatment of the celis with 
neuraminidase but was substantially reduced by treatment 
of cells with trypsin or chymotrypsin. The polyclonal anti- 
p80 sera were shown to react with a fragment of 50,000 


HE /n{Lu) gene is an autosomal dominant gene that 
down-regulates but does not abolish expression of inde- 
pendently segregating genes encoding for the Lutheran fam- 
ily of erythrocyte antigens.'? Once thought to be quite rare, 
this gene has now been shown to occur in some populations in 
as many as one in 3,000 donors.’ The gene product and mode 
of action of the /n{Lu) gene are not known. However, it has 
been recognized that the /n{Luj gene down-regulates expres- 
sion of Lutheran antigens-—which are sensitive to degrada- 
tion by proteases* and by 2-aminoethylisothiouronium bro- 
mide’--and of the polysaccharide antigens P, and i.f We 
have also shown previously that the effect of the /n(Lu) gene 
is not limited to erythrocytes.’ Donors with the Jn(Lu) 
erythrocyte phenotype exhibit reduced expression of the 
A3D8-p80 antigen by erythrocytes as well as by a subset of 
leukocytes; these donors also have reduced amounts of anti- 
body A3D8-reactive antigen in their serum.’ The fact that 
the P, and i antigens are also down-regulated by the [n(Lu) 
gene has prompted some investigators to hypothesize that the 
In{Lu} gene acts via a glycosyltransferase or blocks the 
activity of a glycosyltransferase.* 

In this study we have utilized several antibodies to distinct 
epitopes of the p80 glycoprotein to demonstrate that the 
expression of all known epitopes was down-regulated by the 
In(Lu} gene’? 


MATERIALS AND METHODS 


Production of antibodies. The A3D8, A1G3, 50E6, 50C7, 
S0B4, 44D10, 50D7, and F10.44.2 antibodies are the products of 
previously described murine hybridoma cell lines.’*'’ Antibodies 
A3D8 and A1G3 have been shown to bind to nearby but nonidentical 
epitopes of the same protein of lymphocytes as well as of erythro- 
cytes.'*"* All other antibodies have been shown to bind to the same 
protein of lymphocytes.'* In addition, competitive binding studies 
have shown that antibodies A3D8, F10.44.2, 50E6, and 50C7 bind to 
identical or indistinguishable epitopes’; antibodies 50B4, 44D10, 
and 50D7 bind to a second unrelated epitope on this protein.’ 
Antibody A1G3 binds to a third epitope close to but not identical 
with that identified by A3D8 antibody.’*’* All antibodies are of 
igG1 or lgG2 heavy chain isotype.”*'? Antibodies A3D8, A1G3, and 
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daltons, still associated with erythrocyte ghosts, following 
treatment of the cells with trypsin or chymotrypsin. Treat- 
ment of erythrocytes with the thiol-reactive reagent AET 
decreased their reactivity with the MoAbs but had a 
variable effect on their reactivity with polyclonal anti- 
bodies. Erythrocyte p80 is a glycoprotein with N-linked 
oligosaccharides, as demonstrated by its binding to con- 
canavalin A (Con A) and Len culinaris lectins. Following 
Endoglycosidase F treatment, erythrocyte p80 underwent 
a reduction in apparent mol wt of 11,000. The presence of 
a reduced amount of an intact p80 glycoprotein, seen by a 
decrease in reactivity with MoAbs directed at three dis- 
tinct epitopes and with two different polyclonal antibodies, 
suggests that the In(/Lu) gene interferes with expression by 
erythrocytes of the entire p80 glycoprotein. 

è 1987 by Grune & Stratton, Inc. 


F10.44.2 were used as ascites fluid diluted in phosphate-buffered 
saline (PBS) with 1% bovine serum albumin (BSA). Antibodies 
SOE6, 50C7, 50B4, 50D7, and 44D10 were used as tissue culture 
supernates diluted in PBS-BSA. All binding studies were done under 
conditions of saturating amounts of anti-p80 antibodies. 

Polyclonal antiserum to erythrocyte p80 was produced by injec- 
tion of rabbits with p80 isolated from erythrocyte membrane lysates 
by affinity to A3D8-IgG-Sepharose. On day zero, 100 ug of antigen 
in complete Freund’s adjuvant was injected subcutaneously (SC) at 
three sites; on day 19 this procedure was repeated, except that 
Freund's incomplete adjuvant was used. Two weeks after the second 
injection, serum was tested for binding to erythrocytes and was 
found to be reactive at dilutions up to 1:1,600. All data reported were 
obtained with this bleed diluted 1:25 in PBS-BSA; a pre-immuniza- 
tion rabbit serum was used as a control in all experiments. 

Rabbit antiserum to lymphocyte p80 was produced by SC injec 
tion of purified protein obtained from a detergent extract of prolym- 
phocytic leukemia cells by 50B4-IgG-Sepharose chromatography. 
For the first two immunizations (day 0 and day 21), 500 xg of 
antigen were given SC in complete Freund’s adjuvant. The third 
immunization, on day 56, consisted of 300 ug reduced and alkylated 
antigen in complete Freund's adjuvant. The animal thereafter 
received booster inoculations consisting of 100 ug reduced and 
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alkylated antigen eluted from sodium dodecyl sulfate-polyacryl- 
amide gel (SDS-PAGE) and mixed with incomplete Freund’s adju- 
vant. Experiments were performed with serum obtained on day 64 
(bleed 3) and after the seventh injection (bleed 6). Antibody titer 
was measured by radioimmunoassay (RIA) using intact Lu(b+) 
erythrocytes. Both bleed 3 and bleed 6 saturated all binding sites at 
dilutions up to 1:200. Bleed 6 was reactive with reduced protein in 
Western blot, whereas bleed 3 was not. Binding assays were 
performed with saturating dilutions of antiserum (1:100) and preim- 
munization serum as a control. 

Antibody binding assays. Erythrocyte cell surface reactivity 
with monoclonal antibodies (MoAbs) was measured by RIA or 
immunofluorescence as previously described.” Briefly, erythrocyte 
suspensions (5% vol/vol) were incubated 30 minutes at 4°C with 
dilutions of MoAbs or nonreactive control immunoglobulin (P3 x 
63/Ag8 ascites or 50D6 tissue culture supernate, which contains 
MoAb to the HLA class H molecule).'® Erythrocytes were then 
washed twice in 10 vol of PBS-BSA. For RIA, cells were resus- 
pended to 150 uL and incubated with '*I-labeled affinity purified 
F(ab’), antimouse Ig antibodies (Amersham Corp, Arlington 
Heights, IL) or I-labeled staphylococcal protein A. Triplicate 50 
uL aliquots of cell suspensions were then spun through phthalate oils 
(1.5 parts n-butyl phthalate [Fisher Scientific, Fair Lawn, NJ] to 
one part bis[2-ethylhexyl] phthalate [Eastman Kodak, Rochester, 
NYJ). The centrifuged tubes were then clamped and cut, and the 
tips containing the cell pellets were counted in a gamma scintillation 
counter. RIA data were expressed as “A” cpm, as determined by the 
equation: 


“A” cpm = mean cpm experimental — mean cpm control. 


For immunofluorescence studies, cells were washed free of excess 
first antibody and then incubated with fluorescein-conjugated sheep 
antimouse IgG heavy and light cha; is (TAGO, Burlingame, CA, 
F/P > 6.0). After additional washes cells were resuspended in 
PBS-BSA and analyzed on a modified Ortho Cytofluorograf. 

For analysis of the effects of proteolytic enzymes on the cell 
surface expression of p80 antigens, erythrocytes were treated with 2 
mg/mL TPCK-trypsin (Worthington, Freehold, NJ) or chymotryp- 
sin (Type H, Sigma Chemical Co, St. Louis) for 30 minutes at 37°C, 
washed three times with ice-cold PBS-BSA + 500 ug/mL soybean 
trypsin inhibitor, and then washed three times in PBS. Cells treated 
with ficin (Dr Madris Laboratories, South Hackensack, NJ) were 
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incubated with | mg/mL. enzyme for 30 minutes at 37°C and 
washed exhaustively with PBS. 

Erythrocytes were treated with 12.5 U neuraminidase (from 
Vibrio cholerae, Calbiochem, La Jolla. CA) for 45 minutes at 37°C 
while suspended in Dulbecco’s modified Eagle’s Medium (DMEM, 
containing Ca** and Mg**) and then washed in PBS. Murine 
MoAb E5, which recognizes a sialic acid-dependent epitope on 
sialoglycoprotein 8,” was used to assess the extent of neuraminidase 
digestion in these experiments. 

To determine whether various p80 epitopes recognized by mono- 
clonal and polyclonal antisera required intact disulfide bonds, eryth- 
rocytes were exposed to the thiol-reactive reagent 2-aminoethyliso- 
thiouronium bromide (AET) as previously described.’ 

After enzyme or AET treatment, cells were resuspended to 5% 
(vol/vol), and their level of reactivity with a series of antibodies was 
measured by RIA as above. Data given (Table 1) are either from a 
representative experiment (when three or more were performed) or 
represent the mean of two experiments. Aliquots of cells were also 
used to prepare membrane ghosts for immunoblotting experiments 
(see below). 

Rare In(Luj Lu(a—b—) erythrocytes were obtained from an 
inventory of frozen rare erythrocytes of the Duke Medical Center 
immunohematology reference laboratory, from Dr M.N. Crawford! 
(Pearson Cummin Memorial Laboratory), and from Serologicals of 
Columbia, SC and Atlanta through the cooperation of Mary Ellen 
Rush and Nancy Fincher respectively. In all assays cells that were 
either frozen and thawed or cells that had undergone similar storage 
were used as Lu(b + ) controls to eliminate any possible effects of age 
or storage on the expression of p80 antigens. At least three Lu(b+) 
controls were used in each experiment that examined /n/Lu) erythro- 
cyte antigens. 

Immunochemical analysis of erythrocyte membrane pro- 
teins. Erythrocytes were washed free of serum and processed with 
or without enzyme treatment as described above. Erythrocytes were 
then made into hemoglobin-free ghosts by the method of Dodge et 
al" and solubilized in 100 mmol/L Tris, pH 6.8, 2% sodium dodecyl 
sulfate (SDS), 15% glycerol. Samples containing 50 ug protein were 
then electrophoresed through 6% to 12% linear gradient SDS- 
polyacrylamide slab gels (PAGE) and electrophoretically trans- 
ferred to nitrocellulose paper as previously described.’ After incuba- 
tion with 3% BSA in 150 mmol/L NaCl, 10 mmol/L Tris, pH 7.4 to 
block nonspecific binding sites, the nitrocellulose was incubated with 


Table 1. Effects of Enzymes and AET on Erythrocyte p80 Antibody Reactivity 


% of Normal Antibody Binding After Pretreatment of Erythrocytes with: 


Chymotrypsin Trypsin 
Antibody 2 mg/ml. 2 mg/m. 
Monoclonal antibodies 
Epitope 1: 
A3DB 12 31 
50E6 12 14 
Epitope 2: 
A1G3 9* Ot 
Epitope 3: 
5OB4 20 33 
5007 19 19 
Rabbit anti-erythrocyte p80 79 61 
Rabbit antilymphocyte p80 
Bleed 3 28 37 
Bleed 6 91 108 


Abbreviations: ND, not done. 
*This assay was performed with 1 mg/mL chymotrypsin. 
tAssayed by agglutination. 


Ficin 2-Aminoethyliso- 
1 mg/mL Neuraminidase thiouronium bromide 





0 96 7 
ND 0 

1 118 1 

1 104 8 

1 ND 4 
78 ND 159 
3 ND 35 
ND 93 


In(Lu}-RELATED ERYTHROCYTE P80 


subsaturating dilutions of antibody. The reactive antigen-antibody 
complex was then localized by binding of rabbit antimouse Ig and 
murine monoclonal peroxidase-antiperoxidase complexes”? or perox- 
idase-conjugated goat antirabbit Ig (Sigma), followed by color 
development with diaminobenzidine as substrate. 

Purification of erythrocyte p80. A3D8 antibody was precipi- 
tated from ascites fluid by admixture with an equal volume of 
saturated ammonium sulfate, pH 7.4, and conjugated to CNBr- 
activated Sepharose 4B (Pharmacia, Piscataway, NJ) (5 mg IgG per 
mL swollen gel). Ghosts were prepared from erythrocytes (washed 
free of serum), solubilized in an equal volume of 300 mmol /L NaCl, 
10 mmol/L Na, HPO, pH 7.4, 1% Nonidet P-40 (NP-40, vol/vol), 
0.01% Tween 80 (wt/vol), 2 mmol/L PMSF, and centrifuged at 
27,000 g for 20 minutes to remove insoluble material. A column of 
A3D8-Sepharose was equilibrated with a similar buffer containing 
0.5% NP-40, and the soluble ghost extract was recycled through the 
column overnight at 4°C. The column was then washed with >5 
column volumes equilibration buffer, followed by >5 column vol- 
umes 50 mmol/L Tris, pH 7.4. Elution of bound protein was 
accomplished with 2.5 mol/L MgCl, 50 mmol/L Tris, pH 7.4; the 
column was regenerated by washing with 0.1 mol/L Tris, 0.5 mol/L 
NaCl, pH 8.5, then 0.1 mol/L sodium acetate, 0.5 mol/L NaCl, pH 
4.5, and finally 150 mmol/L NaCl, 10 mmol/L Tris, 0.1% NaN,, 
pH 7.4. Eluted material was dialyzed sequentially against 50 
mmol/L, 10 mmol/L, and 5 mmol/L Tris, pH 7.4 and lyophilized. 
Protein was then resolubilized in one-tenth volume of deionized 
water with 0.1% NP-40. 

Lectin affinity chromatography. To assess the ability of eryth- 
rocyte p80 to bind to lentil (Lens culinaris) lectin, packed erythro- 
cyte ghosts were mixed with an equal volume of 0.2 mol/L NaCl, 
0.01 mal/L Tris-HCI, pH 7.4, 7 mmol/L CaCl, 7 mmol/L MgCh, 7 
mmol/L. MnCl, 0.5% NP-40 (vol/vol), 0.01% Tween 80 (wt/vol), 2 
mmol/L PMSF. Lentil lectin-Sepharose 4B (Pharmacia) was equili- 
brated with a similar buffer containing 0.1% NP-40, and the 
membrane protein sample was applied to the column at room 
temperature. After washing the column with 5 volumes of equilibra- 
tion buffer, bound proteins were eluted with equilibration buffer 
containing 0.1 mol/L a-methylmannoside, Eluates were concen- 
trated by centrifugation in microconcentrators (Centricon-10, Ami- 
con Corp, Danvers, MA). 

Antigen eluted from A3D8-Sepharose was further purified by 
concanavalin A (Con A)-Sepharose chromatography. One hundred 
micrograms of protein was iodinated by incubation with 10 ug 
lodoGen (Pierce Chemical Co, Rockford, IL) and 1 mCi '*I. The 
protein was then dialyzed against 0.1 mol/L Na,HPO,, 50 mmol fL 
EDTA, pH 7.0, to remove unbound '™1. Radiolabeled protein was 
then applied to a Con A-Sepharose column (Pharmacia) equili- 
brated with a buffer containing 150 mmol/L NaCl, 10 mmol/L 
Tris-HCl, 1 mmol/L CaCl, | mmol/L MgCl, 1 mmol/L MnCh,, 
pH 8.0, 0.1% Triton X-100. The column was washed in equilibration 
buffer until no cpm could be detected. Bound material was then 
eluted with a similar buffer containing 0.3 mol/L a-methylmanno- 
side. Unbound and eluted materials were concentrated by dehydra- 
tion with Aquacide (Calbiochem) and analyzed by SDS-PAGE 
followed by autoradiography. 

Quantitation of p80 N-linked oligosaccharide. To obtain an 
estimate of the size of the N-linked oligosaccharides of p80 glycopro- 
tein, Endoglycosidase F digestion was performed. Thirty-microgram 
aliquots of p80 purified by A3D8-Sepharose chromatography were 
solubilized in 0.1 mol/L sodium phosphate, 0.05 mol/L EDTA, 
0.1% SDS, 1% NP-40, pH 6.1. Five units Endoglycosidase F were 
added to one aliquot of protein, and the enzyme-treated and control 
samples were incubated for two hours at 37°C, (It had previously 
been determined that 5 U enzyme was sufficient for a similar 
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amount of glycophorin.) Aliquots were then mixed with SDS-PAGE 
sample buffer, electrophoresed, and analyzed by immunoblotting 
with A3D8 MoAb. For experiments performed under reducing 
conditions, radiolabeled p80 (approximately 13 ug per aliquot) was 
placed in the same buffer as above, except that 1% (vol/val) 
2-mercaptoethanol was added. Two units Endoglycosidase F were 
then added to one aliquot (keeping the enzyme:substrate ratio 
similar to that used in nonreducing conditions), and both aliquots 
were incubated for two hours at 37°C. Aliquots were then mixed 
with SDS-PAGE sample buffer, electrophoresed under reducing 
conditions, and the gels dried and exposed to x-ray film. 


RESULTS 


Characterization of epitopes recognized by antibodies to 
p80. We compared the effects of trypsin, chymotrypsin, 
and ficin treatment of intact erythrocytes on binding of 
A3D8, A1G3, 50E6, 50B4, and 50D7 MoAbs and on binding 
of polyclonal anti-p80 sera (Table |) to determine the spatial 
relationships among the epitopes recognized by MoAbs and 
to assess the range of specificities recognized by the poly- 
clonal antisera. Reactivity with all MoAbs was inhibited by 
treatment of intact erythrocytes with these proteases, indi- 
cating that there were cleavage sites for trypsin, chymotryp- 
sin, and ficin in the extracellular domain of the protein and 
that cleavage at these sites destroyed the three epitopes 
recognized by MoAbs. The polyclonal antibodies, on the 
other hand, could still bind to erythrocytes after trypsin or 
chymotrypsin treatment, although only one polyclonal anti- 
serum bound well after ficin treatment of red cells. 

The epitopes recognized by antibodies 50B4, A3D8, and 
A1G3 were not sensitive to degradation by neuraminidase 
(Table 1). Binding of all MoAbs tested was markedly 
reduced by pretreatment of erythrocytes with AET, while 
this reagent had a more variable effect on reactivity of cells 
with polyclonal antisera (Table 1). The binding of rabbit 
anti-erythrocyte p80 to AET-treated erythrocytes was 
enhanced, while the binding of antilymphocyte p80 serum 
bleed No. 3 was decreased to 35% of normal. However, 
binding of antilymphocyte p80 serum bleed No. 6, obtained 
after several injections with dissociated, reduced and alky- 
lated p80 glycoprotein, was decreased only 7% by AET 
treatment of erythrocytes. These data suggest that not all 
immunogenic epitopes of p80 are destroyed by AET treat- 
ment. 

Binding of anti-p80 antibodies to In(Lu) Lufa—b-} 
erythrocytes. Each of the eight MoAbs to p80 were tested 
quantitatively for their ability to bind to erythrocytes of 
Lutheran (b+) and In(Lu) Lu(a~b—) phenotypes by RIA, 
immunofluorescence-activated flow cytometry, or both, and 
results were compared to those obtained with multiple sam- 
ples of Lu(b+) cells analyzed at the same time (Table 2). 
Antibodies 50E6 and 50C7, which bind to an epitope indis- 
tinguishable from that identified by antibody A3D8, were 
tested by RIA with nine and three /n(Lu) samples respec- 
tively. In(Luj erythrocytes exhibited a mean of 26% of 
normal 50E6 antibody binding, with a range of 9% to 38%. 
Antibody 50C7 also showed a mean of 26% of normal 
binding to In(Lu) erythrocytes (range 12% to 34%) by RIA. 
Antibody F10.44.2 (which also binds to an epitope indistin- 
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Table 2. Expression of p80 Antigens 
by /n(Lu) Lula — b—) Erythrocytes 
Mean % of Control 
Number of Antibody Reactivity* 
intLu) Lula~b-} Demonstrated by iniLu) 
Antibody Donors Tested Lula—b-—} RBC (Range %) 

Epitope 1 (“A3D8-like’‘) 

5OE6 9 28 (25-38) 

50C7 3 26 (12-34) 

F10.44.2 3 25 (22-29) 
Epitope 2 

A1G3 6 27 (23-31) 
Epitope 3 

50B4 9 35 (13-44) 

44D10 3 45 (29-58) 

50D7 3 39 (29-45) 
Rabbit anti-erythrocyte p80 2 10 (9-11) 
Rabbit antilymphocyte p80 
Bleed 3 2 37 (22-45) 





*As determined by antibody binding to erythrocytes from at least 
three Lu(b+-) donors. 


guishable from that identified by A3D8 antibody'*) was 
tested for binding to Lu(b+) and Jn(Lu} erythrocytes by 
immunofluorescence-activated flow cytometry. The mean 
fluorescence channel (MFC) of InfLu) erythrocytes stained 
with antibody F10.44.2 and fluorescein-conjugated anti- 
mouse antibody was 88 (on a linear scale), compared to an 
MFC of 357 for Lu(b+) cells, again showing that In/Lu) 
cells bound a mean of 25% (range 22% to 29%) as much 
anti-p80 antibody as normal cells, as measured by indirect 
immunofluorescence. 

Antibodies 50B4, 44D10, and 50D7, which bind to an 
epitope on the p80 molecule unrelated to that identified by 
antibodies A3D8 or A1G3, were tested by RIA against 
Lu(b+) and /n(Lu) Lu(a—b-—) erythrocytes. In/Lu) eryth- 
rocytes bound 35% as much 50B4 antibody as did Lu(b+) 
cells and bound 45% and 39% as much 44D10 and 50D7 
antibodies, respectively, as did normal cells (Table 2). 

The polyclonal rabbit anti-erythrocyte p80 and rabbit 
antilymphocyte p80 sera were tested against samples of 
In{Luj erythrocytes from the original /n(Lu) proposita’ and 
from her Lu(a—b~—) nephew. Compared to normal Lu(b+) 
and Lu(a+b+) controls, the In(Lu) cells bound 10% as 
much polyclonal anti-erythrocyte p80 and 37% as much 
polyclonal antilymphocyte p80 (bleed 3). 

Biochemical characterization of normal and In(Lu) 
p80. The erythrocyte p80 protein bound to lentil lectin, as 
observed for the lymphocyte protein.'° Erythrocyte ghost 
proteins eluted from a lentil lectin-Sepharose affinity column 
contained sialoglycoproteins a and 8, as well as erythrocyte 
p80, while sialoglycoprotein 6, as expected, was not bound to 
and eluted from lentil lectin (data not shown). 

Fractionation of the NP-40/Tween 80 solubilized erythro- 
cyte proteins by A3D8-Sepharose chromatography achieved 
isolation of p80 free from detectable contamination with 
glycophorins, band 3, and cytoskeletal components. As 
shown in Fig 1, eluted material analyzed by immunoblotting 
showed strong reactivity with A3D8 antibody but not with 
antibodies to sialoglycoproteins a, 8, and ô. When an aliquot 
of material eluted from the A3D8-Sepharose column was 
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Fig 1. Immunoblot analysis of A3D8-affinity purified erythro- 
cyte membrane protein, Erythrocyte membrane p80 was purified 
by A3D8-Sepharose chromatography as described in “Methods.” 
Approximately 20 ug protein was then applied to each lane, 
analyzed by SDS-PAGE under nonreducing conditions, and trans- 
ferred to nitrocellulose paper. Individual strips were then immu- 
nostained as described in "Methods" with MoAbs A3D8 {anti-p80, 
lane A), E3 {antisialoglycoproteins a and ô, lane B), and E5 
{antisialoglycoprotein 8, lane C}. A3D8 reacted with a single 
protein band, while antibodies E3 and E5 failed to stain any 
protein. 


radiolabeled and analyzed by SDS-PAGE under nonreduc- 
ing conditions, a major band of mol wt = 80,000 was 
observed; a contaminating band of mol wt = 54,000 was also 
seen. Immunoblots of eluate stained with rabbit anti-p80 
failed to demonstrate reactivity with the contaminating 
protein, suggesting that it was not likely a degradation 
product of p80. Purification of p80 away from the contami- 
nating protein was achieved by fractionation on Con A- 
Sepharose (Fig 2); p80 was bound to Con A. while the 
contaminating protein remained in the unbound fraction. 

Treatment of A3D8-purified antigen from a Lu(a—b+) 
donor with Endoglycosidase F showed that, if not treated 
with 2-mercaptoethanol, erythrocyte p80 was extremely 
resistant to the action of Endoglycosidase F. Under condi- 
tions that produced complete removal of the N-linked carbo- 
hydrate moiety of sialoglycoprotein a (glycophorin A), only 
a minor portion of the p80 was affected (Fig 3). However, 
removal of N-linked carbohydrate could be achieved in the 
presence of 2-mercaptoethanol during the enzymatic diges- 
tion. A decrease in apparent mol wt of radiolabeled erythro- 
cyte p80 of approximately 11,000 daltons was observed 
following removal of N-linked oligosaccharides (Fig 3). 

By using the polyclonal rabbit anti-p80 sera, we were able 
to demonstrate the cell-bound tryptic and chymotryptic 
fragments of p80 obtained following treatment of intact cells 
(Fig 4). Cells treated with 2 mg/mL trypsin showed a 
decrease in p80 but expressed a 50 kd polypeptide reactive 
with rabbit anti-p80. Chymotrypsin treatment produced a 
similar polypeptide fragment reactive with anti-p80. These 
fragments were unreactive with any of the MoAbs, consis- 
tent with cell binding data suggesting that all the epitopes 
recognized by the MoAbs resided either on the portion of the 
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Fig 2. Analysis by radiolabeling and SDS-PAGE of the A3D8 
antigen and further purification using Con A. Antigen eluted from 
A3D8-Sepharose was radiolabeled with '"! and an aliquot analyzed 
by SDS-PAGE. Lane A shows the radiolabeled protein under 
nonreducing conditions, consisting of a major band at mol wt 
80,000 and a minor band at mol wt 54,000. A portion of radiola- 
beled protein was then passed through a Con A-Sepharose 
column, as described in “Methods.” SDS-PAGE analysis of the 
material eluted with a-methyimannoside, as shown in lane B, 
demonstrated a single band with mol wt = 80,000. 


molecule cleaved from the intact cell by these enzymes or on 
a portion whose secondary structure is dependent on the 
presence of the cleaved fragment. 

Rabbit antilymphocyte p80 was used to immunoblot 
In(Lu) Lu(a—b—) erythrocyte membranes to determine 
whether /n(Lu) cells contained an abnormal! p80 protein not 
detectable with MoAbs (Fig 5). In immunoblots of normal 
and Jn(Lu) membrane proteins, both bleed 3 and bleed 6 
rabbit antilymphocyte p80 reacted with a single glycoprotein 
of mol wt = 80,000 and failed to detect additional anomalous 
protein bands. As previously observed with MoAbs, reduced 
amounts of p80 were present in /n(Lu) membrane protein 
extracts compared to extracts from Lu(b +) erythrocytes. 


DISCUSSION 


This study has shown that the /n(Lu) gene down-regulates 
the expression of erythrocyte p80, as detected by MoAbs 
recognizing three distinct epitopes and by polyclonal anti- 
sera. In(Lu) Lu(a—b—) erythrocytes bound reduced 
amounts (10% to 45%) of each anti-p80 antibody tested 
when compared to Lu(b+) or recessive Lu(a—b—) cells. 
The fact that distinct antibodies to p80 showed somewhat 
different reductions in binding to /n/Lu) erythrocytes could 
be due to variations in antibody affinity or actual variations 
in the presence of these epitopes on /n/Lu) cells. However, 
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Fig 3. Endoglycosidase F digestion of erythrocyte p80. The 
presence of N-linked oligosaccharide on erythrocyte p80 was 
assessed by exposure to Endoglycosidase F. Ten micrograms of 
purified A3D8 antigen was incubated (in the absence of 2- 
mercaptoethanol) for two hours with either buffer alone (lane B) 
or buffer with 5 U Endoglycosidase F (lane A). Material was then 
analyzed by SDS-PAGE under nonreducing conditions and immu- 
noblotted with A3D8 antibody. Only a small amount of material 
showed a decrease in apparent mol wt (bold arrow), while most of 
the protein remained intact (light arrow). However, when radiola- 
beled p80 protein was treated with 2-mercaptoethanol prior to 
Endo F digestion and analyzed by SDS-PAGE under reducing 
conditions, all native protein (lane C, light arrow) exhibited a 
reduction in apparent mol wt of about 11,000 (lane D, bold 
arrow). 


because all MoAbs appear to recognize epitopes dependent 
on maintenance of intrachain disulfide bonds (as indicated 
by reduced binding to erythrocytes treated with AET), it is 
most likely that they bind protein determinants dependent on 
the secondary structure of p80. Therefore the binding data 
are most consistent with the hypothesis that expression of the 
entire p80 molecule is decreased on /n(Lu) Lu(a—b—) 
erythrocytes. This hypothesis is further supported by our 
data that the polyclonal antisera to p80 failed to detect 
immunoreactive protein other than p80 in immunoblots of 
In(Lu) erythrocyte membrane proteins. 

The ability of lentil lectin and Con A to bind erythrocyte 
p80 showed that it is a glycoprotein with N-linked oligosac- 
charides, as demonstrated previously for lymphocyte p80." 
This observation is of interest because the biochemical 
nature of Lutheran antigens is as yet unknown and because 
the /n(Lu) gene has also been reported to down-regulate 
expression of the P, and i polysaccharide antigens. It thus 
remains to be shown whether individual Lutheran antigens 
might arise from variations in amino acid sequence of a 
protein, variations in glycosylation, or a combination of 
these. Although preliminary evidence shows that Lutheran 
antisera immunoprecipitate and immunoblot a protein of 
nearly the same mol wt as does MoAb A3D8 (Telen, 
unpublished observations, and Parsons et al,” respectively), 
no definitive evidence is yet available regarding whether the 
erythrocyte protein identified by A3D8 antibody is identical 
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Fig 4. Cleavage products of erythrocyte p80 following pro- 
tease treatment of intact cells. Erythrocytes were treated with 
trypsin, chymotrypsin, or buffer only, and ghosts were prepared as 
described in “Methods.” Ghost proteins were then solubilized, 
analyzed by SDS-PAGE, and immunoblotted using rabbit anti-p80. 
Control erythrocytes demonstrated intact p80 (lane B). Cells 
treated with trypsin (lane A) showed residual p80 and a major 
fragment of mo! wt 50,000, while cells treated with chymotrypsin 
(lane C) contained primarily a single immunoreactive peptide of 
mol wt 50,000. 


to that which binds Lutheran antisera. Ficin treatment of red 
cells abolished binding of p80 MoAbs but does not abrogate 
binding of at least some Lutheran antisera. However, these 
data are insufficient to determine whether these antigens 
reside on different proteins or at spatially distant sites on the 
same protein. 

The fact that the /n(Lu) gene down-regulates the expres- 
sion of several epitopes on the p80 glycoprotein suggests that 
it is not likely to block the expression of a single oligosaccha- 
ride antigenic determinant unless the absence of such a 
determinant caused failure of insertion of the protein into the 
cell membrane. To date we have established that three 
distinct epitopes recognized by MoAbs were not affected by 
treatment of cells with neuraminidase. The /n(Lu) gene 
seems to decrease the level of expression of erythrocyte p80 
at the cell surface rather than lead to the production of an 
abnormal p80 protein. Multiple epitopes on the protein are 
down-regulated by the /n(Lu) gene, while no anomalous 
protein is detectable in /n(Lu) erythrocyte membrane pro- 
tein, The observation that a single copy of the /n/Lu) gene 
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Fig 5. Immunoreactive p80 protein of Lu(b+) and /niLu) 
erythrocytes. Ghost proteins from Lu(b+) erythrocytes (lanes C 
and F} and two donors’ /n(Lu) erythrocytes (lanes A and D, lanes B 
and E) were analyzed by SDS-PAGE and immunoblotting for 
presence of protein reactive with rabbit antilymphocyte p80 bleed 
3 as described in “Methods.” Each lane was overloaded with 
protein (80 ug/land) to increase sensitivity for small amounts of 
anomalous protein. Lanes A, B, and C were stained with pre- 
immunization serum, and lanes D, E, and F were stained with rabbit 
antiserum to p80. /n(Lu) erythrocyte ghosts contained less p80 
than normal erythrocyte ghosts but did not demonstrate immuno- 
reactive protein bands at anomalous positions on the gel. Similar 
results were obtained with rabbit antilymphocyte p80 bleed 6 
{data not shown). 


depresses expression of p80 antigens by greater than 50% 
suggests that the /n(Lu) gene acts by interfering with tran- 
scription or with translation, processing, or insertion into the 
membrane of a normally encoded protein, whether this 
protein is encoded by the in(Lu) [normal] gene or another 
gene. Alternatively, the protein could be destabilized in the 
presence of the /n/Lu) gene due to an abnormal interaction 
with another moiety resulting more directly from the action 
of the /n/Lu) gene. 
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Elimination of Clonogenic Stem Cells From Human Multiple Myeloma Cell Lines 
by a Plasma Cell-Reactive Monoclonal Antibody and Complement 


By Alex W. Tong, Jennifer C. Lee, Joseph W. Fay, and Marvin J. Stone 


The monoclonal antibody (MoAb) MM4 reacts with human 
multiple myeloma (MM) cell lines and bone marrow from 
patients with plasma cell dyscrasias but not with normal 
peripheral blood or bone marrow cells. Treatment with 
MM4 and rabbit complement (C’) was cytotoxic to the 
plasma cell-derived cell lines GM 1312, RPMI 8226, and 
ARH-77, as demonstrated by chromium release microcyto- 
toxicity and trypan blue exclusion assays. The same treat- 
ment eliminated >99% of clonogenic myeloma stem cell 
colony formation of these cell lines, with less than 20% 
inhibition of normal human bone marrow pleuripotent 
progenitor colony formation in vitro. As an experimental 


ULTIPLE myeloma (MM) represents a malignant 
plasma cell dyscrasia (PCD) with a wide spectrum of 
clinical manifestations." In 1986 it was estimated that 
approximately 10,000 new patients were diagnosed with this 
disorder in the United States. With the use of alkylating 
agent chemotherapy regimens, objective remission is possible 
for 30% to 60% of the myeloma patient population." Despite 
improvement in quality and duration of remission, the 
median survival for MM patients is limited to 3 to 4 years 
from time of diagnosis and has not improved substantially 
during the past 20 years.'* MM is in the advanced stages of 
its natural history at time of diagnosis,'* and patients 
responding to therapy rarely have more than a 1- to 2-log 
reduction (90% to 99%) of their neoplastic mass.'* A large 
residual tumor burden, or the emergence of a drug resistant 
subclone,” accounts for the high incidence of tumor relapse. 
Patients with MM usually die of progressive disease, infec- 
tions due to immunosuppression commonly associated with 
MM, or renal failure.>!® 
Adjuvant bone marrow (BM) transplantation can provide 
the option of extending the dose range of cytotoxic chemo- 
therapeutic agents to improve patient chemoresponsiveness 
and to prolong survival.'’ This approach has proven effective 
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model to explore the efficacy of MM4 + C’ in purging 
MM-invoived bone marrow, normal marrow cells were 
mixed with RPMI 8226 or GM 1312 cells in the ratio of 
90:10 or 50:50 (marrow:myeloma cells). Colony growth 
assays indicated that MM4 + C’ eliminated at least 2 logs 
of clonogenic myeloma stem cells in both 90:10 and 50:50 
preparations, while sparing the majority of normal marrow 
progenitors (inhibition of CFU-C:10% to 13%: BFU-E:0%). 
The selectivity of MM4-mediated cytotoxicity may be use- 
ful for eliminating myeloma clonogenic stem cells from 
bone marrow of patients with multiple myeloma. 

® 1987 by Grune & Stratton, Inc. 


for some patients with primary hematopoietic malignancies, 
including refractory non-Hodgkin’s lymphomas''!? and 
acute and chronic granulocytic leukemias.'*!? Marrow trans- 
plantation studies on MM patients have been limited.'*5 Ina 
clinical trial of five MM patients. transplantation of syn- 
geneic marrow accompanying massive chemotherapy 
extended survival.’ However, the likelihood of success using 
allogeneic marrow transplantation is limited by age and/or 
performance considerations of the MM patient population." 
Whereas appropriate monoclonal antibodies (MoAbs) can 
serve as tumor-purging reagents for preparing autologous 
BM for transplantation in other hematologic malignan- 
cies,'°’° this approach has not been extensively investigated 
in MM. The majority of plasma cell-reactive MoAbs 
described also react with granulocytes? ™ or lymphocytes”? 
or do not bind the majority of patient myeloma cells. 

In a previous report’? we described a myeloma cell- 
reactive MoAb, MM4, generated in this laboratory. MM4 
reacted with a 40-kd antigenic determinant that was 
detected on seven of seven human plasma cell-derived lines 
and on the majority of plasma cells in all of 18 BM biopsies 
from patients with various plasma cell dyscrasias (MM, 
Waldenstrém’s macroglobulinemia, or asymptomatic 
plasma cell dyscrasia). By contrast, MM4 did not react with 
BM biopsies or peripheral blood mononuclear (PBM) cells 
from patients with lymphocytic or granulocytic leukemias. 
The MM4-reactive antigen also was not expressed on normal 
PBM cells, granulocytes, or erythrocytes.” 

In this study we examined the complement-mediated 
cytotoxicity of MM4 with plasma cell-derived cell lines, 
normal peripheral blood, and bone marrow cells. In an 
experimental model of normal bone marrow mixed with cells 
from different human MM-derived cell lines, MM4 + C’ 
eliminated myeloma clonogenic stem cells while preserving 
most normal BM progenitor cells. These observations sug- 
gest that this plasma cell-reactive MoAb may be of value for 
selectively eliminating myeloma cells from MM marrow ex 
Vivo. 


MATERIALS AND METHODS 


Human multiple myeloma-derived cell lines. The plasma cell 
line GM 1312 was obtained from the NIGMS Human Genetic 
Mutant Cell Repository, Institute of Medical Research, Camden, 
NJ. The multiple myeloma-derived RPMI 8226, plasma cell leuke- 
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mia-derived ARH-77, and plasmacytoma-derived HS-Sultan lines 
were obtained from the American Type Culture Collection, Rock- 
ville, MD, as described previously.” The mouse myeloma cell line 
SP2/0-Ag14 was obtained from Dr Denis Burger, Portland, OR. 

Patient blood and bone marrow specimens. Human PBM cells 
and BM samples from healthy controls or patients with hematologic 
malignancies were procured according to the protocol approved by 
the Institutional Review Board for Human Protection, Baylor Uni- 
versity Medical Center (BUMC). 

Patients with hematologic malignancies were diagnosed and clas- 
sified independently by the clinical staff, Department of Oncology, 
Charles A. Sammons Cancer Center, BUMC. Sections of parafin- 
embedded BM biopsies from these patients were obtained from the 
Department of Pathology, BUMC, after routine histopathologic 
evaluation of the specimens. 

Preparation of BM + MM cell mixtures. Normal marrow 
mononuclear cells were derived from Hypaque Ficoll centrifugation 
(400 g, 20 minutes) of marrow aspirates and resuspended in RPMI 
1640 at 10°/mL.” For the preparation of BM + MM cell mixtures, 
these were mixed with appropriate volumes of either RPMI 8226 or 
GM 1312 cells (10°/mL) to achieve normal marrow:myeloma cell 
ratios of 90:10 or 50:50. 

Production of MoAbs. MM4 was generated by an alternate 
immunization protocol, as described previously.” Briefly, 
BALB/c mice were immunized alternately with } x 10’ live cells 
from the RPMI 8226 and GM 1312 cell lines. Somatic hybridization 
of the sensitized splenocytes with SP2/0-Agl4 myeloma cells (1:1, 
splenocyte:myeloma cells) was performed three days after the last 
injection, utilizing 50% polyethylene glycol and 5% dimethyl sulfox- 
ide according to the method of Tong et aF% and Oi and Herzen- 
berg.” Syngeneic thymocytes served as “filler cells” (10° per well) 
during propagation. Antibody reactivity of confluent hybridoma 
cultures was characterized by ELISA against MM cell lines and 
PBM cells from normal donors as previously described.” ” Selected 
hybrid clones were carried in vivo by injecting 2 x 10’ cells 
intraperitoneally in pristane (2,6,10,14-tetramethylpentadecane; 
Aldrich Chemicals, Milwaukee)-primed BALB/c mice. MM4 from 
ascitic fluid was partially purified by precipitation with saturated 
ammonium sulfate solution and adjusted to a protein concentration 
of 10 mg/mL from an initial concentration of 15 to 20 mg/mL. 

Reactivity of MM4 with MM cell lines and peripheral blood cells 
was determined by an ELISA assay.” Reactivity with Zenker 
formalin-fixed bone marrow biopsies was assessed by the immuno- 
peroxidase assay, as described previously.” 

Microcytotoxicity assay. Cytotoxicity assays were performed 
according to modifications of the method described by Steplewski et 
al” and others." Target cells were labeled with sodium *'chromate 
(New England Nuclear, Boston; 200 wCi per 2 x 10° cells, 37°C, two 
hours), washed twice with serum-free media, then incubated for 
another 30 minutes with RPMI 1640 and 10% fetal calf serum 


(FCS) to reduce nonspecific background radioactivity. Treatment of 


the washed cells (10°/mL in RPMI 1640 + 10% FCS) with an equal 
volume of MM4 at the indicated final concentration was performed 
at 4°C (60 minutes) to minimize antigenic modulation.“ The cells 
were washed once, resuspended to 10° cells/mL, and dispensed into a 
96-well microtiter plate (100 wL/well). Complement from 3- 4-week 
old rabbits (Lot No. 1007: Pel-Freez, Brown Deer, WI) was 
preadsorbed with human AB erythrocytes (4°C, 60 minutes) to 
minimize background toxicity. Incubation with complement was 
carried out at room temperature (100 uL per well, 23°C, 30 
minutes), as defined by pilot experiments that indicated that a 
change of incubation temperature from 37°C reduced nonspecific 
toxicity without appreciably affecting MM4-specific lysis. The 
microtiter plate was centrifuged briefly to pellet the cells (100 g, five 
minutes), and half the supernatant fluid from each well was with- 
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drawn to determine chromium release by the lysed target cells. The 
percent-specific lysis was determined by comparing chromium 
release in treated samples (CPM) with maxima! release (CPM mas: 
0.5% NP40-treated target cells), after subtraction of background 
(CPM,,,; cells untreated with MoAb or complement), by the formu- 
la: 


(CPM ~ CPMaig)/(CPMan, ~ CPM) x 100%. 


Trypan blue exclusion. The proportion of viable MM cells after 
MM4 + C treatment was determined by trypan blue exclusion.” 
Treated samples were washed once with phosphate-buffered saline 
(PBS), then resuspended in 200 uL of 0.5% trypan blue in saline. 
Viability was established by the number of cells that excluded the 
dye, with at least 200 cells counted in a hemocytometer. 

Myeloma clonogenic stem cell assay. The clonogenic stem cell 
assay for cells from PCD-derived cell lines was performed accarding 
to a modified technique of Hamburger and Salmon.” Incubation 
with MM4 (4°C, 60 minutes) was performed after pelleting the 
tumor cells in a sterile 15-mL centrifuge tube (American Scientific 
Products, Dallas). The MoAb-treated cells were washed twice in 
RPMI 1640, incubated with rabbit complement at room tempera- 
ture, then distributed in triplicates onto a 6-well culture plate 
(Falcon) in 0.3% agar with Iscove’s modified Dubecco’s medium 
(IMDM) and 15% FCS. The cultures were propagated in a 37°C 
incubator, and the number of colonies (with >50 cells) were 
enumerated under low magnification after seven days. The percent 
of growth inhibition was determined by comparing MM4-treated 
cultures with those treated with the same concentration of an 
irrelevant MoAb (SCLC 1096) that reacts with human small-cell 
lung carcinoma, but not with human normal peripheral blood or 
myeloma cells.” 

BM progenitor colony formation. As a means of monitoring 
normal bone marrow precursor function, CFU-C and BFU-E colo- 
nies were examined in untreated and MM4 + C treated bone 
marrow preparations.” One hundred microliters of bone marrow 
mononuclear cells (5 x 10°/mL) were layered onto a culture plate 
gelatinized with | mL of methylcellulose culture media (0.8% 
methycellulose, 20% FCS, 0.3 mmol/L 2-mercaptoethanal)}. and 
incubated at 37°C in 100% humidity, 5% CO, with GCT- 
conditioned medium (100 pL /mL; GIBCO, Grand Island, NY} for 
stimulating granulocytic precursor colony formation. Erythropoietin 
(Connaught Laboratories, Willowdale, Ontario, Canada) at a final 
concentration of 2.5 [U/mL was added on day 4. CFU-Cs were 
identified by their lack of color and relatively diffuse pattern and 
BFU-Es by their red color and tightly packed colonies.” 

For the study of cell preparations containing both norma! bone 
marrow and MM cells, myeloma clonogenic stem cells were distin- 
guished by their larger colony size, faster growth rate, and distinc- 
tive colony morphology. GM 1312 colonies were characterized by 
their tightly packed spherical conformation, whereas RPMI 8226 
colonies were comprised of tightly aligned tumor cells. The immuno- 
logic phenotype of cells from myeloma colonies was verified by 
reactivity with the plasma cell-reactive MoAbs PCA- (Coulter 
Immunology. Hialeah, FL), OKT1IO (Ortho Diagnostic Systems, 
Boston), and MM4. Cells from myeloma colonies were removed 
under an inverted microscope by a drawn Pasteur pipette at day 7, 
deposited on slides (5 x 10° per slide) by cytospin centrifugation 
(Shandon Southern, Sewickeley, PA), and treated with Saccomanno 
fixative (50% ethanol + 2% polyethylene glyccl). Reactivity with 
the various plasma cell-reactive MoAbs was determined by the 
immunoperoxidase technique.” 

Limiting dilution analysis. Limiting dilution analysis of clono- 
genic units was determined using a Spearman estimate.'’”* A series 
of ten fivefold dilutions were prepared from MM4 + C’-treated or 
untreated normal bone marrow preparations containing [10% 
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myeloma cells from the cell lines RPMI 8226, GM 1312, or ARH-77 
that initially contained 5 x 10° tumor cells/mL. Five replicates (100 
ul) of each dilution were plated in 6-well flat-bottomed tissue 
culture plates (Falcon) onto methylcellulose under the culture 
conditions described above. The mean value for each treatment 
group was estimated by: 


Å 
M = Xo +d/2 -d/nf r; 

imd} 
where X, = In initial dose = In 10; d = In dilution factor = In 5; n = 
number of replicates per dilution = 5; k = number of fivefold 
dilutions = 9; and r; = the number of wells with observed growth at 
the ith dilution. The estimated number of clonogenic units per 
milliliter was calculated as O = exp (—0.5772 — M), with variance 
approximated by d In 2/n. 


RESULTS 


MM4-mediated cytotoxicity. Cytotoxicity of MM4 and 
C" against cells from established plasma cell dyscrasia 
(PCD)-derived cell lines was determined by short-term chro- 
mium release assays. Exposure to the IgGl MoAb MM4 at 
0.015 to 1 mg per 10° cells followed by rabbit C’ at the 
pretitered final dilution of 1:16 was cytolytic to 25% to 95% 
of cells from the PCD cell lines tested (Fig 1). The LD50s of 
MM4 + C’-mediated cytotoxicity were 0.015 mg, 0.047 mg, 
and 0.045 mg for GM 1312, RPMI 8226, and ARH-77 cells 
respectively, with a dose-response pattern of the ARH-77 
line almost identical to that of RPMI 8226 (Fig 1). Toxicity 
to normal PBM cells (20% + 7.5%) was evident after 
incubation with MM4 at 1 mg. Subsequent determinations 
thus were conducted at the optimal MoAb concentration of 
0.5 mg/10° cells. 

Similar to the observations of Bast” and others,'*!®!? two 
cycles of C incubation (1:16 final dilution) improved cytoly- 
sis of MM4-bound tumor cells to 94.5%, 72.3%, and 80.5% 
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Fig 1. MM4 and compilement-mediated cytolysis of MM- 
derived ceil lines. Percent specific “chromium release by prela- 
beled MM ceil lines GM 1312 (@), RPMI 8226 (4), and ARH-77 (IM), 
as well as peripheral blood mononuclear cells (PBM: A} was 
determined after incubation with the indicated concentration of 
MM4 and rabbit complement at 1:16 (see “Materials and Meth- 
ods’’). 
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for GM 1312, RPMI 8226, and ARH-77 lines respectively 
(Table 1). There was no appreciable increase in background 
toxicity by C’ alone, with a mean cytolysis of 18.75% + 
5.25% with the three cell lines tested. Under the same 
experimental conditions, evaluations by trypan blue exclu- 
sion demonstrated that <1% of GM 1312 cells were viable 
(Table 1) after MM4 + C’ treatment, despite a lower level of 
chromium release (94.5%). The same treatment yielded less 
than 6% viable RPMI &226 cells, according to trypan blue 
exclusion studies. Higher background toxicity and a corre- 
sponding increase in normal BM and PBM cell lysis were 
observed if complement treatments were extended to three or 
more cycles (data not shown) or if a higher concentration of 
complement was used (2 x 1:8 or 1:4, Table 1). Such 
variations also did not result in significant improvement of 
cell kill, as determined by trypan blue exclusion (Table 1). 
Re-exposure to MM4 after complement treatment did not 
enhance myeloma-specific cytolysis. 

Depletion of clonogenic stem cells from MM cell 
lines. Tumor repopulation and/or metastatic growth have 
been postulated to be mediated by a self-renewing tumor 
stem cel] subset. Chemoresponsiveness of clonogenic stem 
cell cultures of patients in vitro has been correlated with 
subsequent clinical response.’ Previously, MM4 alone has 
been found to inhibit clonogenic colony formation of RPMI 
8226 cells, with an LD50 of 0.01 to 0.1 mg/10° cells.” We 
carried out clonogenic stem cell assays to establish the effect 
of MM4 + C on clonogenic stem cells from PCD cell lines. 
MM4 + C completely abrogated myeloma clonogenic stem 
cell colony formation of GM 1312, RPMI 8226, and 
ARH-77 cell lines under optimized conditions (Table 1). The 
inhibition of normal marrow stem cell colony formation 
(CFU-C) under the same conditions was limited to 14.6% 
and 7.5%, after exposure to complement at 1:8 and 1:16 
dilutions respectively. 

Elimination of myeloma cells from bone marrow. Asan 
experimental model to test the efficacy of MM4 + C’ in 
eliminating myeloma cells from involved patient marrow, 
cells from the RPMI 8226 or GM 1312 lines were mixed with 
normal bone marrow mononuclear cells in final proportions 
of 50:50 and 90:10 (normal marrow:myeloma cells). These 
ratios were designed to approximate the content of myeloma 
cells in BM of patients prior to treatment and in remission. 

As shown in Table 2 with GM 1312 cells, the efficacy of 
MM4 + C in eliminating myeloma clonogenic stem cells 
from the tumor cell line was not affected by the presence of 
normal BM cells (Table 2). However, the overall capacity of 
this treatment in lysing tumor cells was diminished based on 
chromium release data. A mean cytolytic value of 83.8% and 
59.5% of chromium-prelabeled GM 1312 cells was observed 
in preparations containing 90% or 10% of unlabeled BM cells 
respectively (Table 2). 

The cytotoxic effect of MM4 + C’ on clonogenic stem 
cells of established MM cell lines and normal BM progeni- 
tors was examined under different incubating conditions 
(Figs 2 and 3). MM clorogenic stem cell colonies, enumer- 
ated at day 7, were distinguished from normal BM stem cell 
colonies by their characteristic colony morphology (Fig 2) 
and by their immunologic reactivity with plasma cell- 
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Table 1. Effect of MM4 + Complement Treatment on Multiple Myeloma Cell Lines and Normal Bone Marrow 


. aR I a te a tot Tat Pirania ETO AAAA AA a hanh HAARAA p aAa nan nda harie 


% inhibition Of 


Cytolysis* % Nonviable Cells + Colony Formationt 
Target 1:8 1:16§ 1:8 1:16 1:8 1:16 
O O O O eect n a et 
MM cell lines 
GM 1312 96.1 + 3.1 94.5 + 4.6 97.1 + 3.9 99.5 + 1.0 100 + 0 100 +9 
RPMI 8226 80.8 + 3.3 72.3 + 2.5 93.5 + 5.6 94.3 + 8.5 100 + 0 100 + G 
ARH-77 88.0 + 4.3 80.5 + 2.2 NTI NT 100 +0 100 + 0 
Normal bone marrow 34.3 + 8.7 20.1 + 8.7 NT NT 14.6 + 9.9 7.6 * 10.4 





i HEHE Seeder hnUP A RAMI IMEI AAA AEA NTA AA 


*Determined by % specific "chromium release microcytotoxicity assay after incubation with MM4 {0.5 mg/ 10° cells: 4°C, 60 minutes) and rabbit 
complement (23°C, 30 minutes x 2) at the indicated final dilution. Value represents mean + SD {n = 5). 


+Determined by trypan blue exclusion (see Materials and Methods). 


{Determined by stem cell colony-growth assay for treated myeloma cell lines and CFU-C colony formation for normal bone marrow. Myeloma stem 
cell colonies were scored on day 7, and CFU-C on day 10. Value represents Mean + SD (n = 4). 


§Final complement dilution. 
ENT, not tested. 


reactive MoAbs PCA-I, OKT10, and MM4. For prepara- 
tions containing 10% myeloma cells (Fig 3 A), MM4 + C 
(1:16) consistently reduced GM 1312 clonogenic stem cell 
colonies by at least 2 logs (99% to 100%, n = 4). Similarly, 
RPMI 8226 stem cell colonies were reduced by 97% to 100% 
(98.6% + 1.4%, n = 3). The same treatment inhibited 13% of 
normal bone marrow CFU-C but did not affect BFU-E 
progenitor growth. Unlike incubation of MM or BM cells 
alone, increase of C’ concentration to 1:8 depleted MM 
clonogenic stem cell colonies from both MM cell lines but did 
not significantly increase toxicity to BM progenitor colony 
formation, as measured by CFU-C and BFU-E (Fig 3 A). 

Similarly, in BM preparations containing 50% MM cells 
(Fig 3 B), MM4 + Cat 1:16 completely eradicated colony 
formation by GM 1312 and eliminated 90% (90.2% + 14.7%, 
n = 3) of RPMI 8226 clonogenic stem cells. Similar to our 
observations on 90:10 cell mixtures, incubation with C’ at 1:8 
completely inhibited RPMI 8226 clonogenic stem cell colony 
formation without significantly increasing toxicity to normal 
BM CFU-C (% inhibition: 19.7% + 11.1%, n = 4). A slight 
increase in toxicity to BFU-E (% inhibition: 9.7%, n = 2) was 
observed at this complement concentration. 

To better establish efficacy of clonogenic stem cell elimi- 
nation under optimized conditions, myeloma clonogenic 
units in marrow preparations containing 10% myeloma cells 
before or after MM4 + C’ treatment were determined by 
limiting dilution analysis (Table 3). Two or more log reduc- 


tions of clonogenic stem cell units were observed (99.4%, 
98.9%, and 99.97% reduction for RPMI 8226, GM 1312, and 
ARH-77 cells respectively). Similar evaluation with the 
plasmacytoma-derived cell line HS-Sultan also demon- 
strated a nearly 3-log depletion of clonogenic stem cells 
{Table 3). 


DISCUSSION 


The MoAb MM4 described in this study recognizes a 
40-kd antigenic determinant that is commonly expressed on 
normal and neoplastic plasma cells.” The pattern of reactiv- 
ity of MM4 differs from most other previously described 
plasma cell-reactive MoAbs,”’***? including PCA-1 and 
PCA-2,?'” R 1-3," B5,” common acute lymphoblastic leuke- 
mia antigen (CALLA), MB-1, and OKT10.™ Based on 
enzyme-linked immunosorbent assays, or immunoperoxidase 
and immunofluorescence evaluations under optimized condi- 
tions, MM4 does not react with normal BM cells or with 
peripheral blood normal T or B lymphocytes, granulocytes, 
or erythrocytes but binds to the majority of plasma cells in all 
plasma cell-derived cell lines and plasma cell dyscrasia BM 
biopsies tested.” In this study we examined whether this 
MoAb may be utilized as a means of selectivity eliminating 
myeloma cells in the presence of rabbit complement. 

As a means of controlling for possible cell culture artifacts, 
the cytolytic properties of MM4 were examined with ceils 
from three different plasma cell-derived cell lines. According 


Table 2. Effect of MM4 + Complement Treatment on Cell Preparations Containing Normal Bone Marrow and Myeloma Celis 














Mende diar AA hi D A AAA in e A 


GM 1312 Celis 


% inhibition of BM Stem Cellsh 





MM4 Added % Coiony % Specific a EEA 

BM:GM 1312* img) inhibitiont "Cr Releaset CFU-C BFU-E 
90:10 0.5 99.5 + 0.5 83.8 +9 13.6 + 10 9 
0.25 95.1 + 4 78.4 +11 10.2 + 10 0 
50:50 0.5 100 + 0 59.5 + 14 13.3 + 13 E 
0.25 92.4 + 4 51.5 + 5 Zot 7 0 





*GM 1312 celis were mixed with normal bone marrow mononuclear cells in the indicated ratios. 
+Determined by stem cell colony-growth assay on day 7 and differentiated from marrow colonies by their distinctive colony morphology and irregular 


growth patttern. Value represents mean + SD (n = 4). 


}Determined by short-term microcytotoxicity assay (see Materials and Methods). Mean + SD in = 3). 
§CFU-C colonies were scored on day 10 and identified by their lack of color and relatively diffuse pattern. BFU-E were recognized by their red color and 


tightly packed colonies on day 14. Value represents mean + SD in = 4). 
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Fig2. Photomicrographs of stem cell colonies of MM cell lines and normal bone marrow. In cell preparations with normal marrow and 
MM cells, MM colonies were distinguished by their larger cell size, faster growth rate, and distinctive colony morphology. GM 1312 
colonies (insert A) were characterized by their tightly packed spherical conformation, whereas RPMI 8226 colonies (insert B) were 
comprised of tightly aligned tumor cells. By comparison, CFU-C colonies had a diffuse growth pattern, such as the type IV colony (see 
reference 37) shown in insert C. BFU-E colonies (insert D) were characterized by their late emergence, red color, and small, tightly packed 
colony morphology. Original magnification x 100. 


to studies by Matsuoka et al* and others,“ the IgG, 
lambda RPMI 8226 cell line is comprised mainly of imma- 
ture plasma cells and reacts with both PCA-1! and 
OKT10.** The IgG, kappa GM 1312 cell line is morpholog- 
ically less well differentiated, is unreactive with OKT10, and 
only weakly reactive with PCA-1.“*° The IgG kappa- 


producing plasma cell leukemia cell line ARH-77 displays a 
variety of morphological entities ranging from small lympho- 
cytes to classic plasma cells® and reacts with PCA-1! but not 
OKT10. The heavy and light chain isotype of these cell lines 
as well as their immunologic phenotype were confirmed in 
this laboratory prior to and after culture under clonogenic 
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Fig 3. Eradication of myeloma stem 
calls in mixtures of myeloma and normal 
marrow cells by MM4 and compiement. 
Normali bone marrow cells were mixed with 
cells from the MM cell line GM 1312 (@) or 
RPMI 8226 (4) in proportions of 90:10 {A} 
and 50:50 (B). MM clonogenic stem cell 
colonies in MM4 + C’-treated or untreated 
samples were enumerated on day 7. Inhibi- 
tion of normal bone marrow stem cell colo- 
nies CFU-C (O) and BFU-E (A) was deter- 
mined on days 10 and 14, respectively. 
Value shown represents mean + SD when 
based on three or more determinations. 
Effect of MM4 treatment without C’ is 
shown as complement dilution at æ. 
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stem cell colony forming assay conditions. In this study it was 
evident that greater than 90% of cells from all three cell lines 
bound MM4, the majority of which were susceptible to 
complement-mediated cytolysis. The LD50s of 0.015 to 
0.047 mg of MM4 per 10° cells were consistent with MoAb 
concentrations employed for cytolysis of other human 
tumors.’ Parallel trypan blue exclusion studies indicated 
that MM4 + C was effective in killing >94% of total cells 
from the PCD cell lines tested. 

More significantly, MM4 + C consistently abrogated 
clonogenic stem cell colony growth of the PCD cell lines 
tested, indicating that the clonogenic stem cell subset 
expressed the MM4-reactive antigen. As shown in this and 
our prior study,” MM4 alone was effective in inhibiting 
clonogenic stem cell colony formation of MM cell lines by an 
as yet undefined mechanism, The inhibitory effect was 
amplified by subsequent incubation with C’, and efficacy of 
clonogenic stem cell elimination was maintained in our 
experimental model of normal bone marrow cell preparations 
mixed with myeloma cells. MM4 + C' eliminated 2 logs or 
more of clonogenic myeloma stem cells both in 90:10 and 
50:50 preparations from RPMI 8226, GM 1312, or ARH-77 
cell lines. The complement-inhibitory effect of BM cells, also 
documented previously by other investigators,'"!” was evi- 
dent in chromium release data but apparently did not affect 
the capacity of MM4 + C’ in deleting the clonogenic 


Table 3. Efficacy of MM4 + Complement in Eliminating Multiple 
Myeloma Clonogenic Stem Cell Colony Formation 





Clonogenic U/mL (Mean + SDH 





Cell Lines* Prior Treatment (C,) After Treatment {C} % Reductiont 
RPMI 8226 7.831 + 3.681 x 10° 45.47 + 21.37 99.42 
GM 1312 1.639 + 0.770 x 10° 18.19 + 8.549 98.89 
ARH-77 7.831 + 3.681 x 10% 2.512 + 1.180 99.97 
HS-Sultan 1.915 + 0.900 99.81 


0.982 + 0.452 x 10° 





*Mixed with normal bone marrow mononuclear cells in the ratio of 
90:10 (marrow:myeloma cells). 

+Determined by limiting dilution and the Spearman estimate {see 
‘Materials and Methods’). 

$% Reduction = (C, — CC, x 100%. 
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myeloma stem cell subset. Alternatively, this discrepancy 
may be related to assay artifacts, such as the resorption of 
released chromium from the lysed MM cells by normal bone 
marrow bystanders. 

In an earlier report?’ we found that approximately 70% of 
the total plasma cells in BM biopsies of MM patients express 
the MM4-reactive antigen. Our studies on established MM 
cell lines strongly suggest that the clonogenic stem cell subset 
from myeloma patients also expresses MM4. Whereas het- 
erogeneity of antigen expression precludes the possibility of 
completely eradicating the entire myeloma/ plasma cell pop- 
ulation by MM4-mediated cytolysis, the same treatment can 
selectively eliminate the clonogenic stem cell subset. Several 
lines of evidence support the thesis that responsiveness of 
clonogenic stem cell cultures to cytotoxic or other agents 
correlate with in vivo therapeutic response.***’ In patients 
with multiple myeloma, Karp et al and others™™ have 
shown that clonogenic colony-forming cells from MM mar- 
row are closely related to kinetically active myeloma cells 
that proliferate in vivo. Elimination or major reduction of 
this stem cell subset may limit expansion of the myeloma cell 
clone with potentially advantageous therapeutic conse- 
quences. 

Recent studies with leukemia and lymphoma cells have 
indicated success in purging malignant tumor ceils from 
involved BM with the appropriate MoAbs, thereby providing 
the option for autologous marrow reconstitution following 
marrow-ablative chemoradiotherapy.'*'"'° At present this 
therapeutic alternative is not available for patients with 
MM, despite syngeneic marrow transplantation studies sug- 
gesting that dose escalation may overcome apparent drug 
resistance in patients with refractory disease.” With the use 
of alkylating agent-predisone regimens, it is possible to 
achieve myeloma cell reduction to 10% or less of BM content 
in some MM patients.'*? Our experimental model suggests 
that it may be possible to further reduce the BM myeloma 
stem cell content by an additional 2 logs or more by 
incubating with MM4 + C’, thereby potentially achieving a 
total reduction of 3 logs or more of myeloma stem cells. 
Under the same experimental conditions, toxicity to CFU-C 


1488 


colonies ranged from 0% to 30%. Such experimental variabil- 
ity, which also has been reported by other investigators 
utilizing MoAb + C’ for purging of tumor cells,“ may be 
attributable to background toxicity from C’ alone. Alterna- 
tively, we cannot exclude the possibility that the MM4- 
reactive antigen may be expressed on some normal BM 
progenitor cells at a low density level that ordinarily goes 
undetected. Immunofluorescence studies indicated that 
MM4 reacted weakly with a portion of normal BM cells 
(16.9% + 9.2%) at a tenfold higher than usual incubating 
concentration, whereas reactivity with normal PBM cells 
remained negative (<1%) under such conditions. A propor- 
tion of these BM cells may be susceptible to C’-dependent 
lysis after exposure to MM4. In addition, MM4 is known to 
react with normal plasma cells,” which are present at low 
levels in normal marrow. Other studies also have demon- 
strated highly variable BM recovery (50% or less) in terms of 
cell number” or progenitor cell colonies*'** following purg- 
ing procedures that involve MoAbs unreactive with normal 
BM. However, patient marrow reconstitution does not 
appear to be affected by such losses.” Our approach of 
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myeloma cell depletion by MM4 + C’ thus remains poten- 
tially applicable for autologous marrow transplantation. 

The results described in this paper deal with an experi- 
mental model for purging myeloma cells from bone marrow. 
The validity of this model has been supported by preliminary 
studies on BM from four MM patients, in whom we observed 
significant reduction in myeloma clonogenic stem cell colo- 
nies after treatment with MM4 + C. These initial observa- 
tions will be extended using BM from additional MM 
patients. Our data, as well as other studies employing 
complement,'®'? indicate that the efficacy of selective tumor 
cytolysis is largely limited by activity and nonspecific toxic- 
ity of the complement source. MM4-immunotoxin conju- 
gates may provide a more efficient mechanism for the 
elimination of myeloma cells in vitro. 05453 
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Variability in 4-Hydroperoxycyclophosphamide Activity During Clinical Purging 
for Autologous Bone Marrow Transplantation 


By Richard J. Jones, Michael Zuehisdorf, Scott D. Rowley, John Hilton, George W. Santos, 
Lyle L. Sensenbrenner, and O. Michael Colvin 


We examined the effects of varying incubation conditions 
on the in vitro activity of 4-hydroperoxycyclophosphamide 
(4HC). 4HC activity against CFU-GM and against the K562 
tumor cell line decreased with increasing the RBC concen- 
tration of the incubation mixture. increasing the concen- 
tration of nucleated bone marrow cells in the incubation 
mixture also decreased the 4HC activity. Evaluation of 53 
consecutive patients undergoing autologous bone marrow 
transplantation (BMT) revealed that the incubation RBC 
concentration during clinical purging showed a similar 
effect on CFU-GM recovery. Aldehyde dehydrogenase con- 


A tac bone marrow transplantation (BMT) is 
a useful treatment for resistant acute leukemias, non- 
Hodgkin's lymphomas, and Hodgkin’s disease.'* However, a 
potential obstacle to the optimal utilization of this procedure 
is the contamination of the autologous graft with tumor cells, 
even when the tumor is absent morphologically. Sharkis and 
coworkers showed that 4HC could eliminate or purge leu- 
kemic cells from suspensions of marrow and tumor and still 
permit hematologic reconstitution.’ Subsequently, purging 
with 4HC has undergone extensive preclinical and clinical 
study.*'* At our institution autologous marrow grafts are 
purged with 100 ug/mL of 4HC at a concentration of 2 x 10’ 
nucleated marrow cells/mL for 30 minutes at 37°C. This 
dose of 4HC was the highest dose that permitted hemato- 
poietic reconstitution in essentially all patients.'* However, 
the time to hematopoietic recovery in these patients varied 
greatly. 

Recently work from our institution showed that the CFU- 
GM content of 4HC-purged bone marrow grafts predicted 
the speed of hematopoietic recovery.'*'® However, the recov- 
ery of CFU-GM following clinical 4HC-purging ranged 
from 0.07% to 23%." The reasons for this 300-fold range in 
CFU-GM recovery are not all known but may represent 
differences in 4HC activity resulting from varied incubation 
conditions, differences in individual hematopoietic progeni- 
tor sensitivity, or a combination of both factors. Although 
serum concentration, nucleated cell concentration, time, and 
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tent of RECs and nucleated marrow cells appears to be the 
cause of the inhibition of 4HC activity. Although there was 
no difference in individual CFU-GM sensitivity to 4HC 
among normais, previously treated patients undergoing 
autologous BMT showed significant variability in CFU-GM 
sensitivity to 4HC. The combined effects of incubation RBC 
concentration and individual patient 4HC sensitivity appear 
to account for most of the variability in CFU-GM recovery 
and speed of hematologic recovery after clinical purging 
with 4HC. 

© 1987 by Grune & Stratton, inc. 


temperature of the 4HC incubation mixture were held 
constant during clinical purging, the RBC concentration of 
the incubation mixture varied considerably among patients. 
Preliminary clinical data from our institution suggested a 
relationship between the incubation RBC concentration and 
CFU-GM recovery following bone marrow purging with 
4HC. A similar relationship for mafosfamide has also been 
suggested.’ 

To examine the possible causes of the variable CFU-GM 
recovery following clinical 4HC purging of autologous mar- 
row grafts, we examined the effects of graded concentrations 
of RBCs and nucleated marrow celis on the in vitro activity 
of 4HC against normal human bone marrow and against the 
K562 myeloid leukemia cell line. We also studied the effects 
of the incubation RBC concentration during clinical purging 
with 4HC in 53 patients undergoing autologous bone marrow 
transplantation (BMT) for the treatment of malignancy. 
Individual CFU-GM sensitivity to 4HC was also determined 
for 2] patients receiving autologous transplants. 


MATERIALS AND METHODS 


Bone marrow cells. Bone marrow cells from healthy volunteers 
were obtained by aspiration from their posterior iliac crests. Samples 
of the bone marrow grafts harvested from 53 consecutive patients 
undergoing autologous bone marrow transplantation for the treat- 
ment of malignancy were obtained prior to and after clinical purging 
with 4HC. All healthy volunteers and patients gave informed 
consent for study participation as approved by The Johns Hopkins 
Joint Committee on Clinical Investigation. Mononuclear cells (den- 
sity <1.078 g/mL) for CFU-GM assays were recovered by Ficoll- 
Hypaque (FH) density centrifugation. 

4HC incubations. The 4HC (prepared by one of the authors, 
O.M. Colvin) was freshly dissolved prior to use. All clinical purging 
was performed as previously described.*"* Briefly, the nucleated cell 
buffy coat of the bone marrow graft was incubated with 100 ug /mL 
of 4HC in TC 199 medium containing 20% autologous plasma at a 
nucleated marrow cell concentration of 2 x 10’ cells/mL for 30 
minutes at 37°C. The incubation mixture was rapidly cooled to 4°C 
and centrifuged at 2900 rpm for ten minutes. 

Bone marrow cells from normal donors or cells of the K562 
myelogenous leukemia cell line!’ were incubated at concentrations of 
5 x 10° cells/mL in enriched McCoy's 5A medium! with graded 
concentrations of 4HC at graded concentrations of autologous RBCs 
for 30 minutes at 37°C, To remove background red cells from the 
plates, red cells were lysed by incubating the mixture with 0.87% 
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NHC! for ten minutes after washing the cells. Parallel experiments 
revealed that the NHC! incubation did not alter the CFU-GM 
recovery. 4HC incubations with various concentrations of mononu- 
clear bone marrow cells, K562 cells, and fetal bovine serum (FBS), 
and with individual patient serum replacing the FBS, were also 
performed. 

Mononuclear bone marrow cells from 21 autologous bone marrow 
grafts, obtained prior to clinical purging with 4HC, and cells from 14 
healthy volunteers were incubated with graded concentrations of 
4HC at concentrations of 2 x 10’ cells/mL for 30 minutes at 37°C to 
determine individual CFU-GM sensitivities to the drug in the 
absence of RBCs. All experimental 4HC incubations were arrested 
by the addition of chilled medium, and the cells were washed twice. 

Colony assays. CFU-GM assays following the experimental 
incubations were performed using a modification of the technique 
described by Pike and Robinson. 2 x 10° mononuclear bone 
marrow cells/mL were cultured in enriched McCoy's 5A medium 
containing 0.3% agar and 10% human _placental-conditioned 
medium as a source of colony stimulating factor.'? CFU-GM assays 
performed on the clinical autologous marrow grafts and those done 
on normal marrows to establish individual CFU-GM sensitivity to 
4HC were performed as previously described.” Briefly, 5 x 10* to 
1 x 10° mononuclear marrow cells/mL were cultured in 1.32% 
methylcellulose containing alpha medium, 5% phytohemagglutinin- 
stimulated leukocyte-conditioned medium, 1% bovine serum albu- 
min (BSA), 30% fetal bovine serum (FBS), 10°° mol/L methylpred- 
nisolone, 1074 mol/L 2-mercaptoethanol, and | unit/mL erythro- 
poietin. Clonogenic assays of K562 cells were performed using 0.3% 
agar, enriched McCoy’s 5A medium, and between 200 and 10° 
cells/mL. Parallel experiments have shown that K562 colony growth 
is linear over this range, with inhibition of growth occurring at K562 
cell densities greater than 10° cells/mL. One milliliter of the bone 
marrow or K562 cell mixture was plated in 35-mm petri dishes. The 
plates were incubated for ten to 14 days in a humidified atmosphere 
containing 5% CO, at 37°C. Assays were performed in quadrupli- 
cate, and the plates were scored using an inverted microscope. A 
colony was considered to be an aggregate of 40 or more cells. 

Intracellular 4HC metabolism. Determination of intracellular 
metabolites of activated cyclophosphamide used 4HC prepared from 
(H-side chain] cyclophosphamide (Amersham) by the method of 
Hohorst et al.?' Cells were exposed to the radiolabeled 4HC (20 
uCi/umole) at 37° before being rapidly separated from the radioac- 
tive medium by centrifuging through oil to give a cell pellet that ts 
extracted by freeze-thawing at neutral pH. A protein-free extract 
was applied to a reverse phase C,, high-pressure liquid chromatogra- 
phy column and eluted with an ion-pairing solvent. Fractions of the 
eluate were collected and their radioactivity determined by scintilla- 
tion counting. The intracellular concentration of individual compo- 
nents of the mixture of metabolites was determined from the specific 
activity of the PH] 4HC and the intracellular volume of the cells 
being analyzed. 

Statistical evaluations. All the graphed data points from the 
preclinical studies were the means (+SEM) of two to four separate 
experiments performed in quadruplicate. The logarithms of percent 
surviving CFU-GM were plotted against the 4HC incubation con- 
centration. Linear regression analyses (using results of individual 
experiments rather than means) with calculation of Pearson's corre- 
lation coefficients and significance levels were performed. The 
logarithms of surviving CFU-GM after incubation with 100 ng/mL 
4HC were plotted against the respective 4HC incubation-packed 
RBC volumes for the clinical specimens. An exponential function, 
y = be™ (y = log of % surviving CFU-GM, x = incubation-packed 
RBC volume), was chosen as the best fit for the data. Linear 
regression analysis was employed to estimate the parameters a and b 


1491 


and to yield a correlation coefficient with significance level. The 
difference in the frequency of an increased CFU-GM sensitivity to 
4HC between patients and normal donors was compared by the 
chi-square test. 


RESULTS 


The effect of RBC concentration on the activity of 4HC 
against CFU-GM from healthy donors was assessed. Graded 
concentrations of 4HC were incubated with 5 x 10° mononu- 
clear marrow cells/mL for 30 minutes at 37°C at incubation- 
packed RBC volumes of 0%, 1%, 5%, 10%, and 20%. A 
significant linear relationship was found between the 4HC 
concentration and the logarithm of CFU-GM survival for 
each packed RBC volume tested (Fig 1). The 4HC activity 
against CFU-GM decreased with an increase in the RBC 
content of the incubation mixture. Similar effects of RBC on 
4HC activity against K562 cells were observed (Fig 2). 
Again there was a significant linear relationship between 
4HC concentration and the recovery of K562 clonogenic 
cells. Adding RBCs to the incubation mixture increased the 
survival of K562 cells. 

The effect of varying the concentration cf marrow mono- 
nuclear cells in the incubation mixture on 4HC activity was 
measured. Graded concentrations of 4HC were incubated 
with 5 x 10°, 10 x 10°, and 20 x 10° cells/mL for 30 
minutes at 37°C. The CFU-GM survival (log) was signif- 
cantly linearly related to the incubation dose of 4HC at each 
mononuclear cell concentration tested (Fig 3). The activity 
of 4HC also decreased with an increase in the concentration 
of mononuclear cells in the incubation mixture. Increasing 


% Surviving CFU-GM (log) 





§ 10 20 40 60 80 i00 
pg/ml 4HC 
Fig 1. CFU-GM dose response to 4HC as a function of incuba- 
tion hematocrit: @--@, 0%; O--O, 1%: W- -- -W 5%; 
jw -—{, 10%; A— —A, 20%. The respective regression equa- 


tions are: y = 1.98 — 0.091 x in = 46, r = —0.98); y = 1.99 — 
0.057 x (n = 36, r = —0.95): y = 1.98 — 0.027 x {n = 52,41 = 
—0.98); y = 1.94 — 0.022 x (n = 69,6 = -—0.94}; y = 1.98 ~ 
0.017 x {n = 62, r = ~—0.97). All correlation coefficients are 
significant at P < 107°. 
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Fig 2. K562 dose response to 4HC as a function of incubation 
hematocrit; @-—-@, 0% (y + 2 = 4.09 — 0.084 x, n = 44, r = 
~ 0.94); O - - - O, 10% {y + 2 = 4.36 —- 0.38 x {n = 48, r = —0.98). 
Both correlation coefficients are significant at P < 10 °°. The initial 
shoulders were not included in the linear regression analyses. 


the incubation concentration of K562 cells produced similar 
effects on the 4HC activity against these cells (data not 
shown). 

Evaluation of the relationship between the RBC concen- 
tration of the incubation mixture during clinical purging 
with 4HC and CFU-GM recovery was performed in 53 
consecutive patients undergoing autologous BMT. The incu- 
bation packed RBC volumes ranged from 4% to 23% with a 


% Surviving CFU-GM (log) 
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Fig 3. CFU-GM dose response to 4HC as a function of the 
incubation concentration of mononuclear bone marrow cells: 
@—--@. 5 x 10° cells/ml; O - - - O, 10 x 10° cells/ml; ME — - — Ð, 
20 x 10° cells/mL. The respective regression equations are: y = 
1.98 — 0.091 x {n = 46, r = —0.98): y = 2.04 — 0.057 x {n = 40, 
r = —0.99}); y = 2.0 — 0.034 x {n = 39,r = —0.98). All correlation 
coefficients are significant at P < 107°. 


JONES ET AL 


mean of 8.7%. The CFU-GM recovery after 4HC treatment 
ranged from 0.01% to 23.8% (mean 1.4%). There was a 
statistically significant positive correlation between the incu- 
bation-packed RBC volume and CFU-GM recovery (Fig 4). 

The individual CFU-GM sensitivity to 4HC was tested in 
21 of the patients undergoing autologous BMT and 14 
normal volunteers. Mononuclear bone marrow cells, 
obtained from autologous bone marrow grafts prior to clini- 
cal purging with 4HC, were incubated with graded concen- 
trations of 4HC at cell concentrations of 2 x 10° cells/mL 
for 30 minutes at 37°C. The individual CFU-GM sensitivity 
to 4HC was expressed as the slope of the individual dose 
response obtained by plotting the concentration of 4HC 
(ug/mL) in the incubation mixture v the logarithm of the 
percent CFU-GM survival. The mean (+SD) 4HC sensitiv- 
ity for the 14 normals was 0.03 + 0.008. CFU-GM sensitivity 
to 4HC was greater than 1 SD above the mean in only one of 
14 normal donors, while ten of 21 patients showed CFU-GM 
sensitivity to 4HC that was greater than 1 SD above the 
mean (P = .03). In addition, the CFU-GM sensitivity to 
4HC was over 4 SD above the mean in two of these ten 
patients. No patient or normal donor had CFU-GM sensitiv- 
ity to 4HC that was less than 1 SD below the mean. Differing 
concentrations of FBS or incubations with serum from 
different patients did not alter the 4HC sensitivities (data not 
shown). 

The metabolism of 4HC in RBCs was followed by analysis 
of the intracellular concentrations of activated cyclophos- 
phamide (4-hydroxycyclophosphamide), carboxyphospha- 
mide, and phosphoramide mustard, which together make up 
90% of the cyclophosphamide metabolites. Figure 5 indicates 
the concurrent disappearance of 4-hydroxycyclophospha- 
mide and the appearance of carboxyphosphamide for 10° 
RBCs/mL. This model predicts that 10° RBCs/mL (or 
approximately a 1% incubation-packed RBC volume) would 
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Fig 4. CFU-GM dose response to 4HC from patients undergo- 
ing autologous BMT based on incubation hematocrit. Regression 
equation is 2 — y = 3.54 e °°" (n = 53. r = 0.65, p < 0.01). 
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Fig 5. Analysis of cyclophosphamide metabolites in mouse 
RBCs; O-——O, hydroxycyclophosphamide; @—@. carboxyphos- 
phamide; (]-——(0, phosphoramide mustard. Mouse RBCs (10°/mL) 
in RPMI 1640 medium were exposed to 100 mol/L [°H] 
4-hydroperoxycyclophosphamide (20 uCi/umol} at 37°C. One- 
milliliter samples were removed at the times indicated and the 
celis analyzed for cyclophosphamide metabolites as described in 
the Methods” section. 





metabolize approximately 5 nmol (1.5 ug) of 4HC to inactive 
carboxyphosphamide during each minute of incubation. 


DISCUSSION 


We found that variations in the concentration of RBCs or 
nucleated bone marrow cells in the incubation mixture 
during purging with 4HC will significantly alter the 4HC 
activity against CFU-GM. It appears that the actual 4HC 
effect associated with 100 ug/mL of 4HC incubated with 
2x 10’ cells/mL and variable RBC concentrations ranges 
from that associated with 20 ng/mL to 80 wg /mL of 4HC in 
the absence of RBCs. This inhibitory effect of the RBCs on 
4HC activity also exists toward tumor cells. Therefore a high 
incubation RBC concentration during clinical purging with 
4HC would be expected to shorten hematologic recovery 
following autologous marrow transplantation but would also 
likely be associated with decreased tumor kill. Alternatively, 
a low incubation concentration of red cells should increase 
tumor kill but would significantly lengthen hematologic 
recovery. In addition, there is variation in CFU-GM sensitiv- 
ity to 4HC among individual patients, as also occurs during 
purging with mafosfamide for autologous BMT.’ Therefore 
the variable CFU-GM recoveries, and hence rates of hema- 
tologic recovery, seen after marrow purging with 4HC*” 
result from variable concentrations of RBCs in the incuba- 
tion mixture and individual patient differences in 4HC 
sensitivities, 

It appears that the decreased 4HC activity seen with 
increasing the number of RBCs in the incubation mixture is 
due to the aldehyde dehydrogenase content of these cells. 
RBCs have been previously shown to contain measurable 
aldehyde dehydrogenase activity,” and the metabolism of 
4HC in RBCs, as shown in Fig 5, is characteristic of a cell 
whose cyclophosphamide metabolism is dominated by alde- 
hyde dehydrogenase.” The very rapid consumption of acti- 
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vated cyclophosphamide is consistent with the reduced in 
vitro activity of 4HC that occurs with increasing the RBC 
concentration. It is likely that the decreased activity of 4HC 
seen with increasing the number of mononuclear marrow 
cells or K562 cells in the incubation mixture is also due to 
aldehyde dehydrogenase activity in these cells. Bone marrow 
precursor cells“ and K562 cells” have been shown to contain 
substantial amounts of this enzyme activity. It also has been 
shown that L1210 cells can develop resistance to cyclophos- 
phamide through increased aldehyde dehydrogenase activi- 
ty.” 

Bone marrow progenitors from patients previously treated 
with chemotherapeutic agents are frequently more sensitive 
to 4HC than progenitors from normal donors. This effect of 
previous therapy on drug sensitivity is the opposite of what 
occurs with malignant tumors.” The reasons for the develop- 
ment of increased CFU-GM sensitivity to 4HC in previously 
treated patients undergoing autologous BMT are unknown. 
Radiation recall of normal tissues is another example of prior 
therapy causing normal tissues to become more sensitive to 
later chemotherapy.” 

Two different culture conditions for CFU-GM assays 
were used in this study. The specimens from the studies 
shown in Figs 1 and 3 were assayed using standard conditions 
as described by Pike and Robinson.'* The specimens from the 
autologous marrow grafts, and from normals used to deter- 
mine individual patient CFU-GM sensitivity to 4HC, were 
assayed using an enriched methylcellulose culture system.” 
We found that the CFU-GM sensitivity to 4HC was not 
altered by the different culture conditions. The slope of dose 
response for 2 x 10’ mononuclear bone marrow cells from 
normals incubated with 4HC for 30 minutes at 37°C was 
0.03 using either the standard culture conditions (Fig 3) or 
the enriched methylcellulose culture system. We did find, 
however, that the enriched culture conditions allowed nearly 
a tenfold increase in CFU-GM cloning efficiency (data not 
shown). 

It is important to standardize incubation conditions during 
clinical marrow purging. As we have shown, RBCs contami- 
nating the incubation mixture for purging with 4HC are not 
inert. The mononuclear cell concentration, duration, and 
temperature of the incubation all affect the progenitor 
survival following treatment with 4HC. We have recently 
begun to adjust all incubation-packed red cell volumes to 7% 
during clinical purging with 4HC. This incubation RBC 
concentration was the value predicted by the regression line 
in Fig 4 fora CFU-GM recovery of 1.4%, the mean recovery 
seen in our study. Because of differences in CFU-GM 
sensitivity to mafosfamide between patients, Gorin et al? 
have suggested that the purging dose of this agent be 
individualized to ensure consistent engraftment. We have 
chosen, however, not to individualize the dosage of 4HC used 
in purging. We have found that just standardizing the RBC 
concentration of the incubation mixture prevents markedly 
prolonged granulocytopenia following autologous marrow 
transplantation. In addition, individualizing the dosage of a 
purging agent based on patient CFU-GM sensitivity does not 
take into account the potentially more important differences 
in individual tumor sensitivity to the purging agent. 
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A Specific Assay for Anti-HLA Antibodies: 
Application to Platelet Donor Selection 


By Frederick E. Millard, Patricia Tani, and Robert McMillan 


Alloimmunization to donor class | HLA antigens represents 
a major obstacle to successful platelet transfusion therapy. 
It is desirable to distinguish alloimmunization from nonim- 
munologic causes of poor platelet survival to assess the 
need for HLA-matched, single-donor platelets. We 
describe a new in vitro assay for anti-HLA antibodies and 
report its application to the problem of platelet cross- 
matching. In contrast to previously described crossmatch 
techniques, the immunobead assay is specific for anti-HLA 
antibodies. The assay was used to evaluate 517 single-donor 
platelet transfusions given to seven patients from 35 
different donors. Recipient plasma was assayed for anti- 
bodies directed against HLA antigens present on donor 
platelets. A one-hour posttransfusion corrected count 
increment of =7,500 was considered a successful out- 


INCE ITS BEGINNINGS over three quarters of a 
century ago,’ platelet transfusion therapy has played an 
increasingly important role in the supportive care of patients 
with bone marrow failure. A significant proportion of recip- 
ients become refractory to repeated transfusions from ran- 
dom donors due to alloantibodies to foreign class | HLA 
antigens present on the platelet surface.*” Yankee et al first 
demonstrated that HLA-matched platelets from single 
donors frequently give good increments in this situation.*” 
Unfortunately, HLA-matched donors are available for only 
a minority of allommunized patients, and the response to 
partially matched donors is less predictable.*’ The recogni- 
tion of cross-reacting groups and the differential expression 
of certain HLA antigens (eg, B12) on platelets has facili- 
tated educated guessing during donor selection®''; however, 
a means of selecting appropriate donors without resorting to 
trial and error would be advantageous. A variety of 
approaches to platelet crossmatching have been investigated, 
but none has proved sufficiently convenient and reliable to 
become generally accepted.'””? In this report, we describe 
and characterize a new method of identifying anti-HLA 
alloantibodies. The method was used to evaluate 51 transfu- 
sion episodes in seven patients. A platelet radioactive anti- 
globulin test (RAGT) was performed simultaneously and the 
results compared with the immunobead results. 


MATERIALS AND METHODS 
Patient and Donor Population 


Fifty-one transfusion episodes involving seven patients with bone 
marrow failure were studied (Table 1). All were refractory to 
random donor platelets before entry into the study. Transfusion 
episodes associated with fever, infection, or splenomegaly were not 
routinely excluded if good increments from any donor were seen 
within 24 hours. No patient demonstrated evidence of disseminated 
intravascular coagulation during the study period. Patient no. | was 
dropped from the study when he became refractory to all donors a 
few days before his death, associated with adult respiratory distress 
syndrome (ARDS) and mechanical ventilation. Patient no. 2 was 
dropped from the study when he became persistently febrile and 
refractory to all donors. He was subsequently determined to have a 
disseminated fungal infection. Donors were selected from family 
members when possible (n = 16), otherwise from paid community 
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come. Twenty-nine of 33 (87.9%) transfusion episodes 
associated with a negative immunobead assay had suc- 
cessful outcomes. The four unsuccessful transfusions were 
associated with potential nonimmunologic causes of poor 
platelet survival. Only two of 18 (11.1%) episodes asso- 
ciated with a positive assay had successful outcomes. Only 
one unsuccessful transfusion episode was associated with 
a negative immunobead assay and a positive radiolabeled 
antiglobulin test result, which suggested that isolated 
alloantibodies to antigens other than class | HLA antigens 
are not a common cause of platelet refractoriness. Piete- 
lets stored in suspension at 4°C or frozen in liquid nitrogen 
were found suitable for crossmatch testing. 

© 1987 by Grune & Stratton, inc. 


volunteers (n = 35). HLA matching was as follows: A, 9; B/B2X, 5; 
C, 19: D, 8: unknown, related, 7; unknown, unrelated, 3.” 


Assessment of Transfusion Outcome 


Each transfusion episode was evaluated by computing the one- 
hour corrected count increment (CCH from the following standard 
formula: (one-hour postcount pretransfusion count) x bedy 
surface area in square meters /number of platelets transfused /10" = 
t-hour CCI. When available, a later CCI ($ to 24 hours) was also 
calculated. A successful outcome was defined as a one-hour CCI 
of >7,500. In one instance, a one-hour CCI of 7,289 with a six-hour 
CCI of 4,252 was considered “successful” when a transfusion from 
an HLA-matched sibling given less than 24 hours later gave a 
one-hour CCI of 8,391 and six-hour CCI of 2,670. In two instances 
where one-hour platelet postcounts were not available, an eight-hour 
CCI <0 not associated with overt nonimmunologic causes of poor 
platelet survival was considered evidence of an unsuccessful transfu- 
sion outcome. 


Murine Monoclonal Antibodies 


HB-43 is an IgG« antibody derived from the 1410K67 cell line, 
which recognizes the Fe portion of human IgG. HB-95 is an IgG2 
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Table 1. Patient Characteristics 








Evaluable Number of 

Patient Age/Sex Diagnosis Transfusions Different Donors 

1 42/M AA, alio-BMT 22 14 

2 32/M ALL, auto-BMT 2 2 

3 21/M AML 5 3 

4 36/F AML 2 2 

5 41/M AML. 1 1 

6 71/M AML 17 t1 

7 57/M Secondary MDA —> 2 2 

AML. 

Totals 51 35 





Abbreviatons: AA, aplastic anemia; allo-BMT, allogeneic bone marrow 
transplantation; auto-BMT, autologous bone marrow transplantation; 
AML, acute myelogenous leukemia; MDS, myelodysplastic syndrome. 


antibody derived from the W6/32 cell line, which recognizes a 
monomorphic epitope on the heavy chain of human HLA-A, -B, 
and -C antigens.” The intact heterodimer is required for full expres- 
sion of the epitope, although HB-95 binds weakly to isolated heavy 
chains.” Both cell lines were obtained from the American Type 
Culture Collection (Rockville, MD) and were used to produce 
ascites in Pristane-primed BALB/c mice from which antibody was 
purified by protein A affinity chromatography. I labeling was 
accomplished by the chloramine-T procedure.” 


Preparation and Storage of Platelets 


Normal platelets. Blood from normal adult volunteers was 
drawn into EDTA and platelet-rich plasma separated by centrifuga- 
tion at 400 g for ten minutes. The platelets were pelleted by 
centrifugation at 1,000 g for 15 minutes, washed four times with 1.0 
mL of 0.05 mol/L citrate buffer (14.7 g sodium citrate, 5.9 g sodium 
chloride, and 25.0 g dextrose in 1,000 mL distilled H,O, all of which 
was adjusted to pH 6.2 with 0.05 mol/L citric acid), and resus- 
pended in citrate buffer to approximately 10°/mL. Platelets were 
used fresh or stored in suspension at 4°C for 24 to 48 hours. 

Donor platelets. Approximately 3 mL of platelet concentrate 
was obtained at the end of each pheresis procedure. This was divided 
into 1-mL aliquots and centrifuged at 750 g for 90 seconds to remove 
red cells. The platelets were centrifuged at 3,000 g for five minutes 
and washed four times. The platelet concentrate could be kept for 24 
to 48 hours at 4°C before washing without affecting assay results. 

Platelet storage. To assess the effect of storage on the immuno- 
bead assay, 1.0-mL platelet aliquots (1.3 x 10°) from two normal 
donors were stored both in suspension at 4°C and by freezing in 
liquid nitrogen and then tested at intervals of 1, 6, 15, 30, 60, and 
120 days against two control plasmas and two plasmas known to 
contain high-titer anti- HLA antibodies. Platelets to be frozen were 
suspended in autologous plasma with 5% dimethylsulfoxide in plastic 
tubes, frozen at — 70°C overnight, then kept in liquid nitrogen. After 
thawing in a 37°C water bath, they were washed twice, resuspended 
in approximately | mL of citrate buffer, and counted. Parallel 
aliquots were suspended in normal saline with 0.02% sodium azide in 
plastic tubes and kept at 4°C. Before assay, the platelets were 
resuspended by pipetting, washed twice, and counted. 


Preparation and Storage of Plasma and Serum 


All assays were conducted on plasma, except as noted. Plasma was 
separated from EDTA-anticoagulated whole blood by centrifugation 
at 1,000 g for 15 minutes and kept in polypropylene tubes. Test 
plasma was obtained from recipients before transfusion and after 
any preceding transfusions whenever possible. In no case was test 
plasma obtained after the transfusion of interest. Positive control 
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plasmas were obtained from multiply transfused individuals with 
known high-titer, broad-spectrum anti-HLA antibodies as demon- 
strated with the immunobead assay against a panel of normal! 
platelets. Negative control plasmas were obtained from normal 
volunteers with no history of transfusion or pregnancy. Both positive 
and negative control plasmas were ultracentrifuged at 100,000 rpm 
for one hour. All plasmas were used fresh or stored frozen at — 70°C, 
Repeated freezing and thawing was avoided. 

Sera were prepared from a small number of positive and negative 
control plasmas by incubation in glass tubes in the presence of CaCl, 
and thrombin. 


Immunobead Assay 


The assay ts depicted schematically in Fig 1. Aliquots of 10* donor 
platelets were sensitized by incubation with 100 mL of test or control 
plasma for one hour in plastic tubes. The sensitized platelets were 
washed three times, resuspended in 900 mL. of citrate buffer, and 
solubilized by adding 100 mL of 10% Triton X-100. If the assay was 
to be completed the same day, the lysate was centrifuged at 3,000 g 
for five minutes and the supernatant transferred to 15-mL polypro- 
pyiene tubes. The lysate could be frozen at — 20°C after solubiliza- 
tion and the assay completed at a later date without affecting the 
results. 

immunobeads were prepared by incubating Vin polystyrene 
beads (#0023804, Pierce Chemical Co, Rockford, IL.) with antihu- 
man IgG (HB-43, 10 wg/bead) in 0.5 mL per bead of 0.01 mol/L 
NaHCO, buffer (pH 8.5) for one hour on a rotator. After four 
washes with 1.0 mL phosphate-buffered saline (PBS) Tween, they 
were incubated for an additional hour with 2% bovine serum 
albumin (1 mL/bead) to block residual binding sites. After four 
more washes, one bead was added to each tube containing platelet 
lysate and incubated with constant agitation for one hour. During 
this incubation, IgG alloantibodies that had been bound to the 
platelet before solubilization attach via the Fe portion to the HB-43 
bound to the bead. The class | HLA antigen remains bound to the 
Fab portion of the alloantibody after solubilization and is thus bound 
indirectly to the bead. The beads were washed four more times in 
PBS-Tween, and incubated for one hour with 400.000 cpm of 
'*°1-labeled monoclonal anti- HLA antibody (HB-95) in | mL PBS- 
Tween. After four final washes, the beads were dried on a paper 
towel and counted in a Beckman gamma counter (Beckman Instru- 
ments, Inc, Fullerton, CA). All incubations were carried out at room 
temperature. 

The test of interest was run in triplicate along with duplicates of 
one positive and two negative controls. One technician could run 24 
simultaneous assays in approximately six hours. 


RAGT 


The RAGT was performed by a modification of the method of 
LoBuglio et al.” Briefly, 10° washed platelets were sensitized by 
incubation with 100 mL of plasma for one hour at room temperature 
and then washed three times in citrate buffer. A 3 x 10’-aliquot was 
incubated for 30 minutes with 300,000 cpm of ‘I-labeled antihu- 


* 
Anti-HLA 
PS HLA Antigen 


Y Alloantibody 


Anti-lg 
Fig 1. Schematic representation of 
the antigen-antibody “sandwich that 
remains fixed to the polystyrene bead at 
the end of the assay. The anti-igG is immunobead 
HB-43 and the anti-HLA, HB-95. Assay 
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man IgG (HB-43). Triplicate 50-mL aliquots containing 6 x 10° 
platelets were layered over 200 mL of 30% sucrose in 400-yL plastic 
microcentrifuge tubes with tapered tips and centrifuged at 11,000 g 
for five minutes. After quick-freezing at — 70°C, the tips containing 
the platelet button were removed and counted in a Beckman gamma 
counter. 


Statistics 


The overall predictive values of the immunobead and RAGT 
assays were compared with the binomial proportions test. 


RESULTS 
Characterization of the Immunobead Assay 


Triplicate assays using 12 negative contro] plasmas 
against the same normal platelets gave a mean percent 
variation of 8.7% + 9.0% (1 SD). Absolute values of negative 
controls generally fell in the range of 80 to 300 cpm. A single 
negative control plasma was also tested against the same 
platelets ten times and gave a mean percent variation of 
6.3% + 6.6%. Assays run using citrate buffer in place of 
plasma gave results comparable to negative controls. 

To assess the possibility that the assay might recognize 
antiplatelet antibodies directed against non-HLA antigens, 
plasmas from 18 patients with the clinical syndrome of 
idiopathic thrombocytopenic purpura were tested against 
normal platelets. Seven of these had plasma autoantibodies 
to the glycoprotein (GP) Hb/HIa complex, two had autoan- 
tibodies to glycoprotein Ib, and the remainder gave negative 
results for both these autoantibodies. Three plasmas gave 
positive results in the immunobead assay, two with GP 
Hb/Ila autoantibodies and one with a strong antiplatelet 
autoantibody without demonstrable specificity. All three 
patients had a history of pregnancy and/or transfusion. Of 
the negatives, eight had a history of pregnancy or transfu- 
sion, two did not, and in five cases these data were not 
available. 

Seven positive and seven negative controls were run with 
serum and compared with results using plasma. No signifi- 
cant difference was noted between negative controls. The 
absolute value of serum-positive controls averaged 60% of 
plasma values. No positives were missed by using serum. 


Interpretation of Assay Results 


The mean test result was divided by the mean of the 
negative controls to give a test/control ratio (TCR). Experi- 
ments with 12 normals gave a mean normal TCR of 1.00 + 
0.14 (1 SD). A TCR of <1.43 was initially defined as 
negative and included 3 SD. In practice, TCRs between 1.43 
and 3.0 were associated with successful transfusion outcomes 
in five of six cases. This was interpreted as evidence that the 
immunobead assay can detect levels of alloantibody below 
that necessary to significantly affect platelet survival. That 
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this was not due to random variation is supported by the 
observation that all nine A match transfusions were asso- 
ciated with TCRs <1.43. For clinical purposes, therefore, a 
TCR of <3.0 was considered negative and predictive of a 
successful transfusion outcome. 

A TCR of <2.0 was empirically defined as negative for the 
RAGT by similar retrospective data analysis. 


Correlation With Transfusion Outcome 


Each evaluable transfusion episode was categorized 
according to whether the immunobead assay was positive 
(TCR, >3.0) or negative (TCR < 3.0) and the outcome 
successful (one-hour CCI, =7,500) or unsuccessful (one- 
hour CCI, <7,500). The data for both the immunobead assay 
and the RAGT are summarized in Table 2. The immuno- 
bead assay was positive in 18 episodes; 16 of 18 (88.9%) had 
unsuccessful outcomes. In 33 cases the assay was negative; 
29 of 33 (87.9%) had successful outcomes. The mean one- 
hour CCI was 2,199 for assay-positive episodes and 13,072 
for assay-negative episodes. 

Twenty-one episodes were RAGT-positive; 15 of 21 
(71.4%) had an unsuccessful outcome. Of the 30 RAGT- 
negative episodes, 25 of 30 (83.3%) had a successful out- 
come. The mean one-hour CCI was 3,897 for RAGT-positive 
episodes and 11,118 for RAGT-negative episodes. 

Thus, the immunobead assay correctly predicted the out- 
come of 45 of 51 (88.2%) transfusion episodes, whereas the 
RAGT was correct in 40 of 51 (78.4%) episodes. The 
difference was not statistically significant (P = .14). 

In a single instance (involving patient 1), a patient-donor 
combination initially associated with a positive immunobead 
assay and an unsuccessful outcome gave a negative assay and 
a successful outcome | month later. The initial transfusion 
was given just before preparation for bone marrow transplan- 
tation with high-dose cyclophosphamide and total nodal 
irradiation, which suggests that the alloantibody-producing 
lymphocytes were ablated, after which preformed antibody 
disappeared. 

Figure 2 displays a plot of TCR v one-hour CCI that 
demonstrates the definition between positive and negative 
results. 


Misclassified Transfusion Episodes 


Of the six episodes misclassified by the immunobead 
assay, only one was correctly classified by the RAGT. Six of 
the 11 episodes misclassified by the RAGT were correctly 
classified by the immunobead assay. In five instances, both 
tests gave misleading results. 

In the first immunobead assay—positive, successful out- 
come episode (patient no. 1), the TCR was 5.3 and the 
one-hour CCI, 16,897. The six-hour platelet postcount had 
fallen to below the pretransfusion level. The second case 


Tabie 2. Correlation of immunobead and RAGT Results With Transfusion Outcome 








Assay-Positive 
CCI < 7,500 CCI > 7,500 
immunobead 16/18 (88.9%) 2/18 (11.1%) 
RAGT 15/21 (71.4%) 6/21 (28.6%) 


arm rnynrysinvmnyartlan hnm nanan 


Assay-Negative 


CC! > 7,500 


28/33 (87.9%) 
26/30 (83.3%) 


CCi < 7,500 


4/33 (12.1%) 
5/30 (16.7%) 
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Fig2. Plot of TCR v one-hour CCI for 51 transfusion episodes. 


A relatively sharp definition between positive and negative assays 
is seen. 


(patient no. 6) had a TCR of 253.7 (the second highest 
recorded during the study), a one-hour CCI of 10,806, and a 
16-hour CCI of 1,965. When the same donor was used again 
4 weeks later, the TCR was 183 and the eight-hour CCI, 0. 
Both patients had unsuccessful outcomes with other donors 
associated with a positive immunobead assay. 

The four assay-negative, unsuccessful outcome cases were 
all associated with potential non—alloantibody-related causes 
of poor platelet survival. The first (patient no. 2) was 
associated with fever and occurred five days before the 
patient became refractory to all donors and was dropped 
from the study (see the section Patient and Donor Popula- 
tion). The other three involved patient no. 1: the first 
occurred when platelets were given simultaneously with a 
granulocyte transfusion—associated febrile reaction, and the 
other two occurred after the patient had been intubated for 
ARDS but before he became refractory to all donors. 


Feasibility of Using Stored Platelets 


The mean positive control/negative control ratios for both 
platelet donors at each time interval are displayed in Table 3. 
The results indicate a significant deterioration in antigenic 
integrity or availability between one and six days, after 
which no further major deterioration was detectable through 
the longest interval tested (120 days). Platelets stored in 
suspension at 4°C maintained antigenic integrity slightly 
better than did the frozen platelets, although the difference 


Table 3. immunobead Assay Results Using Platelets Stored 
Frozen in Liquid Nitrogen and in Suspension at 4°C 





Day of Storage 


Storage Method 1 6 15 30 60 120 
a at a cata eta pee oe tea Se eat, 
Platelet donor no. 1 


4°C 53.8* 26.7 23.9 25.7 21.0 23.2 

Liquid N, 32.6 20.7 23.9 25.3 10.5 23.2 
Platelet donor no. 2 

4°C 103.0 33.6 49.3 53.1 48.6 43.3 

Liquid N, 71.5 30.6 35.6 40.5 32.0 44.4 


eh a a a a ge a 
*Data are presented as mean positive control/negative control ratios. 
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was not marked. Although the positive controls used here 
remained markedly positive throughout the study, it is 
conceivable that plasmas with lower titers of anti- HLA 
antibody might become negative when tested against stored 
platelets. There was no significant loss of platelets due to 
storage during the study period. 


DISCUSSION 

The immunobead assay was originally developed to detect 
autoantibodies against platelet membrane glycoproteins.” 
We have adapted the assay to the study of alloantibodies to 
class I HLA antigens and applied it to the problem of platelet 
crossmatching. The results indicate the assay has sufficient 
predictive value to warrant wider-scale application. 

The potential contributions of a reliable crossmatch tech- 
nique to the conservation of bleod bank resources and 
improved patient care are considerable. The incidence of 
alloimmunization in patients receiving repeated transfusions 
is estimated to be at least 50%, with only a small fraction 
having an HLA-matched related donor available.” One 
large center drawing on an HLA-typed pool of over 2,400 
donors found an average of only 1.3 A-matched donors per 
patient, with 25% of patients having no A or B matches.’ 
Most physicians treating alloimmunized patients have con- 
siderably smaller donor pools available. The use of partially 
mismatched platelets greatly enhances the usefulness of 
small donor pools but requires a reliable crossmatch tech- 
nique for optimal utilization. 

Ideally, prospective donors would have platelets stored 
when they enter the donor pool. When a patient with a poor 
response to random donor platelets is encountered, his or her 
plasma could be assayed against a small panel of normal 
platelets chosen to represent the common HLA antigens. If 
negative, it could be assumed that a problem other than 
alloimmunization against HLA antigens exists and the 
expense of single-donor platelets avoided. If positive, HLA- 
matched platelets would be indicated. In the majority of 
cases where these are not available, the best matches could 
be pulled from the donor pool and their stored platelets 
tested, selecting those who test negative. Although our 
storage study extended only 120 days, other studies suggest 
that much longer storage periods are feasible?” 

One potential drawback to the immunobead assay is its 
HLA specificity. Many authors have suggested that alloanti- 
bodies to platelet-specifie antigens account for some percent- 
age of transfusion failures, usually based on poor response to 
HLA-identical platelets and/or the lack of demonstrable 
lymphocytotoxic antibody. 833 However, alloantibodies 
to platelet-specific antigens have been difficult to demon- 
strate conclusively in this setting, and their true significance 
remains uncertain. Herman et al used Western blots to study 
seven patients refractory to HLA-matched platelets and 
were unable to demonstrate antibody to platelet-specific 
antigen on the GP Hb/Hla molecule.” They concluded that 
antibodies to platelet-specific antigens are not commonly 
present. Our finding of only one in 51 instances of poor 
transfusion outcome where the RAGT was positive and the 
immunobead assay negative tends to support this. It seems 
more likely that unrecognized nonimmunologic factors 
account for many if not all of these cases. However, it would 
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seem prudent at present to use the RAGT or a similar 
non—HLA-specific assay to evaluate the presence of antibody 
to other platelet-associated antigens in cases where the 
HLA-specific immunobead assay is negative in the face of 
poor platelet survival. 
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T Cell Receptor (a, 8, y) Gene Rearrangements and Expression in Normal and 
Leukemic Large Granular Lymphocytes /Natural Killer Cells 


By Pier-Giuseppe Pelicci, Paola Allavena, Milayna Subar, Alessandro Rambaldi, Anna Pirelli, Maria Di Bello, Tiziano 
Barbui, Daniel M. Knowles II, Riccardo Dalla-Favera, and Alberto Mantovani 


The large granular lymphocyte {LGL} population, which 
effects a natural killer (NK) function, consists of cells 
whose lineage derivation has not been clearly established 
on the basis of phenotypic and functional properties. To 
clarify the relationship of LGL/NK celis to T cells we 
studied patterns of rearrangement and expression of the T 
cell receptor (Ti) genes a, 8, and Y in normal human LGLs: 
in CD8*, CD8™, Mol’, and Mol” LGL subsets: and in 17 
cases of leukemic LGL proliferations (TyLPD). T,, Ts, and 
T, genes were not expressed, nor were T; and T, genes 
rearranged in normal LGLs or LGL subsets. The T,LPD 
were divided into two groups. One group (15/17 cases) 
was characterized as CD3* and displayed Ti gene rear- 
rangements. Seven of these cases were reactive with 
monoclonal antibody WT31, which suggested expression 
of an a/ĝ heterodimer on the cell surface. The other group 


ARGE GRANULAR LYMPHOCYTES (LGL) are 
the principal effectors of natural killer (NK) function 
and antibody-dependent cell-mediated cytotoxicity (ADCC, 
K cell activity). They function in vivo as effectors of natural 
resistance against foreign cells, certain infectious agents, and 
tumor cells.'* The LGL/NK population is heterogeneous 
and consists of cells sharing phenotypic and functional 
properties with both T cells and myelomonocytic cells.'? As a 
result, their precise lineage derivation and mechanisms of 
immune function have remained unresolved and their place 
in hematopoietic differentiation pathways unclear. 
The relationship of LGL development and function to the 
T cell lineage can be approached by analyzing T cell receptor 
gene rearrangements and expression. Two genes, T,’* and 
T,°° code for the complete T cell antigen receptor molecule in 
thymocytes and in peripheral blood T cells.’ Tg gene rear- 
rangements precede T, gene rearrangements** and occur in 
all functional T cell subsets early during thymic differentia- 
tion.”'' A third gene, the T, gene, isolated from cytotoxic T 
cells is also a T cell-specific rearranging gene.'* The T, 
gene is believed to rearrange even earlier in T cell differentia- 
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(2/17 cases) was CD3° with unrearranged Ti genes. These 
results indicate that the normal LGL/NK population is 
homogeneous and distinct from the normal T cell popula- 
tion because it does not express, and as a result, cannot 
effect its immune function through the T cell receptor 
molecules. Conversely, TyLPDs represent a heteroge- 
neous group of lymphoproliferative diseases within which 
the CD3 `, Ti cases most likely represent the neoplastic 
counterpart of normal LGL cells. The more frequent CD3* 
cases may be related to recently described NK-like T cells. 
The observations that normal LGLs maintain germline T, 
genes and that many CD3" TyLPD display an a/8 hetero- 
dimer suggest that a T,-containing receptor may not be 
necessary for NK or NK-like cytotoxicity. 
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tion, before the T, gene.'* Thus, T, and T, gene rearrange- 
ments represent early and irreversible markers of the T cel! 
lineage, whereas T; and T, gene expression correlates with 
expression of the T cell antigen receptor molecule. 

Analyses of T cell receptor gene rearrangement and 
expression in various normal or neoplastic clonal LGL/NK 
populations derived from different species have led to a 
complex set of results that does not provide conclusions as to 
the lineage derivation or mechanisms of immune function of 
LGL/NK cells.'*? The majority of normal and neoplastic 
human NK clones'*’* and all mouse NK clones'”"* displayed 
Ts gene rearrangements and variably expressed Ta mRNA; a 
minority of human NK clones, both normal and neoplas- 
tic,'*"* and all rat NK cell leukemias" displayed the germline 
configuration of the T, gene and did not express Ta mRNA. 
Circulating LGL/NK cells freshly isolated from normal 
individuals display the germline configuration of the T, and 
T, genes”! and express a truncated version (1.0 kilobase 
[kb]) of the normal Ty mRNA (1.2 kb).” These discrepan- 
cies may reflect different criteria used for LGL./NK selec- 
tion, the presence of heterogenous LGL/NK subpopulations, 
differences between normal and neoplastic LGL /NK cells, 
and finally, differences between different animal species. 
Based on these considerations, we comprehensively analyzed 
the genomic organization and patterns of expression of T cell 
receptor genes in normal and neoplastic human LGL/NK 
cells and in NK subpopulations selected according to their 
expression of T cell or myelomonocytic surface markers. We 
have extended previous studies on the T; gene by including 
studies on T, gene expression and on T, gene rearrangements 
and expression. Our data indicate that normal LGL/NK 
cells are ontogenically and functionally distinct from T 
cells. 


MATERIALS AND METHODS 


Isolation of Peripheral Blood LGLs, T Lymphocytes, 
and Thymocytes 

Isolation of LGLs. | Normal mononuclear cells were isolated by 
Ficoll-Hypaque density gradient centrifugation of fresh heparinized 
peripheral blood obtained from healthy donors. The peripheral blood 
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mononuclear cells were depleted of monocytes by plastic adherence 
and passage over a nylon wool column and were then fractioned on a 
six-step Percoll gradient ranging from 35% to 47.5%." Cells from 
the low-density fractions (60% to 80% LGLs, 20 x 10° cell/mL) 
were collected and further depleted of mature T cells by repeated 
30-minute incubations with monoclonal antibody (MoAb) OKT3 
(diluted 1:100; gift of Dr E. Reinherz, Boston) or MoAb Leu-l 
(Becton Dickinson, Mountain View, CA) and 60-minute incubations 
with complement (diluted 1:4, Pel-Freeze Laboratories, Rogers, 
AR). The purity of each LGL preparation was assessed by morphol- 
ogy, the expression of MoAb-defined cell surface antigens, and in 
vitro cytotoxic activity (see Table 1). Purified fractions of phenotypi- 
cally distinct LGL/NK subpopulations were then obtained by 
column immunoabsorption or cell sorting” using MoAbs OKT8 and 
Mol, which identify phenotypically? and functionally*” distinct 
LGL/NK subsets. MoAb OKT8 recognizes the CD8 antigen, which 
is present on the mature T cell subset commonly associated with 
suppressor /cytotoxic function” and on approximately 30% of LGLs 
(Table 1}. MoAb Mol reacts with the Mol epitope of the C3bi 
receptor,’ which is present on monocytes, myeloid cells,’ and 
approximately 70% of LGLs (Table 1).2°7" 

T lymphocytes. Peripheral blood T lymphocytes were isolated 
by fractionation of peripheral blood mononuclear cells on a Ficoll- 
Hypaque density gradient according to their capacity to form E 
rosettes with Vibrio cholerae neuraminidase-treated sheep erythro- 
cytes.” The E* fraction consisted of >95% F cells as determined by 
CD3 expression. The E* fraction was incubated with OKTS8 and 
OKT4 MoAbs and complement at 37°C to obtain purified fractions 
of CD4* and CD8* cells, respectively. The resulting cell populations 
were 95% pure as determined by CD4 and CD8 expression. 

Thymocytes. Thymocytes were isolated from portions of thy- 
muses collected during the course of cardiac surgery. 

MoAb-defined cell surface markers and morphology. The sur- 
face immunophenotype of the isolated cells was determined by 
indirect immunofluorescence using a Zeiss microscope and/or a 
FACS IV (Becton Dickinson). The following panel of MoAbs was 
used: OKT3, OKT6, OKT8, OKTI1 (Ortho Diagnostic Systems, 
Inc, Raritan, NJ, or the gift of Dr Reinherz, Dana-Farber Cancer 
Institute, Boston); HNK-1 (courtesy of Dr Abo, Birmingham, AL), 
which is reactive with NK cells and a subset of T cells’; B73.1 
(courtesy of Dr G. Trinchieri, Philadelphia)’ and AB8.28 (courtesy 
of Dr Malavasi, Turin, Italy)** both reactive with a structure closely 
associated with the Fe, receptor of LGLs, N901, reactive with LGLs 
and some myeloid precursors (courtesy of Dr J. Griffin, Boston),”° 
WT31, reactive with a common epitope of the T cell receptor a/@ 
heterodimer (courtesy of Dr W.J.N. Tax, Amsterdam”), Leu-11, 
reactive with the CD16 antigen; and Leu-7 (Becton Dickinson 
Monoclonal Center, Inc, Mountain View, CA). 


Table 1. Phenotypic and Functional Analysis of 
LGLs and LGL Subpopulations 





Phenotypic Markers* 
CD3 Moi HNK1 N901 NK ADCC 


Cytotoxicity 
LGL Population CD8 
LGL 30 0 70 65 60 42 22 


LGL-CD8 + 97 O 44 61 ND 36 14 
LGL-CD8 — <5 QO 44 38 ND 4} 16 
iLGL-Moi+ ND Oo 99 46 ND 46 23 
LGL-Moil — 31 0 0 3 ND 3 2 
T lymphocytes 45 98 0 0 ND 2 1 





Abbreviation: ND, not done. 

*Numbers represent the percentage of positive cells for each of the 
MoAb stainings. 

+Results are expressed as means and refer to an E:T ratio of 50:1. 
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Cytotoxicity assays. NK activity was assessed by using the 
K 562 cell line at effector-to-target cell (E:T) ratios ranging from 
25:1 to 100:1 in a four-hour in a "Cr release assay as previously 
described. For ADCC, *'Cr-labeled TLX9 murine lymphoma cells 
sensitized with 1:10,000 rabbit antibody were used as targets in a 
four-hour test. 

DNA extraction and Southern blot analysis, DNA was pre- 
pared by cell lysis, proteinase K digestion, extraction with phenol, 
and precipitation with ethanol.” Fifteen micrograms of DNA were 
digested with the appropriate restriction endonuclease, electropho- 
resed in a 0.8% agarose gel, denatured, neutralized, transferred to a 
nitrocellulose filter, and hybridized and washed according to South- 
ern.” Hybridized filters were boiled for five minutes in distilled H,O 
before hybridization to a second DNA probe. 

RNA extraction and Northern blot analysis. Total cellular 
RNA was extracted according to the guanidine-~isothrocyanate 
method.” Five to 10 ug of purified total RNA were electrophoresed 
ina 1% formaldehyde—containing agarose gel, transferred to nitro- 
cellulose, hybridized, and washed according to established proce- 
dures.” 


DNA Probes 


Ta probe. The T; probe used in this study was derived from a 
human T, cDNA clone (YTJ-2) isolated from the Jurkat-2 T 
lymphoma cell line (courtesy of Dr Tak Mak).° This clone hybridizes 
to both alleles (Cy, and C,,) of the constant region and to one or more 
alleles of the variable regions." 

T, probes. Three different T, probes were used in this study. 
The Ca/Cb and V2 probes were derived from two human T, cDNAs. 
The F,7 cDNA isolated from the Fro 2.2 T lymphoma cell line 
represents an aberrantly rearranged T, allele.” The V2 probe is 
representative of the variable region of F,7 cDNA and belongs to the 
VI variable region family.” The T,S cDNA isolated from a 
peripheral T cell library represents a truncated T, constant region. 
The Ca/Cb probe represents the first exon of T,5 cDNA (M. Subar 
et al, submitted for publication). The pJx2 probe is a genomic probe 
derived from the G2.0 T, genomic phage isolated from a Charon 4A 
human placental library. It represents a unique EcoRI-Hindlil 
fragment containing the putative J region of the F,7 cDNA clone.” 
The positions of these three probes with respect to the F,7 and T,5 
cDNA clones and the human T, gene are schematically represented 
in Fig 1. DNA fragments were “P labeled by nick-translation” for 
use as probes. 


RESULTS 


Analysis of T Cell Receptor (a,8} Gene Rearrangements 
and Expression in LGL/NK Cells and Subsets 


Freshly isolated peripheral blood LGLs display the germ- 
line organization of the T, gene but express a truncated 
version of T; mRNA.” However, the majority of clonal 
LGL/NK cell populations display T; gene rearrange- 
ments.'*!? Because T cells invariably display Ta gene rear- 
rangements and expression, these data do not permit an 
unequivocal understanding of the relationship between 
LGL/NK cells and T cells. To clarify this issue, we tested the 
hypothesis that minor LGL/NK subpopulations may display 
T cell receptor gene rearrangements. This hypothesis is 
particularly relevant in view of the fact that (a) a minor 
LGL/NK subpopulation (30%, see Table 1) is identifiable 
by the expression of the T cell-specific CD8 antigen and (b) 
a minor LGL/NK subpopulation carrying T; gene rear- 
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Restriction enzyme maps of the human T, locus and of the F,7 human T, cDNA. (a) The two genes (C1, C2) that comsose the Ey 


constant region locus are indicated. Exons |, ll a to c, and lil are labeled and indicatad by boxes. The pJx2 proba is as shown. (3) The leader 
(L), variable {V}, joining (J) and three constant region exons (Ct, Cll, CII) that compose F,7 cDNA are indicated. The bar belaw the map 
indicates a probe representative of the F,7 variable region (V2). The area equivalent to the Ca/Cb probe derived from the first exon of the 


T,5 cDNA is indicated. 


rangements could escape analysis when the total LGL/NK 
population was examined. For these reasons, we analyzed the 
organization and expression of T cell receptor a and 8 genes 
in phenotypically distinct LGL/NK cell subpopulations as 
well as in unfractionated normal LGL/NK cells. 

The genomic organization of the T; gene was investigated 
by Southern blot hybridization using a DNA probe specific 
for the human T, gene locus. We had previously shown that 
hybridization of this probe to EcoRI-digested DNAs allows 
the detection of T; gene rearrangements in both monoclonal 
and polyclonal T cell populations.” The biallelic rearrange- 
ment of part of the constant region (TsC) can be recognized 
as a loss of the 12.0-kb EcoRI band corresponding to the C,, 
region in normal, polyclonal human thymocytes and T 
lymphocytes“ (see Fig 2, lane T-L). When the total LGL/ 
NK population was studied in this manner, the T, gene was 
found in its unrearranged germline configuration. Identical 
results were obtained in purified CD8* and Mol* LGL/NK 
subpopulations (Fig 2). In the experiment shown in Fig 2, 
LGLs were pretreated with anti-CD3 to remove possible 
conventional T-cell contaminants, but similar results were 
obtained with anti-Leu-! (CD5)-treated cells or with the 
untreated Percoll-purified population. Comparative densi- 
tometric analysis of the EcoRI 12.0-kb band v the other 
bands in LGL/NK and control cells confirmed that there is 
no appreciable loss of the C,, allele in the different LGL/NK 
populations analyzed (data not shown). Therefore, we con- 
clude that the T; gene remains unrearranged in the vast 
majority of normal LGL/NK cells. 

We next investigated T, gene expression in freshly isolated 
LGL/NK cells because a molecular assay to detect T, gene 
rearrangements in normal polyclonal cells is not yet avail- 
able. RNA was extracted from purified LGLs and from the 
CD8+ LGL/NK subpopulation and analyzed by Northern 
blot hybridization using a T, probe (clone PY 1.4, a gift from 
T. Mak). T, RNA was not detectable in either sample (see 
Fig 3, middle lane). The same RNA blots were used for 
hybridization with a human T; probe (Fig 3, first lane), and 
no specific hybridization signal was detected, The absence of 
the CD3 antigen and T, and T, gene expression in LGL/NK 


cells proves that LGL/NK cells do not express an a/@ 
heterodimer on their surface. 


Analysis of T, Gene Rearrangements and Expression in 
Normal LGLs, LGL Subpopulatioas, and T Cells 


The lack of Fy gene rearrangements and T,/T, zene 
expression in the majority of LGL/NK cells suggests that 
the “conventional” T cell antigen receptor is not involved in 
NK target cell interaction. However, the ontogenie relation- 
ship between LGL/NK cells and T cells remains unresolved 
because T, and T, genes are neither rearranged nor 
expressed in early thymocytes'' and both early thymocytes 
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Fig 2. T, gene rearrangement analysis in fresh encultured 
LGLs and LGL subpopulations. DNAs extracted from normal human 
fibroblasts (lane C), normal human peripheral blood T fymphocytes 
{lane T-L), and differant LGL subpopulations, as indicated, were 
digested with EcoRI restriction enzyme and analyzed by Southern 
blot hybridization using a T; gene probe. 
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Fig 3. Expression of T,, T,, and T, RNA in CD8° LGLs and 
peripheral blood T lymphocytes. Total cellular RNA was extracted 
from the CD8* LGL subpopulation and peripheral blood T lympho- 
cytes (T-L). Northern blots were hybridized to Ta. T,, and T, 
probes as indicated. 


and the majority of LGL/NK cells lack CD3 antigen 
expression and express the CD8 antigen.’ We then chose to 
analyze LGL/NK cells for rearrangement and expression of 
a third T cell receptor gene, the T, gene, which is believed to 
rearrange early during T cell differentiation before the T; 
and T, genes" and may therefore represent a marker for the 
earliest stages of the thymic differentiation pathway. The T, 
gene has been reported to remain in its germline organization 
in the total LGL/NK population.” However, this analysis 
was limited to the investigation of T, gene rearrangements 
involving the T,J1 or T,J2 regions. We have recently shown 
that T, rearrangements involving previously unidentified T,J 
regions (Jx2; M. Subar et al, submitted for publication) may 
occur in 25% of T cells and up to 30% of pre-B cells. 

Our experimental approach involved Southern blot 
hybridization analysis of T, gene organization in DNAs 
extracted from the total LGL/NK cell population as well as 
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the CD8* and CD8- LGL/NK subpopulations. The results 
were compared with Southern blot analyses of the T, gene 
organization in DNAs extracted from normal polyclonal T 
cell populations. The assay for identification of different 
patterns of T, gene rearrangements was based upon results of 
the analysis of T, gene rearrangements in a large variety of 
clonal T cell populations (M. Subar et al, submitted for 
publication). A diminution in the intensity of the 5.5-kb 
EcoRI band hybridizing to a T, first-exon probe (Ca/Cb) in 
all polyclonal T cells (see Fig 4A) corresponds to deletions of 
the T,C1 locus, which are constantly associated with rear- 
rangements of the T,C2 locus (M. Subar et al, submitted for 
publication). The appearance of a 7.5-kb Sst] band hybridiz- 
ing to the T, variable region probe (see Fig 4B) reflects 
rearrangements involving a member of this variable region 
family and is seen in polyclonal T cells as in the majority of 
clonal T cell populations (M. Subar et al, submitted for 
publication). The appearance of a few faintly hybridizing, 
Jx2-rearranged bands corresponds to T,C1 rearrangements 
(see Fig 4C). 

The T, gene was present in its germline configuration in 
all DNAs extracted from polyclonal LGL/NK cells and the 
CD8* and CD8~ LGL/NK subpopulations. Representative 
Southern blots for the CD8* and CD8~ LGL/NK DNAs are 
shown in Fig 4. We also analyzed the expression of the T, 
gene in the total LGL/NK population and in LGL/NK 
subsets. No specific hybridization signal was detected in any 
of the samples (for representative results, see Fig 3, right 
lane). We conclude that LGL/NK cells and CD8* and 
CD8- LGL/NK cell subpopulations are clearly distinct 
from both mature and immature T cells with respect to the 
organization of the T, gene and that the T, gene is not 
rearranged or expressed in the majority of, if not all, LGL/ 
NK cells. 


Gene Rearrangements and Expression Analysis of T Cell 
Receptor Genes in Human LGL/NK-Derived Leukemias 


An approach commonly used to investigate properties of a 
normal cell population is to analyze its clonally expanded 
neoplastic counterpart. This is based on the concept that 
malignant transformation results in freezing the target cell 
at a given stage in its normal differentiation pathway, which 
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Fig4. T, gene rearrangement analysis in normal T cells and LGLs. DNAs were extracted from different cell populations, digested with 
the indicated restriction enzymes, and hybridized to the indicated T, DNA probes. Arrows indicate rearranged bands. Lane C, human 


fibroblast DNA. 
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Table 2. Phenotypic and Immunogenotypic Analysis of TyLPDs 





CD3 Antigen 
No. Cases Expression * Ta Genet T, Genet 
2 — G G 
12 + R R (T,2) 
3 + R R (Ty) 





* + represents >20% positive cells after staining with OKT3 MoAb. 

tG. germline; R, rearranged. 

} The material in parentheses indicates the occurrence of T,C1 or T,C2 
rearrangements. 


results in a uniform phenotype for the neoplastic cell popula- 
tion. For this reason, we analyzed the genomic organization 
of the T cell receptor genes 8 and y in a collection of 17 LGL 
leukemias, so-called Ty lymphoproliferative disorders 
(TyLPD).” 

The principal immunophenotypic, functional, and immu- 
nogenotypic properties of 12 of these 17 cases of TyLPD 
have been reported in detail. The five additional cases of 
TyLPD shown in this study displayed similar phenotypic and 
functional features including CD2, HNK-1, AB8.28, and 
B73.1 expression; Fc, receptors identified by rosetting tech- 
nique; and ADCC effector function (data not shown). Sur- 
face markers CD3, CD8, OKM1, and N901 were detected in 
the LGLs isolated from some but not all cases (data not 
shown). In particular, two cases did not express the CD3 
antigen (Table 2). LGLs from all TyLPD patients had high 
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Table 3. Phenotypic and Functional Analysis of 
TYLPD Mononuclear Cells 








Phenotypic Markers* Cytoxicityt 

Case No. WT31 cD3 Leu-7 CD16 NK ADCC 
4 60 62 33 50 69 53 

7 95 94 83 44 13 40 

8 76 99 63 11 5 28 

9 77 99 42 29 14 58 

11 85 78 55 25 37 25 
14 51 47 ND 50 61 49 
15 56 81 12 55 29 ND 





*Results are expressed as percentages of positive cells. 
tResults are expressed as means and refer to an E:T ratio of 50:1. 


ADCC, whereas high NK activity was only detected in six 
cases (Table 3). Fifteen cases displayed clonal rearrange- 
ments of the T; gene, and two cases displayed the germline 
configuration of the Ty gene upon EcoRI and/or BamHI 
digestion and hybridization to a T; probe (data not shown). 
The two cases displaying the T, gene germline organization 
were the same two cases that lacked the CD3 antigen. 

All 17 cases of TyLPD were analyzed for the organization 
of the T, gene. Representative Southern blots of this analysis 
are shown in Fig 5, and a synthesis of the results is reported 
in Table 2. We detected T, gene rearrangements in 15 of 17 
TyLPD cases tested using the same combination of restric- 
tion enzymes and probes described for the analysis of T, gene 
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T, gene rearrangement analysis of T,LPDs. DNAs were extracted from leukemic LGLs of different TyLPD patients, digested 


with the indicated restriction enzyme, and hybridized to the indicated probe. Arrows indicate rearranged bands. Lane C, human fibroblast 


DNA. 


Ta, 8, y GENES IN LGL-NK CELLS AND TyLPD 


rearrangements in polyclonal T cells. In 12 of 17 FyLPD 
DNAs tested, the Ca/Cb hybridizing 5.5-kb EcoRI band 
corresponding to exon | of the T C1 gene appeared deleted or 
fainter than the respective control bands, which suggested a 
deletion of that DNA region on one or both alleles (see Fig 
SA, lanes | and 2, for representative results displaying the 
biallelic or monoallelic deletion of the T,C1 gene, respec- 
tively). The same DNAs were digested with the Sstl restric- 
tion enzyme and hybridized to the Ca/Cb probe to detect 
rearrangements involving the J] or J2 regions (for a map of 
the T, locus, see Fig 1A). One or two rearranged bands were 
detected in each of these 12 cases (see Fig 5B, lanes | and 2). 
Hybridization of the same blots to a T, variable region probe 
(V2) showed the appearance of one or two rearranged bands 
(Fig 5D, lanes 1 and 2) with at least one rearranged band 
containing both V2 and Ca/Cb hybridizing sequences as 
indicated by arrows in Fig SB and D. We conclude that 12 
TyLPD cases displayed rearrangements occurring in the 
T,C2 5’ flanking sequences involving the J2 region and T, 
variable region sequences. 

The 5.5-kb EcoRI band hybridizing to the Ca/Cb probe 
showed equal intensity with the control bands in five other 
cases of TyLPD, which suggested that the T,C1 locus was 
not deleted (see Fig 5, lane 3). Hybridization of Ssrl- 
digested DNAs to a Jx2 probe can detect rearrangements in 
the 5’ flanking regions of the T,C1 locus. New Ssti restric- 
tion fragments hybridizing to the pJx2 probe were detected 
in three TyLPD cases, which suggested the occurrence of 
T,Cl gene rearrangements (Fig 5C, lane 3). Hybridization 
of the same blots to a T, variable region probe (V2) showed 
that the new bands also contained variable region sequences 
as indicated by arrows in Fig 5C and D. Finally, in two cases 
(Table 2), the T, gene was found in its germline configura- 
tion using all of the combinations of restriction enzymes and 
probes described (see Fig SA, B, C, and D, lane 4 for a 
representative case). As in the case of the T, gene, these two 
cases also lacked the CD3 antigen (Table 2). We conclude 
that the T, gene is rearranged in all CD3* cases of TyLPD 
but it is retained in its germline configuration in the less 
frequently occurring CD3~ cases of TyLPD. In addition, T, 
gene rearrangements using T,Cl or T,C2 are present in 
CD3* TyLPD cases in similar proportions to those observed 
in T cell tumors. 

Two and one representative cases of CD3* and CD3™ 
TyLPD respectively were also analyzed for T cell receptor 
gene expression. The two CD3* TyLPD cases displayed 
expression of full-length mRNAs from T;, Ta and T,, 
whereas the CD3~ TyLPD case displayed no hybridization 
signal for all the T cell receptor gene probes (data not 
shown). 

In an effort to elucidate whether the CD3* TyLPD with 
rearranged and expressed T cell receptor genes produces a 
“conventional” cell surface a/8 heterodimer or the recently 
described T,-containing T cell receptor,“ we investigated 
seven cases of CD3* TyLPD with MoAb WT31, which 
reacts with a common epitope of the a/8 heterodimer but not 
with T,”, Ta, T,* cells.” 4Y In preliminary experiments we 
confirmed that CD3*, CD8~, CD4~ clones were WT317>.°”’ 
As summarized in Table 3, all seven cases were WT31*. In 
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case 15, in spite of the monoclonal nature of the CD3* 
expansion revealed by Southern blot analysis (see earlier), a 
fraction of CD3* cells were not appreciably stained by the 
WT31 MoAb. It ts of interest in this context that all TyL PD 
cases were CD8°* (as usually observed)'®* and that T cell 
clones expressing a T,-containing receptor are CD8~, 
CD4-—.* Thus, the observation of WT31 reactivity 
together with the finding of T, and Tz; mRNA and CD8 
expression suggests that the majority of TyLPD express a 
“conventional” a/8 heterodimer on their surface. 


DISCUSSION 


LGL/NK cells constitute a heterogeneous population that 
cannot be clearly assigned to a specific lymphoid lineage. We 
sought to clarify the functional and ontogenic relationship 
between LGL/NK cells and T cells by analyzing the organi- 
zation and expression of the T cell receptor genes 6, a, and y 
in unfractionated normal circulating LGL/NK cells, in 
phenotypically distinct normal LGL/NK cell subsets, and in 
neoplastic LGL/NK cell proliferations (TyLPD). The nor- 
mal circulating LGL/NK cells and the phenotypically 
diverse LGL./NK subsets that we analyzed, including the T 
cell-like CD8*, CD2* subset, displayed the germline config- 
uration and/or lacked expression of the T cell receptor 8, a, 
and y genes. The lack of T,/T, rearrangement/expression 
together with the lack of CD3 antigen expression confirms 
the notion that LGL/NK immune function is clearly distinct 
from T cell immune function. The lack of T, gene rearrange- 
ment/expression in LGL/NK cells and subsets strongly 
suggests that LGL/NK cells are ontogenically distinct from 
T cells because T, gene rearrangements are believed to 
represent a very early event during thymic development." 
Taken together, these data favor the hypothesis that LGL/ 
NK cells represent a cell lineage that is independent and 
distinct from the T cell lineage. In further support of this 
conclusion, it has recently been shown that C.B-17 seid mice 
that lack functional T and B cells and whose bone marrow 
fails to repopulate the thymus have a normal content of NK 
progenitor cells in the bone marrow.” 

TyLPD are believed to represent the transformed counter- 
parts of normal LGL/NK cells. Yet, we observed hetero- 
geneity of the TyLPD cases analyzed with respect to their 
expression of the CD3 antigen and the organization of the Ts 
and T, loci. The minority of cases (2/17) were CD3~ and 
shared important immunogenotypic, phenotypic, and func- 
tional properties with normal circulating LGL/NK cells. 
They showed germline organization of the T, and T, genes, 
an absence of CD3 antigen expression, expression of the Fc, 
receptor, and in vitro NK /ADCC activity. Thus, these cases 
may represent the neoplastic correlate to the major circulat- 
ing LGL/NK cell population. The remaining 15 cases of 
TyLPD displayed a combination of the phenotypic, function- 
al, and immunogenotypic properties seen in both T cells and 
LGL/NK cells but distinct from any single subset of LGL/ 
NK cells that we have analyzed (Tables | and 2). Specifical- 
ly, they all showed T, and T, gene rearrangements and CD3 
antigen expression, typical of mature T cells. They also 
expressed the Fc, receptor and exhibited NK and/or ADCC 
activity, typical of LGL/NK cells. 
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On the basis of the combined functional, phenotypic, and 
genotypic analysis of normal and neoplastic T lymphocytes 
and LGL/NK cells, three distinct populations can be identi- 
fied: (a) major histocompatibility complex (MHC)- 
restricted T cells and peripheral T cell neoplasms, CD3*, 
Fe~, Ty", T}. ADCC™; (b) MHC-nonrestricted LGL/ 
NK cells and two of 17 TyLPD, CD3~, Fe,*, T,”, To 
ADCC; and (c) 15 of 17 TyLPD, CD3*, Fe,*, T,*, 
T”, ADCC*. This raises the question of the relationship of 
the majority of TyLPD populations, the CD3* Fe,* 
T,LPD cells, to normal T cells and/or LGL/NK cells. They 
may represent T cells or LGL/NK cells that have acquired 
atypical properties during the transformation process or the 
neoplastic expansion of a separate normal cellular counter- 
part. Although several authors have reported that Fe, recep- 
tors are not present on the surface of CD3* T lymphocytes 
isolated from peripheral blood, concanavalin A~—activated 
cultures, or mixed lymphocyte response cultures,’?*! the 
coexistence of Fc, receptors and CD3 antigen has been 
reported in selected conditions, eg, the peripheral blood of 
patients with lymphoproliferative disorders” or in a variety 
of in vitro cultured T cell clones (NK-like clones). This 
functionally unique subset of cytotoxic mononuclear cells, 
identified by the coexpression of the CD3 antigen and the Fe, 
receptor,” may be the normal counterpart of the CD3*, Fe,* 
TyLPD. In normal peripheral blood CD3*, Fc,* cells repre- 
sent a minor, usually undetectable (<1%) lymphoid popula- 
tion,” which, given its low frequency, was not amenable to 
analysis by the Southern and Northern blot techniques used 
in the present study. 

The ontogenic relationship between the CD3*, Fc,* cell 
type (TyLPD or NK-like T cells) and T cells or LGL/NK 
cells bears consideration. Conflicting data have been 
reported with respect to this issue. Hercend et al reported the 
isolation of NK-like T cell clones from peripheral T cells,” 
which lent credence to the hypothesis of an ontogenic rela- 
tionship between T cells and NK-like T cells. However, NK 
clones bearing rearranged and expressed T cell receptor 
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genes were isolated from the spleens of athymic nude mice by 
Ikuta et al, which favors the hypothesis of an ontogenic 
relationship between NK cells and NK-like T cells. In an 
effort to analyze the relationship between LGL/NK cells 
and NK-like T cells, in preliminary experiments we have 
analyzed the in vitro effect of interleukin 2 (IL-2) on purified 
normal LGL/NK cells. We observed that three to five days 
after the addition of recombinant IL-2 to the culture the 
majority of the cells were CD3*, T,*, T°, T," and displayed 
all the functional (NK and ADCC activity) and phenotypic 
(AB8.28 and HNK-1 antigens) features of LGL/NK cells 
(unpublished observations). Thus, as suggested by Ikuta et 
al,” CD3*, T,*, Fe,* cells may represent a maturative step 
of LGL/NK cells and may provide a rationale for the 
ontogenic relationship between the majority of TyLPD and 
normal LGL/NK cells. 

Severa! recent papers**“*”° have described a small popula- 
tion of CD3*, WT31", CD4~, CD8~ T lymphocytes that 
have rearranged T, genes, express T, protein on the cell 
surface, and display non~MHC-restricted cytotoxic activily 
and ADCC. These findings raise the question of the role of 
the T, gene product in NK or NK-like cytotoxicity. Our 
observations that LGLs, which account for virtually all 
peripheral blood NK activity, maintain the T, gene in its 
germline configuration and that CD3*, CD8*, TyLPD with 
non~MHC-restricted cytotoxicity express T, and Ta mRNAs 
and display WT31 reactivity suggest that the expression of a 
T,-containing antigen recognition structure is not an abso- 
lute requirement for non~-MHC-restricted cytotoxicity. 
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Ultrastructural Analysis of Murine Megakaryocyte Maturation In Vitro: 
Comparison of Big-Cell and Heterogeneous Megakaryocyte Colonies 


By Paula E. Stenberg and Jack Levin 


Two morphologically distinct types of murine megakaryo- 
cyte (MK) colonies are present after three to seven days in 
soft agar culture: (a) ‘‘big-cell” colonies composed of ten to 
30 large, mature-appearing megakaryocytes and (b) “‘het- 
erogeneous’ colonies consisting of approximately 100 or 
more cells at various stages of differentiation. Cytochemi- 
cal and immunocytochemical techniques were used to 
study MK maturation in colonies as well as norma! mouse 
bone marrow. Acetyicholinesterase (AChE), a specific 
marker for murine platelets and MK, was found in the 
perinuclear cisterna, endoplasmic reticulum, and occasion- 
ally, Golgi cisternae of MK in three-day big-cell colonies and 
immature bone marrow MK. MK in seven-day big-cell 
colonies and mature bone marrow MK showed additional 
reaction sites in the demarcation membrane system and 
occasional granules. In seven-day heterogeneous colonies, 
small celis resembled immature bone marrow MK with 
respect to AChE localization, whereas large cells corre- 


ECHNIQUES HAVE EMERGED that permit the 
identification and study of immature megakaryocytes. 
One technique is the ability to support proliferation and 
differentiation of the progeny of megakaryocyte progenitors 
(megakaryocyte colony-forming cells, Meg-CFC) in vitro, in 
agar,' in methyl cellulose,’ or in a plasma clot.’ At least two 
types of murine megakaryocyte colonies have been recog- 
nized in soft agar cultures.** One type is typically composed 
of ten to 30 large megakaryocytes that are mature in 
appearance (“big-cell” type). The other (“heterogeneous”” 
type) is composed of more cells (often > 100), some of which 
are small and immature as evaluated in part by staining for 
acetylcholinesterase (AChE). In contrast to big-cell colonies, 
heterogeneous colonies markedly increase in size after their 
initial appearance." Because both types of colonies appear 
simultaneously in agar cultures, they are probably the pro- 
geny of different populations of precursors.** An important 
feature of soft agar cultures is that entire, intact megakaryo- 
cyte colonies, without contamination by other cell types, may 
be obtained for the study of megakaryocyte maturation. 

The second technique uses markers specific for the mega- 
karyocyte/platelet lineage to identify immature megakaryo- 
cytes on a phenotypic basis. AChE staining has proved 
extremely useful in the identification of cat," rat,”"’ and 
murine®'*"? platelets and megakaryocytes. More recently, 
antibodies specific for platelet membrane glycoproteins have 
been used in the identification of human'*'’ and murine’ 
megakaryocytes in vivo and in vitro. When immunofluores- 
cence techniques and antibodies directed against platelet 
glycoproteins were used, both small megakaryocyte precur- 
sors and mature megakaryocytes were labeled. 5N At 
present, however, only limited morphological observations of 
megakaryocytes in tissue culture systems (particularly those 
obtained from soft agar culture systems) have been 
reported.'*°?! Specific markers have been used in in vitro 
systems for studies of the transitional maturational stages 
between Meg-CFC and megakaryocytes. For example, it has 
been demonstrated in the mouse that the small AChE- 
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sponded to mature bone marrow MK. With immunogold 
procedures at the ultrastructural level, polyclonal antibod- 
ies against human platelet membrane glycoprotein ila and 
antimouse platelet antiserum labeled bone marrow MK and 
all MK from colonies grown in soft agar cultures for three 
to seven days. Granulocytes and macrophages in both bone 
marrow and soft agar cultures were negative for AChE and 
these immunocytochemical markers. These data indicate 
that the pattern of expression of AChE during maturation 
of MK is similar in vivo and in vitro and demonstrate, when 
using this marker at the fine-structural level, that a greater 
range of MK maturational stages is present in heteroge- 
neous colonies than is observed in MK in big-cell colonies. 
Furthermore, we have confirmed that small cells in hetero- 
geneous colonies are MK and that these colonies are 
composed solely of MK and their precursors. 

@ 1987 by Grune & Stratton, inc. 


positive cell represents an intermediate stage between Meg- 
CFC and mature megakaryocytes, 7> and small cells 
expressing platelet glycoproteins or cytoplasmic factors have 
been described in humans both in vitro (in plasma clot 
cultures) and in vivo. 5V7 More recently, an immunofluo- 
rescence study by Levene et al’* has suggested expression of 
platelet glycoprotein Hb/IHa at the level of the committed 
megakaryocyte progenitor because an antibody directed 
against the platelet glycoprotein Hb/Hla complex inhibited 
the growth of human megakaryocyte colonies. Another study 
by Fraser et al“ has presented evidence that the human 
pluripotential hematopoietic stem cell expresses platelet 
lineage-specific markers. 

In our previous paper’ using specific markers at the light 
microscope level, we observed immunoperoxidase label in 
most immature cells of megakaryocyte colonies on 2-pm- 
thick plastic sections. In this investigation, we used specific 
markers at the fine-structural level to more fully charac- 
terize megakaryocytes grown in soft agar cultures because 
this allows the examination of patterns of protein expression 
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in megakaryocytes at early time points in culture (and hence 
presumably at various stages of differentiation) and, particu- 
larly, the study of small, immature cells that partially 
constitute the heterogeneous megakaryocyte colonies. In 
contrast to bone marrow cell suspensions, these megakaryo- 
cyte colonies permit the study of purified populations of cells 
of the megakaryocytic lineage at different stages of matura- 
tion, without the requirement for initial physical separation 
from other cell lineages. We specifically compared at the 
ultrastructural level the pattern of expression of AChE and 
the distribution of plasma membrane glycoproteins in het- 
crogeneous megakaryocyte colonies and big-cell megakaryo- 
cyte colonies to determine whether this system might be 
useful to study megakaryocyte differentiation. 


MATERIALS AND METHODS 
Mice 


C57BL/6J mice, obtained from Simonsen Laboratories, Inc (Gil- 
roy, CA), were used for these experiments. These mice were bred 
under specific pathogen-free conditions and then maintained under 
conventional conditions. 


Preparation of Murine Bone Marrow Samples 


Mouse femoral marrow samples were obtained from animals 
killed by cervical dislocation. A 25-gauge needle was inserted into 
the proximal end of the femur, and fixative was gently pushed 
through the length of the bone to remove the marrow core. The 
marrow cells were dispersed into a single-cell suspension by gentle 
pipetting. The cells were fixed in either 1.44% glutaraldehyde in 0.1 
mol/L cacodylate buffer, pH 6.8, for 1.5 hours at ambient tempera- 
ture for AChE staining or in 2% paraformaldehyde with 0.05% 
glutaraldehyde in 0.1 mol/L phosphate buffer, pH 7.4, for two hours 
at ambient temperature for immunocytochemical staining. 


Preparation of Murine Megakaryocyte Colonies 


Spleen cells were obtained as previously described,” and these 
were used rather than bone marrow because spleen cells produce a 
greater proportion of megakaryocyte colonies. Cultures of spleen 
cells were maintained in 0.3% agar in Dulbecco's modified Eagle's 
medium as described previously.” The final concentration of horse 
serum was 20%. One milliliter of a splenic cell suspension in agar 
medium was cultured with 0.1 mL of pokeweed mitogen stimulated, 
spleen cell—conditioned medium and incubated for three to seven 
days in a humidified atmosphere of 10% CO, in air. In this culture 
system, megakaryocyte colonies achieve their maximum frequency 
and ploidy (DNA) levels after seven days.*”” At various times, 
colonies were removed from culture dishes with a finely drawn 
Pasteur pipette and placed either in a vial containing fixative or a 
small drop of fixative. In the latter case, an equal volume of warm 
3% agar was layered onto the colony-fixative drop, allowed to 
harden, and removed as a disc into a Petri dish of fixative, Fixatives 
were as described earlier. Granulocyte and macrophage colonies, 
which also were present in this culture system, were similarly 
obtained and studied. After fixation, the samples were rinsed in the 
appropriate wash buffer. 


Cytochemical Procedures for Detection of AChE 


AChE cytochemistry was performed on suspensions of bone 
marrow cells or colonies obtained from soft agar cultures by using 
the technique of Tranum-Jensen and Behnke” as modified by Paulus 
et al.” Control preparations included the omission of substrate or the 
substitution of butyrylthiocholine iodide for acetyithiocholine iodide 
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(Sigma Chemical Co, St Louis). Other samples were preincubated 
and stained in the presence of 10°* mol/L eserine (Sigma), an 
inhibitor of both AChE and nonspecific cholinesterase. The samples 
were then processed for electron microscopy. 


Immunocytochemical Procedures 


Immunocytochemical procedures on suspensions of bone marrow 
cells or colonies obtained from soft agar culture were performed as 
follows. After fixation, the cells were rinsed several times in 0.1 
mol/L phosphate buffer, pH 7.4, with 80 mmol/L NH,Cl and 2% 
sucrose. They then were incubated with rabbit antihuman glycopro- 
tein IHa serum (a gift of Dr Rodger P. McEver, San Antonio, TX) 
or rabbit antimouse platelet antiserum (PAS) (both of which were 
diluted 1:500 in phosphate-buffered saline) overnight at 4°C. We 
have previously demonstrated that antisera directed against human 
platelet antigens identify murine megakaryocytes.'® Rabbit anti- 
mouse PAS was prepared and carefully absorbed with both RBC 
and WBC as described previously,” and an immunoblot assay with 
solubilized platelet proteins as the target antigens demonstrated that 
this PAS was active against multiple murine platelet proteins 
ranging from less than 45 kilodaltons (kD) to more than 300 kD, the 
resolving limits of the gel system.” The most intense labeling 
occurred against the region of the gel that contained the platelet 
glycoprotein [b/a complex. Microscopy with imMMUNOpeFOXi- 
dase—labeled reagents demorstrated no reactivity of the PAS against 
nonmegakaryocytic bone marrow cells or granulocyte or macro- 
phage colonies, whereas megakaryocytes of all maturational stages 
were labeled by this polyclonal PAS." 

Subsequently, bone marrow cells or colonies were rinsed in 
phosphate-buffered saline several times and then incubated with 
protein A~gold probes (5-, 10-, or 15-nm-sized particles) (Janssen 
Pharmaceuticals, Beerse, Belgium) diluted 1:20 in 20 mmol/L Tris 
buffer, pH 8.2, with 0.9% NaCl and 0.1% bovine serum albumin. 
The samples were rinsed four times with the same Tris buffer and 
then fixed in 1.5% glutaraldehyde in 0.1 mol/L cacodylate buffer, 
pH 7.4, with 1% sucrose for 45 minutes. They were left overnight at 
4°C in 0.1 mol/L cacodylate buffer, pH 7.4, with 1% sucrose and 
then processed for electron microscopy as will be described. Control 
procedures included the subszitution of irrelevant antibodies, buffer, 
or preimmune serum for the primary antibodies. 


Preparation of Bone Marrow and Colony Samples for 
Transmission Electron Microscopy 


Fixed, stained samples were osmicated (2% OsO, in veronal- 
acetate buffer) and then dehydrated in a graded series of ethanol, 
infiltrated with propylene cxide, and embedded in Epon. Thin 
sections (100 nm) were cut, stained with either uranyl acetate and 
lead citrate or lead citrate alone, and examined with a Philips 
EM-201 transmission electron microscope. 


RESULTS 


Classification of the maturational stages of megakaryo- 
cytes is complex because cytoplasmic and nuclear develop- 
ment are not synchronous events. The present study is 
primarily based on the system proposed by Paulus” in his 
ultrastructural studies of guinea pig megakaryocytes and 
used by Bentfeld-Barker and Bainton in their ultrastructural 
studies of rat and human megakaryocytes. In brief, 
immature megakaryocytes are small cells measuring 6 to 24 
um in the long axis,” containing a large, round, indented, or 
lobed nucleus” with prominent nucleoli, and having a high 
nuclear:cytoplasmic ratio. These cells contain few cytoplas- 
mic organelles other than polyribosomes and mitochondria. 


MURINE MEGAKARYOCYTE MATURATION IN VITRO 
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Fig 1. A mature mouse megakaryocyte obtained from a seven-day big-cell megakaryocyte colony. The abundant cytoplasm contains 
numerous profiles of rough endoplasmic reticulum, demarcation membranes, mitochondria, and a granules, which resembles that of a 
mature mouse bone marrow megakaryocyte. At higher magnification of the Golgi region of this cell (insert), several cisternae of the Golgi 
complex (Gc) are evident. Many a granules (a) can be identified in this field. N, nucleus; rer, rough endoplasmic reticulum; dms, 
demarcation membrane system: cv, coated vesicle; m, mitochondria; pc, perinuclear cisterna (original magnification * 8,000; inset, 


x 25,000; current magnification x 7,440; inset x 23,250). 


Maturing megakaryocytes are heterogeneous in size (14 to 
30 um)” and in the level of polyploidy (8 to 32N). They 
contain a large protein synthetic apparatus and variable 
numbers of demarcation membranes and a granules. Mature 
megakaryocytes are approximately 20 to 50 um in diameter” 


with a low nuclear:cytoplasmic ratio and contain an exten- 
sive demarcation membrane system and a reduced protein 
synthetic apparatus. In contrast to murine bone marrow in 
which immature megakaryocytes constitute only a small 
proportion of the cells and are difficult to identify without 
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the use of specific markers, megakaryocyte colonies from soft 
agar cultures allow the study of sufficient populations of cells 
of the megakaryocyte lineage that may be more precisely 
evaluated (ie, in regard to age) than in the bone marrow. 
Megakaryocyte colonies present after seven days in soft 
agar culture (at which time the maximum number of mega- 
karyocyte colonies has been reached) were composed of 
megakaryocytes at various stages of maturation, from imma- 
ture to mature cells. Morphologically, mature cells in big-cell 
and heterogeneous colonies (Fig 1) resembled bone marrow 
megakaryocytes with the following exceptions. These cells 
had greater numbers of multivesicular bodies, which presum- 
ably contain agar ingested from the surrounding culture 
medium, than bone marrow megakaryocytes. Additionally, 
the number of a granules that were uncondensed was greater 
in megakaryocytes in colonies than in bone marrow mega- 
karyocytes. The size of mature megakaryocytes in seven-day 
colonies approximated the size of mature bone marrow 
megakaryocytes, although no evidence of platelet production 
was observed. At least two thirds of maturing (Fig 2) and 
mature megakaryocytes examined from both big-cell and 
heterogeneous colonies contained demarcation membranes 
only in one area of the cell cytoplasm. These membranes had 
fewer connections to the megakaryocyte plasma membrane 
and compartmentalized less cytoplasm than did membranes 
in bone marrow megakaryocytes. Areas of these demarcation 
membranes in cells from colonies did not contain many other 
organelles such as mitochondria and a granules in contrast to 
bone marrow megakaryocytes, which exhibited a more uni- 
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form distribution of organelles. The appearance of these cells 
partially resembled that of megakaryocytes described previ- 
ously by Zucker-Franklin and Petursson.” 


Distribution of AChE in Murine Bone Marrow 
Megakaryocytes and Megakaryocytes in Soft Agar Culture 


Bone marrow megakaryocytes. In immature mouse 
bone marrow megakaryocytes, reaction product for AChE 
was confined to the perinuclear cisterna and endoplasmic 
reticulum (Fig 3A). Few granules and demarcation mem- 
brane system profiles were observed in these cells and, if 
present, were generally unreactive. Occasionally, mouse 
erythroblasts also demonstrated AChE reaction product in 
the perinuclear cisterna and endoplasmic reticulum, as 
reported previously by Paulus et al.” In mature mouse bone 
marrow megakaryocytes, reaction product for AChE was 
observed in the perinuclear cisterna, endoplasmic reticulum, 
some cisternae of the Golgi complex, some profiles of the 
demarcation membrane system, and occasional granules 
(Fig 3B). All other bone marrow cells including eosinophils 
were completely unreactive for AChE. Control samples in 
which specific substrate was either omitted or substituted 
with butyrylthiocholine or in which preincubation and incu- 
bation with eserine was performed resulted in megakaryo- 
cytes that were negative for AChE (not shown). 

Megakaryocytes in colonies in soft agar culture. Most 
megakaryocytes in colonies, after three days of soft agar 
culture, were immature in appearance with a high 
nuclear:cytoplasmic ratio and few cytoplasmic organelles. 





Fig 2. 


A maturing mouse megakaryocyte obtained from a four-day big-cell megakaryocyte colony. The demercation membrane system 


(dms) is concentrated in one area of the cell cytoplasm and contains few other organelles. N, nucleus: Gc, Golgi complex: mvb, 


multivesicular body (original magnification x 6,000). 


MURINE MEGAKARYOCYTE MATURATION IN VITRO 


Fig 3. (A) An immature mouse bone marrow mega- 
karyocyte reacted for AChE. Reaction product is confined 
to the perinuclear cisterna (pc) and rough endoplasmic re- 
ticulum (rer). No granules or demarcation membranes are 
observed (original magnification x 13,500; current magni- 
fication =x 12,555). (B) A mature mouse bone marrow 
megakaryocyte reacted for AChE. Reaction product is 
present in the perinuclear cisterna (pc), rough endoplas- 
mic reticulum (rer), some cisternae of the Golgi complex 
(Gc), and some profiles of the demarcation membrane 
system (dms). a Granules (a) are unreactive. N, nucleus 
(original magnification 13,500; current magnification 
x 12,555). 


These cells contained reaction product for AChE within the 
perinuclear cisterna and endoplasmic reticulum (Fig 4A). 
Occasional megakaryocytes were observed in three-day big- 
cell colonies, which were considerably more mature and 
larger in size and contained reaction product in the perinu- 
clear cisterna, many profiles of endoplasmic reticulum, and 
some cisternae of the Golgi complex (not shown). Megaka- 
ryocytes in seven-day big cell colonies resembled mature 
megakaryocytes in bone marrow with respect to the distribu- 
tion of AChE. Megakaryocytes in seven-day heterogeneous 
colonies varied considerably in size and stage of maturation. 
Small megakaryocytes from these colonies resembled imma- 
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ture megakaryocytes from three day big-cell colonies. All 
small megakaryocytes examined contained AChE reaction 
product in the perinuclear cisterna, endoplasmic reticulum 
(Fig 4B), and some cisternae of the Golgi complex, if this 
organelle was present. In contrast to data obtained earlier” 
that showed these small cells to be 2N or 4N in ploidy and 
AChE-negative, we observed positive label in every cell 
examined at the ultrastructural level. This may be explained 
by the greater sensitivity of the ultrastructural cytochemical 
technique as compared with the light microscope level tech- 
nique. Furthermore, increasing the time of incubation with 
substrate to 6 hours has demonstrated that all cells in 





Fig 4. (A) An immature mouse megakaryocyte from a three-day big-cell megakaryocyte colony reacted for AChE. As in Fig 2A, 
reaction product is confined to the perinuclear cisterna (pc) and rough endoplasmic reticulum (rer) (origina! magnification x 13,000; 
current magnification x 12,090). (B) An immature mouse megakaryocyte from a seven-day heterogeneous colony reacted for AChE. As in 
Figs 2A and 3A, reaction product is found in the perinuclear cisterna (pc) and rough endoplasmic reticulum (rer) (original magnification 
x 13,000; current magnification x 12,090). (C) A maturing megakaryocyte from a seven-day heterogeneous colony reacted for AChE. 
Reaction product is present in the perinuclear cisterna (pc), some cisternae of the Golgi complex (Gc), and some profiles of the rough 
endoplasmic reticulum (rer). Very few demarcation membranes or granules are present in this cell (original magnification x 13,000; current 
magnification x 12,090); mvb, multivesicular body. (D) A mature megakaryocyte from a seven-day heterogeneous colony reacted for AChE. 
Reaction product is distributed similarly to mature bone marrow megakaryocytes: perinuclear cisterna (pc), rough endoplasmic reticulum 
(rer), Golgi complex (Gc), demarcation membrane system (dms), and some granules (g) are labeled. The dms is thicker than the rer. The 


marked increase in the size of megakaryocytes as they mature in culture is clearly shown by the increased area occupied by the cells in this 
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heterogeneous colonies are AChE-positive at the light micro- 
scopic level (J. Levin and F. Levin, unpublished observa- 
tions). Maturing and mature megakaryocytes from seven- 
day heterogeneous colonies resembled maturing and mature 
bone marrow megakaryocytes with respect to the distribu- 
tion of AChE (Figs 4C and 4D). Cells from granulocyte or 
macrophage colonies grown for three to seven days in soft 
agar culture were negative for AChE (not shown). 


Distribution of Plasma Membrane Glycoproteins in Murine 
Bone Marrow Megakaryocytes and Megakaryocytes in 
Soft Agar Culture 


Bone marrow megakaryocytes. Mature, recognizable 
bone marrow megakaryocytes exhibited extensive immuno- 
gold label along their plasma membranes when cell suspen- 
sions were incubated with either PAS or antiglycoprotein 
Illa antibodies and any of the three sizes of protein A—gold 
probe used, although the greatest amount of label was 
obtained with PAS followed by protein A—gold (particle size, 
5 nm; not shown). All other bone marrow cells were com- 
pletely negative. Control samples of all bone marrow cells 
including megakaryocytes in which normal rabbit serum or 
buffer was substituted for specific primary antibodies also 
were negative (not shown). 

Megakaryocytes in colonies in soft agar culture. All 
megakaryocytes in either big-cell or heterogeneous colonies 
after three to seven days in soft agar culture showed immu- 
nogold label for PAS or glycoprotein Illa along the extent of 
the plasma membrane, regardless of their stage of matura- 
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tion (Fig 5 and Figs 6A and B). Megakaryocytes in colonies 
demonstrated a lower concentration of gold particles along 
plasma membranes than mature bone marrow cells. 
Although these experiments were technically difficult to 
perform, all of the immunoreagents passed through the thin 
agar shell surrounding the colonies. 


DISCUSSION 


We have investigated the maturation of murine mega- 
karyocytes in soft agar cultures at the ultrastructural level 
with respect to their morphological appearance and the 
distribution of AChE and plasma membrane glycoproteins 
and determined that both big-cell and heterogeneous colo- 
nies contain only megakaryocytes. Immature cells in three- 
day big-cell colonies, seven-day heterogeneous colonies, and 
bone marrow demonstrated reaction product for AChE 
predominantly in the perinuclear cisterna and endoplasmic 
reticulum and also in Golgi cisternae, if present. In contrast, 
large megakaryocytes from seven-day big-cell and heteroge- 
neous megakaryocyte colonies and mature bone marrow cells 
were much more reactive than immature cells, with reaction 
product present in the perinuclear cisterna, endoplasmic 
reticulum, Golgi complex, demarcation membrane system, 
and some granules. All cells in megakaryocyte colonies, 
regardless of the time in culture or extent of morphological 
maturity, exhibited immunogold label along the plasma 
membrane with PAS or anti-GP Illa serum. Importantly, 
cells in big-cell colonies achieve their ultimate mean ploidy 
distribution four days after the initiation of cultures, whereas 
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Fig5. An immature megakaryocyte from a three-day big-cell colony reacted with PAS followed by protein A-gold (size, 10 nm) probe. 
At higher magnification (inset) the immunogold label is clearly evident along the plasma membrane (arrows). This cell has a high 
nuclear:cytoplasmic ratio and no dms profiles (original magnification x 5,000; inset x21 ,000). 
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Fig6. (A) immature megakaryocyte from a seven-day heterogeneous colony reacted with PAS followed by a protein A—gold (size, 10 
nm) probe. At higher magnification (inset) the immunogold label is clearly evident along the plasma membrane (arrows). This cell has a high 
nuclear:cytoplasmic ratio and only a few dms profiles (original magnification x 5,000; inset x 21,000). (B) Maturing megakaryocyte from a 
seven-day heterogeneous colony reacted with PAS followed by a protein A—gold (size, 10 nm) probe. Note that this cell is larger, with a 
lower nuclear:cytoplasmic ratio, and contains more demarcation membranes than the cell in (A). The large, dense granules are 
multivesicular bodies. At higher magnification (inset) the immunogold label is seen along the plasma membrane at a concentration 
comparable to that seen in (A) (original magnification «5,000; inset x 21,000). N, nucleus; dms, demarcation membrane system; Gc, Golgi 
complex. 


MURINE MEGAKARYOCYTE MATURATION IN VITRO 


the mean ploidy level of heterogeneous colonies continues to 
increase after four days of culture.” Therefore, megakaryo- 
cytes express lineage-specific glycoproteins before they 
attain their final polyploid stage. Pertinently, although het- 
erogeneous colonies are derived from a single precursor cell, 
they are comprised of megakaryocytes at different stages of 
maturation (as determined by morphological appearance, 
size, and AChE localization) in contrast to megakaryocytes 
in big-cell colonies, which are more uniformly mature in 
appearance. Because approximately half of the cells in 
heterogeneous colonies contain 2N or 4N levels of DNA,** 
our current fine-structural studies further indicate that cells 
at low ploidy levels express AChE” and lineage-specific 
membrane glycoproteins. 

Previously, staining for AChE has been used to identify 
immature mouse megakaryocytes. 77> Ultrastructural 
studies have localized AChE to the protein synthetic appara- 
tus and in a population of granules distinct from «æ granules 
in rodent bone marrow megakaryoblasts and megakaryo- 
cytes.'°?* Similarly, we have localized AChE in the endoplas- 
mic reticulum, nuclear envelope, and Golgi complex of 
immature mouse marrow megakaryocytes and immature 
megakaryocytes from colonies in soft agar culture. Tranum- 
Jensen and Behnke also localized AChE to the Golgi com- 
plex and profiles of endoplasmic reticulum in small, imma- 
ture bone marrow cells (6 to 8 um in diameter), which they 
considered to be megakaryocyte precursor cells.” As previ- 
ously reported for bone marrow cells,'°** the Golgi complex, 
endoplasmic reticulum, and nuclear envelope as well as 
demarcation membranes and some granules were labeled in 
more mature megakaryocytes in soft agar culture. Reaction 
product in the Golgi complex of cells examined in our study 
was sometimes confined to only one face of the Golgi 
complex or was present throughout the Golgi complex, as 
Tranum-Jensen and Behnke also have previously reported.’ 
Therefore, AChE is synthesized and packaged into granules 
in megakaryocytes maturing in soft agar culture, similarly to 
megakaryocytes in vivo. This perhaps supports the sugges- 
tion of Paulus et al” that cholinergic regulation may be 
involved in the control of megakaryocyte growth and there- 
fore operative both in vivo and in vitro. Additional support 
for this hypothesis is obtained from the report of Burstein et 
al” that cholinergic agonists increase the frequency of mega- 
karyocyte colonies in vitro. 

Platelet peroxidase is currently the earliest recognized 
marker of human megakaryocytes in vivo and in vitro.*"* 
Vainchenker et al!" and Vinci et al’* have determined that 
the glycoprotein Hb/IHa complex is also an early antigenic 
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marker of human megakaryocyte maturation because it is 
present in cells five to six days after the initiation of plasma 
clot cultures. More recently, Jenkins et al”? have reported 
that megakaryocytes derived from human committed mega- 
karyocyte progenitor cells in vitro synthesize glycoproteins 
IIb and Hila. Jackson has demonstrated that small rat 
marrow cells expressing AChE activity also were labeled by 
fluorescent anti-PAS.” We have determined that both 
AChE and lineage-specific membrane glycoproteins are 
detectable in immature murine megakaryocytes three days 
after the culture of Meg-CFC in soft agar, the first day of 
culture in which murine megakaryocyte colonies can be 
confidently visually identified under the hght microscope. 
Because it is difficult to reliably retrieve megakaryocyte 
colonies from soft agar cultures before this time, we were 
unable to determine which of these markers appears first in 
our culture system. 

It is of interest that during neutrophil differentiation some 
antigens are lost (as identified by monoclonal antibody 
MY-10 or those to Ia antigen) or acquired (as identified by 
monoclonal antibodies Mol, MY8, 80H.3, or B34.3) as 
these cells mature from myeloblasts to polymorphonuclear 
leukocytes, whereas expression of other antigens (as identi- 
fied by monoclonal antibodies 82H5, R1B19, and 54-7) 
occurs throughout the neutrophil maturation sequence.“ 
Recently, using monoclonal antibodies with light micros- 
copy, Levene et al” have identified three maturational levels 
in the human megakaryocyte lineage with distinct immuno- 
logic phenotypes; some monoclonal antibodies recognize 
epitopes expressed only at certain stages of maturation (eg, 
on immature megakaryocytes or on both immature and 
mature megakaryocytes) or that, in contrast, are present 
throughout the entire megakaryocyte/platelet lineage. Utili- 
zation of the soft agar culture system in conjunction with 
similar probes to examine murine or human megakaryocyte 
maturation at the ultrastructural level will yield important 
information concerning the time of expression and localiza- 
tion of specific proteins during the developmental sequence 
of this cell. Future studies will examine the effects of 
administration to mice of PAS® or 5-fluorouracil,"' agents 
known to perturb thrombopoiesis, to obtain additional infor- 
mation about megakaryocyte differentiation. 
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Immunoglobulin and T Cell Receptor 8 Chain Gene Rearrangement Analysis of 
Ocular Adnexal Lymphoid Neoplasms: Clinical and Biologic Implications 


By Antonino Neri, Frederick A. Jakobiec, Pier-Giuseppe Pelicci, Riccardo Dalla-Favera, and Daniel M. Knowles, H 


We investigated the organization of the immunoglobulin 
heavy chain (igH) and the T cell receptor beta chain (T8) 
gene loci in 20 ocular adnexal and four extraocular lym- 
phoid neoplasms obtained from 18 patients presenting 
with an ocular adnexal lymphoid neoplasm. Fifteen ocular 
adnexal and four extraocular lymphoid neoplasms occur- 
ring in 13 patients were classified by morphological exami- 
nation and immunophenotypic analysis as monocional B 
cell lymphomas. Each one of these 19 lymphoid neoplasms 
exhibited clonal IgH gene rearrangements upon hybridiza- 
tion of EcoRI- or Hindill-digested DNA to a heavy-chain 
joining region (J,,)-specific DNA probe. The bilateral ocular 
adnexal monoclonal B cell neoplasms occurring simulta- 
neously in two individuals exhibited identical clonal IgH 
gene rearrangements, which indicated their derivation 
from an identical B cell clone. The ocular adnexal and the 
extraocular monocional B cell neoplasms occurring in two 
of three patients also exhibited identical clonal igH gene 


XTRANODAL LYMPHOID INFILTRATES, ie, 
those that originate and/or present outside of the major 
lymphoid tissue-bearing sites, often represent a difficult 
clinical and pathological diagnostic dilemma.' This is partic- 
ularly true for small lymphocytic infiltrates, which constitute 
the majority of the ocular adnexal and pulmonary lymphoid 
neoplasms and which also occur in the gastrointestinal tract, 
skin, salivary glands, and other sites.'? The histopathologic 
criteria commonly used to distinguish benign and malignant 
extranodal small lymphocytic infiltrates are often incapable 
of reliably making this distinction,’ sometimes resulting in 
inaccurate patient prognostication. Cell marker analyses 
have shown that extranodal small lymphocytic infiltrates are 
largely divisable into monoclonal B cell, presumably malig- 
nant, small (well-differentiated}) lymphocytic lymphomas 
and polyclonal, presumably benign, pseudolymphomas.*” 
However, a recent prospective study suggested that dissemi- 
nated malignant lymphoma occurs with equal frequency in 
patients with ocular adnexal lymphoid neoplasms belonging 
to each category.’ This finding suggests that immunopheno- 
typic analysis also may be incapable of reliably prognosticat- 
ing patients with extranodal small lymphocytic infiltrates. 
Moreover, clinical, morphological, and immunophenotypic 
approaches have not provided significant insight into the 
pathogenetic relationship between extranodal pseudolym- 
phoma and malignant lymphoma, between extranodal and 
nodal lymphoid neoplasms, and among multiple extranodal 
lymphoid infiltrates occurring in the same individual. 

The antigen recognition molecules of B and T cells, 
immunoglobulin (Ig) and T cell receptor(s), respectively, are 
encoded by genetic loci that undergo somatic recombinations 
(rearrangements) to become functionally active in mature 
lymphocytes.“* We and other investigators have demon- 
strated that clonal rearrangements of the Ig and the T cell 
receptor 8 chain (T8) gene loci are accurate and objective 
molecular genetic markers of the lineage and clonality of B 
and T cells, respectively.”’? The demonstration of clonal Ig 
and T8 gene rearrangements by Southern blot hybridization 
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rearrangements, which suggested that they too were 
derived from an identical B cell clone. Five ocular adnexal 
lymphoid neoplasms were classified by morphological 
examination and immunophenotypic analysis as benign, 
polyclonal pseudolymphomas. Three of these five ocular 
adnexal lymphoid neoplasms exhibited clonal IgH gene 
rearrangements, which suggested the presence of mono- 
clonal B cell populations that escaped detection by mor- 
phological and immunophenotypic examination. None of 
the 24 pathological samples exhibited clonal TË gene 
rearrangements upon hybridization of EcoRl- or Barmftil- 
digested DNA to a TS gene DNA probe. The results of 
these studies demonstrate the value of Southern biot 
hybridization analysis for clonal IgH and Tf gene rearrange- 
ments in the diagnosis, classification, and investigation of 
extranodal lymphoid neoplasms originating and/or pre- 
senting in the ocular adnexa. 

© 1987 by Grune & Stratton, inc. 


analysis has determined the lineage and the clonality of a 
variety of lymphoproliferative disorders and has become an 
important adjunct in the diagnosis, classification, and inves- 
tigation of lymphoid neoplasias.'*"’ However, immunogeno- 
typic analysis has not been systematically applied to an 
examination of extranodal small lymphocytic infiltrates. 

We investigated the organization of the Ig and the TË gene 
loci in 24 morphologically and immunophenotypically well 
characterized samples of ocular adnexal, eg, conjunctival, 
lid, orbital, and extraocular lymphoid neoplasms obtained 
from 18 patients presenting with an ocular adnexal lymphoid 
neoplasm. This survey included patients with a solitary, 
unilateral ocular adnexal lymphoid neoplasm without sys- 
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temic lymphoma, patients with simultaneous bilateral ocular 
lymphoid neoplasms, and patients who were discovered to 
have concurrent ocular adnexal and nonocular lymphoid 
neoplasms at the time of presentation. The results of these 
studies demonstrate the utility of immunogenotypic analysis 
in the diagnosis, classification, and investigation of extra- 
nodal lymphoid neoplasms. 


MATERIALS AND METHODS 


Patients. Eighteen patients presenting with an ocular adnexal 
lymphoid neoplasm were included in this study (Table 1). These 
patients were randomly selected from among cases of ocular adnexal 
lymphoid neoplasia that had been previously well characterized and 
in which adequate numbers of cells were available for Southern blot 
hybridization analysis. 

Specimens, One sample of heparinized peripheral venous blood 
and representative portions of the surgical biopsy specimens of 20 
ocular adnexa and three lymph nodes, all suspected of involvement 
by malignant lymphoma, were obtained from these 18 patients. 
These specimens were collected under sterile conditions during the 
course of standard diagnostic procedures. A mononuclear cell sus- 
pension of greater than 95% viability and free of erythrocytes, dead 
cells, and cellular debris was prepared from each sample by Ficoll- 
Hypaque (Pharmacia Fine Chemicals, Piscataway, NJ) density 
gradient centrifugation." Immunophenotypic analysis was per- 
formed at the time of mononuclear cell isolation before cryopreser- 
vation. Excess cells were cryopreserved in vapor-phase liquid nitro- 
gen at — 170°C in the presence of dimethylsulfoxide and fetal calf 
serum, 

Histopathology. Hematoxylin-eosin-stained sections were pre- 
pared from the paraffin blocks from each biopsy specimen corre- 
sponding to the tissue investigated by immunophenotypic and molec- 
ular genetic analysis. Each ocular lymphoid neoplasm was classified 
as an inflammatory pseudotumor, reactive lymphoid hyperplasia, or 
malignant lymphoma according to previously established histo- 
pathologic criteria. The malignant lymphomas were subclassified 
according to the working formulation of the non-Hodgkin's lympho- 
mas.” All additional relevant biopsy specimens also were reviewed, 
even though these tissues might not have been subjected to special 
Studies. 

Immunophenotypic analysis. The proportion of cells in each 
pathological sample that formed sheep erythrocyte rosettes, 
expressed surface Ig (slg) and/or a variety of B- and T cell- 
associated differentiation antigens, la, B1, B4, Leu-14, T1, T3, T4, 
and T8,” was determined in suspensions of viable mononuclear cells 
by using previously described techniques.” 

Molecular genetic analysis. DNA was extracted from each of 
the 24 pathological samples by standard techniques.” Twenty 
micrograms of DNA was digested with the appropriate restriction 
endonuclease and analyzed for lg and T8 gene rearrangements by 
Southern blot hybridization.“ Hybridization was performed in 50% 
formamide, 3x standard saline citrate buffer (SSC) at 37°C for 16 
hours. The filters were washed in 0.2 x SSC and 0.5% sodium 
dodecyl sulfate, pH 7.0, at 60°C for two hours.2> DNA clones 
representative of different portions of the Ig and T8 gene loci were 
YP labeled by nick-translation” for use as probes. The range of 
specific activities obtained with this DNA-labeling technique is 2 to 
S x 10° dpm/ug. We have determined, by DNA dilution experi- 
ments, that clonal populations representing 5% of the total DNA 
may be detected by using nick-translated probes and these hybrid- 
ization and washing conditions. The IgH gene locus was studied by 
hybridization of EcoRI- and HindIlII-digested DNA to a J region 
(Ju)-specific probe, a BamHI-HindIll 6-kilobase fragment repre- 
sentative of the entire Jy region (kindly provided by Dr Stanley 
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Korsmeyer, National Institutes of Health). The T8 gene locus 
was analyzed by hybridization of EcoRI- and BamHI-digested 
DNA to a Tf gene probe that hybridizes to both constant region 
alleles (a gift from Dr Tak Mak, Ontario Cancer Institute). 7” 


RESULTS 


Clinical features. The age, sex, pertinent prior history, 
clinical presentation and findings, histopathologic and 
immunophenotypic diagnosis, form of therapeutic interven- 
tion, subsequent clinical course, and eventual outcome of 
each of the 18 patients included in this study is summarized 
in Table 1. The patients ranged from 43 to 86 years of age 
(mean age, 63 years). Six patients were male, and 12 patients 
were female. Sixteen patients (Table 1, case nos. 1 to 16) 
presented with unilateral, and two patients (Table 1, cases 17 
and 18) presented with simultaneous bilateral, ocular 
adnexal lymphoid neoplasms. Both patients with bilateral 
and five of the 16 patients (Table 1, case nos. 11 to 15) with 
unilateral, ocular adnexal lymphoid neoplasms were discov- 
ered to have disseminated systemic lymphoma at the time of 
presentation. One of these five patients (Table 1, case no. 11) 
had a history of generalized lymphadenopathy and carried a 
prior lymph node biopsy diagnosis of “diffuse, poorly differ- 
entiated lymphocytic lymphoma.” The remaining 11 
patients had no evidence of systemic lymphoma based upon 
radiological and, in some instances, bone marrow examina- 
tion at the time of presentation. However, patient no. 1 had 
undergone an excisional biopsy of a histopathologically 
benign right upper lid mass 3 years earlier. Systemic evalua- 
tion was negative at that time, and therapy had never been 
initiated. Patient no. 4 had an undocumented history of a 
“benign lung lymphoma” that had been treated by irradia- 
tion. 

Immunophenotypic and histopathologic analysis. We 
performed immunophenotypic analysis on each of the 20 
ocular adnexal lymphoie neoplasms occurring in these 18 
patients and also on three samples of lymph node and one 
sample of peripheral blood obtained from three of these 18 
patients (Tables 2 and 3). The results of these analyses 
determined that 15 ocular adnexal lymphoid neoplasms 
occurring in 13 patients (Table 1, case nos. 6 to 18) were 
monoclonal B cell proliferations. This includes six patients 
with unilateral ocular lymphoid neoplasms limited to the 
ocular adnexa, the two patients with simultaneous bilateral 
ocular adnexal lymphoid neoplasms, and all five patients 
discovered to have nonocular lymphoid neoplasia. The unila- 


Table 2. Results of immunophenotypic and Molecular Genetic 
Analysis of Five Ocular Adnexal Pseudolymphomas 


immunophenotype 
Patient la sig K x Tt T3 T4 Ta igH TB 
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42 23 13 10 67 69 60 7 G G 
36 ND 12 22 57 SG 41 13 G G 
48 ND 28 18 51 52 49 8 R G 
51 ND 12 14 51 58 43 10 R G 


53 37 15 16 44 NDB ND ND R G 
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Numbers indicate the percentage of cells expressing the particular cell 


marker. 
Abbreviations: G, germline; R, rearranged: ND, not done. 
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ae aaa T a mm a 


Genotype 
Patient Specimen la B1 sig Isotype T1 E T3 T4 8 igh “TB 
6 Ocular 64 ND 66 MD« 90 29 30 24 5 FR G 
7 Ocular 75 ND 65 MA 68 27 21 19 5 R G 
8 Ocular 70 87 75 Mk 95 11 ND ND ND R G 
9 Ocular 61 ND 59 GA 29 38 26 13 17 R & 
10 Ocular 62 ND 84 K 10 15 11 13 1 R e 
11 Ocular 95 ND 95 A 95 1 6 2 2 R G 
12 Ocular 90 75 75 MDx« ND 23 15 10 3 R G 
13 Ocular 75 74 72 MDK 26 ND 26 23 7 R {3 
14 Ocular 69 72 70 Mix 30 ND 35 18 13 R & 
Lymph Node 62 65 50 Mx 36 39 37 18 15 H e 
Peripheral biood 59 60 60 Mix 39 33 36 18 9 R G 
15 Ocular 17 83 80 Mx 13 ND 13 8 2 R G 
Lymph node 92 90 88 Mix 8 7 6 4 3 R G 
16 Ocular 95 90 95 MDA 95 1 ND ND ND R G 
Lymph node 90 90 95 MDA 95 3 ND ND ND R G 
17 Ocular-right 85 90 90 MDx 6 11 5 4 3 R G 
Ocular-ieft 66 83 94 MDx 7 9 5 4 2 A {i 
18 Ocular-right 74 81 71 MD« 18 16 31 21 6 R G 
Ocular-left 80 B4 73 MDK 19 20 17 12 6 R G 


eee r AAEE aane 





aanmaak Ha 





Numbers indicate the percentage of cells expressing the particular cell marker. 


Abbreviations: G, germline; R, rearranged; ND, not done. 


teral ocular adnexal lymphoid neoplasms occurring in the 
five remaining patients (Table 1, case nos | to 5) were 
polyclonal lymphoid proliferations. 

Each of the 15 ocular adnexal monoclonal B cell neo- 
plasms contained =60% B cells expressing either x or A light 
chains. The immunoglobulin isotype was IgMDx in 7; IgM« 
in three; and IgMDA, IgMA, and IgGaA in one case each, 
respectively. We did not determine the Ig heavy chain class 
in two cases; one of these cases expressed A and | case 
expressed « light chains. The bilateral ocular adnexal lym- 
phoid neoplasms occurring in a single individual expressed 
an identical Ig isotype. Each nonocular lymphoid neoplasm 
examined expressed the same Ig isotype as the ocular 
adnexal monoclonal B cell neoplasm occurring in the same 
patient. 

We classified each of the 15 ocular adnexal monoclonal B 
cell neoplasms as a malignant lymphoma on the basis of 
morphological criteria. We subclassified these 15 malignant 
lymphomas as small lymphocytic,’ intermediate lymphocyt- 
ic, diffuse large noncleaved cell,’ follicular and diffuse small 
cleaved cell,’ and follicular large cell.’ The bilateral ocular 
adnexal lymphoid neoplasms occurring in a single individual 
were identical morphologically. In addition, each nonocular 
lymphoid neoplasm was similar morphologically to the ocu- 
lar adnexal lymphoid neoplasm occurring in the same 
patient. 

Each of the five ocular adnexal polyclonal lymphoid 
neoplasms contained an admixture of T and B cells. The 
proportion of T cells ranged between 44% and 69% on the 
basis of Tl and/or T3 antigen expression. The T cell 
population consisted of T4* and T8* cells in ratios ranging 
from 3.2 to 8.6. The B cell population consisted of x and À 
light chain—positive B cells in ratios ranging from 0.5 to 1.6. 
We interpreted these five ocular adnexal lymphoid neo- 


plasms as reactive lymphoid hyperplasias on the basis of 
morphologic criteria. 

Molecular genetic analysis. We investigated the organi- 
zation of the IgH and the Tf gene loci in each of the 20 
ocular adnexal lymphoid neoplasms occurring in these 18 
patients. Each of the 15 ocular adnexal lymphoid neoplasms 
that we determined to be a monoclonal B cell proliferation by 
immunophenotypic analysis exhibited clonal IgH gene rear- 
rangements upon hybridization of EcoRI- or Hindi- 
digested DNA to a J,,-specific DNA probe. In addition, the 
ocular adnexal monoclonal B cell neoplasm occurring in each 
individual exhibited a unique IgH gene rearrangement pat- 
tern consistent with a derivation from a distinctive B cell 
clone (representative data are illustrated in Fig 1). The 
bilateral ocular adnexal lymphoid neoplasms occurring 
simultaneously in each of two individuals (Table 1, case nos. 
17 and 18) exhibited identical clonal IgH gene rearrange- 
ment patterns (Fig 2), which suggested that they are derived 
from the identical B cell clone and do not represent separate 
primary neoplasms.” None of these monoclonal B cell neo- 
plasms exhibited clonal T8 gene rearrangements upon 
hybridization of EcoRI- or BamHI -digested DNA to a T8 
gene DNA probe (data not shown). We had previously 
demonstrated that approximately 11% of lymphoid neo- 
plasms exhibit both clonal IgH and Tf gene rearrangements, 
ie, they are bigenotypic.”* The absence of bigenotypic neo- 
plasms in this series suggests that extranodal lymphoid 
neoplasms may be bigenotypic less often than are nodal 
lymphoid neoplasms. 

We also examined one peripheral blood and three lymph 
node samples obtained from three of the patients discovered 
to have concurrent ocular adnexal and nonocular lymphoid 
neoplasia (Table 1, case nos. 14 to 16). We demonstrated by 
immunophenotypic analysis that each of these samples con- 
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tained a monoclonal B cell proliferation expressing the same 
immunoglobulin isotype as the B cells constituting the 
patient’s ocular adnexal lymphoid neoplasm. Molecular 
genetic analysis with two different restriction endonucleases, 
EcoRI and Hind I11, demonstrated that the nonocular lym- 
phoid neoplasms in patients no. 14 and no. 16 exhibited a 
pattern of clonal IgH gene rearrangement bands that was 
identical to that expressed by the ocular adnexal lymphoid 
neoplasms occurring in the same patients (Fig 3). Thus, the 
ocular adnexal and the nonocular lymphoid neoplasms 
occurring in these two patients appear to be derived from the 
same B cell clone and do not represent separate primary 
lymphoid neoplasms. However, the lymph node obtained 
from patient no. 15 exhibited a clonal IgH gene rearrange- 
ment pattern that was distinct from that of the patient’s 
ocular adnexal lymphoid neoplasm (Fig 3). This case may 
represent a biclonal B cell lymphoma.” None of these 
nonocular lymphoid neoplasms exhibited clonal Tf gene 
rearrangements upon hybridization of EcoRI- or BamHI- 
digested DNA toa Tf-specific DNA probe. 


Fig 2. Southern blot hybridization 
analysis of IgH gene in DNAs extracted 
from bilateral ocular adnexal mono- 
clonal B cell neoplasms. Lanes C con- 
tain human fibroblast DNA. The num- 
ber above each of the other lanes 
corresponds to the case number in 
Table 1, and the letters A and L 
indicate right and left, respectively. 
The DNAs were digested with EcoRI 
and Hindlll and hybridized to a J,, 
probe. Rearrangement bands are indi- 
cated by arrows. Lanes C show the IgH 
gene germline configuration without 
rearrangement bands. The bilateral 
ocular adnexal monoclonal B cell neo- 
plasms occurring simultaneously in 
each individual exhibited identical 
clonal IgH gene rearrangement pat- 
terns, which suggested that each neo- 
plasm was derived from the identical B 
cell clone and that they do not repre- 
sent separate primary neoplasms. 





Enzyme: 
Probe 
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Fig 1. Southern blot hybridiza- 
tion analysis of IgH gene in DNAs 
extracted from ocular adnexal mon- 
ocional B cell neoplasms. Lanes C 
contain human fibroblast DNA. The 
number above each of the other 
lanes corresponds to the case num- 
ber in Table 1. The DNAs were 
digested with EcoRI and Hindili and 
hybridized to a joining-region, 
heavy-chain (J,,) probe. Rearrange- 
ment bands are indicated by arrows. 
Lanes C display the IgH gene germ- 
line configuration without rear- 
rangement bands. Each of the 15 
ocular adnexal lymphoid neoplasms 
classified morphologically as a malig- 
nant lymphoma and determined to 
be monoclonal B cell by immuno- 
phenotypic analysis exhibited clonal 
IgH gene rearrangement bands. 


We had interpreted five unilateral ocular adnexal lym- 
phoid neoplasms (Table 1, case nos. | to 5) to be benign, 
polyclonal pseudolymphomas based upon histopathologic 
examination and immunophenotypic analysis. None of these 
five pathological samples exhibited clonal T8 gene rear- 
rangements upon hybridization of EcoRI- or BamHI- 
digested DNA to a T§-specific DNA probe (data not 
shown). However, two of these five pathological samples 
(Table 1, case nos. 4 and 5) exhibited clear and easily 
recognizable clonal IgH gene rearrangement bands upon 
hybridization of EcoRI- or Hindlll-digested DNAs to a 
Jy-specific probe (Fig 4). A third sample exhibited a faint 
nongermline band upon analysis of EcoRI-digested DNA 
and three faint, barely perceptible, IgH gene rearrangement 
bands upon analysis of HindIII-digested DNA, which sug- 
gested B cell oligoclonality (Fig 4). The two remaining 
pathological samples (Table 1, case nos. 1 and 2) exhibited 
the germline IgH DNA configuration (Fig 4). Thus, three of 
the five ocular adnexal pseudolymphomas that we investi- 
gated contained either oligoclonal or conspicuous mono- 
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Fig 3. Southern blot hybridization analysis of IgH gene in DNAs extracted from ocular adnexal monoclonal B cell neoplasms and 
nonocular lymphoid neoplasms occurring concurrently in the same individual. Lanes C contain human fibroblast DNA. The number above 
each of the other lanes corresponds to the case number in Table 1, and the letters a, b, and c indicate different anatomic sites. The DNA’‘s 
were digested with EcoRI and Hindili and hybridized to a J,, probe. Rearrangement bands are indicated by arrows. Lanes C show the IgH 
gene germline without rearrangement bands. The ocular adnexal and nonocular lymphoid neoplasms occurring concurrently 
in patient nos. 14 and 16 exhibit identical clonal IgH gene rearrangement patterns which suggested that they are derived from the identical 
B cell clone. The lymphoid neoplasms occurring in patient no. 15 exhibit distinctive clonal IgH gene rearrangement patterns. 


clonal B cell populations by molecular genetic analysis that 
were not recognizable by morphological examination and 
immunophenotypic analysis. 

Eventual patient outcome. Thirteen of the 18 patients 
had an ocular adnexal lymphoid neoplasm that we deter- 
mined to be monoclonal B cell in nature by immunopheno- 
typic analysis. Five of these 13 patients were asymptomatic, 
without evidence of ocular or nonocular lymphoid neoplasia 
at 12, 14, 28, 36, and 39 months, respectively. Four patients 
were alive with evidence of systemic lymphoma at 12, 14, 24, 


and 26 months, respectively. Three patients died of systemic 
malignant lymphoma 15, 16, and 29 months after their 
presentation with an ocular adnexal lymphoid neoplasm. One 
patient died of metastatic bronchogenic carcinoma 46 
months after presentation but had no evidence of ocular or 
nonocular lymphoid neoplasia at postmortem examination. 
Five of the 18 patients had an ocular adnexal lymphoid 
neoplasm that we determined to be polyclonal by immuno- 
phenotypic analysis. The neoplasms in two of these patients 
were also polyclonal at the molecular genetic level, the 
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Fig4. Southern blot hybridization analysis of IgH gene in DNAs extracted from benign, polyclonal ocular adnexal pseudolymphomas. 
Lanes C contain human fibroblast DNA. The number above each of the other lanes corresponds to the case number in Table 1. The DNAs 
were digested with EcoRI and Hindili and hybridized to a J, probe. Lanes C show the IgH gene germline configuration without 
rearrangement bands. Case nos. 1 and 2 lack clonal IgH gene rearrangement bands and thus lack detectable monoclonal B cell populations. 
Case nos. 4 and 5 display clearly visible clonal IgH gene rearrangement bands, which indicate the presence of monoclonal B cell 
populations. Case no. 3 contains faint, barely perceptible IgH gene rearrangement bands, which suggests the presence of multiple clonal B 
cell expansions. The clonal B cell populations in case nos. 3 to 5 were not detectable by morphological examination and immunophenotypic 
analysis. 
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neoplasm in one patient contained faint oligoclonal bands, 
and the neoplasms in the two remaining patients contained 
clearly identifiable clonal B cell expansions by molecular 
genetic analysis. The two patients with ocular adnexal lym- 
phoid neoplasms that were immunophenotypically poly- 
clonal but monoclonal B cell by molecular genetic analysis 
were alive, asymptomatic, and without evidence of ocular or 
extraocular lymphoid neoplasia at 29 and 44 months, respec- 
tively. The patient with oligoclonal bands had no evidence of 
systemic disease after 56 months of follow-up. One of the two 
patients with a polyclonal lymphoid proliferation was alive 
and well without evidence of disease at 43 months, whereas 
the other patient developed a monoclonal B cell proliferation 
in the contralateral orbit 43 months after the initial presenta- 
tion. 


DISCUSSION 


Southern blot hybridization analysis using specific Ig and 
T8 gene DNA probes allowed us to determine the lineage 
and clonality of 20 extranodal lymphoid neoplasms originat- 
ing and/or presenting in the ocular adnexa of 18 patients and 
four nonocular lymphoid neoplasms occurring in three of 
these same patients. The results of molecular genetic analysis 
were correlated with the results of morphological and immu- 
nophenotypic examination of the same samples and with the 
clinical course of each patient. The results of these studies 
provide several observations with significant clinical and 
biologic implications concerning extranodal lymphoid neo- 
plasia. First, ocular adnexal lymphoid neoplasms composed 
of monomorphic collections of small cytologically mature 
appearing lymphocytes exhibiting Ig light-chain isotypic 
exclusion clearly represent clonal B cell expansions. This is 
true for lymphoid neoplasms originating in and remaining 
limited to the ocular adnexa as well as those associated with 
disseminated systemic lymphoma. Second, simultaneous 
bilateral ocular adnexal monoclonal B cell neoplasms may be 
derived from the identical B cell clone and do not necessarily 
represent separate primary tumors. Third, the ocular 
adnexal and nonocular lymphoid neoplasms occurring con- 
currently in the same individual may be derived from the 
same B cell clone. Fourth, many ocular adnexal lymphoid 
neoplasms currently classified as benign pseudolymphomas 
may contain clonal B cell expansions demonstrable by molec- 
ular genetic analysis, which are not recognizable by histo- 
pathologic and/or by immunophenotypic examination. This 
finding does not necessarily imply that these pseudolympho- 
mas are in reality malignant lymphomas because clonality 
cannot be equated with malignancy. However, this finding 
does support the contention that monoclonal B cell lympho- 
mas may arise in extranodal polyclonal pseudolymphomas. 

The determination of the benignancy or malignancy of an 
extranodal lymphoid neoplasm has been based upon tradi- 
tional, long-established morphological criteria.**? It is gen- 
erally accepted that cellular polymorphism and cytological 
maturity favor benignancy whereas monomorphism and 
cytological atypia favor malignancy.’ Extranodal small lym- 
phocytic neoplasms have been traditionally classified as 
benign pseudolymphomas because of their apparent cytologi- 
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cal maturity and lack of atypia by morphological examina- 
tion. However, many extranodal small lymphocytic 
neoplasms resemble nodal small (well-differentiated) 
lymphocytic lymphomas morphologically.’ Moreover, the 
cells frequently express low-density monotypic slg and the 
Ti antigen,’ similar to the cells of nodal small (well- 
differentiated) lymphocytic lymphomas.” These observa- 
tions have led some observers to suggest that many extrano- 
dal small lymphocytic neoplasms actually represent small 
(well-differentiated) lymphocytic lymphomas.’ 

Molecular genetic analysis is a considerably more objec- 
tive and accurate approach than morphological examination 
and immunophenotypic analysis in determining the lineage 
and clonality of lymphoid populations. Our molecular 
genetic studies demonstrate that lymphoid neoplasms resem- 
bling nodal small (well-differentiated) lymphocytic lympho- 
mas morphologically and immunophenotypically but that 
are localized to the ocular adnexa exhibit clonal IgH gene 
rearrangements. These studies also demonstrate that the 
various ocular adnexal and nonocular lymphoid neoplasms 
resembling nodal small (well-diferentiated) lymphocytic 
lymphomas morphologically and immunophenotypically 
that occur as simultaneous bilateral ocular adnexal or con- 
current ocular and nonocular lymphoid neoplasias in a single 
patient nearly always express an identical pattern of clonal 
IgH gene rearrangements, which suggests that they are 
derived from one distinctive B cel! clone. This is strong and 
compelling evidence that the multiple lymphoid tumors 
exhibiting the small (well differentiated) lymphocytic lym- 
phoma morphology occurring in each individual represent 
one malignant lymphoma that disseminated. These findings 
support our contention that extranodal lymphoid neoplasms 
morphologically identical to nodal small (well-differen- 
tiated) lymphocytic lymphoma legitimately fall into the 
spectrum of small (well-differentiated) lymphocytic lympho- 
mas. Taken together, the clinical, morphological, immuno- 
phenotypic, and now the molecular genetic evidence suggests 
that small lymphocytic neoplasms that occur in extranodal 
sites such as the ocular adnexa represent the extranodal 
counterpart of nodal small (well-differentiated) lymphocytic 
lymphomas whether they are localized to an extranodal site 
or are disseminated. 

it can be correctly argued that the molecular genetic 
determination of B cell clonality does not in itself imply 
malignancy, ie, complete transformation, nor does it neces- 
sarily imply that a lymphoid neoplasm will behave in a 
clinically aggressive manner. Nodal small (well-differen- 
tiated) lymphocytic lymphomas consistently exhibit clonal 
IgH gene rearrangements, but they are often clinically 
indolent and only slowly progressive. The results of the 
studies presented here suggest that the majority of ocular 
adnexal small lymphocytic lymphomas remain limited to the 
ocular adnexa and also are clinically indolent; only a minor- 
ity are associated with disseminated systemic lymphoma. 
The ability to predict which small lymphocytic lymphomas 
will be clinically aggressive may have to await recognition of 
oncogenic marker(s) associated with their malignant trans- 
formation. 

It is well known that benign pseudolymphomas occur in 
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each of the anatomic sites in which malignant B cell lympho- 
mas also originate.’ For example, chronic lymphocytic thy- 
roiditis is commonly seen in association with malignant 
lymphomas that originate in the thyroid gland.” In addition, 
Sjögrens syndrome and benign lymphoepithelial lesions 
often antedate the development of monoclonal B cell lympho- 
mas in the salivary glands.” Therefore, it has been suggested 
that extranodal benign pseudolymphomas may serve as 
precursor lesions and/or be associated with the development 
of extranodal malignant lymphoma in some instances.*! 
Support for this hypothesis comes from the recognition of 
“clonal proliferation centers” within benign lymphoepithe- 
lial lesions of the salivary gland.” 

In this respect, one of the most interesting observations of 
this study was that many ocular adnexal lymphoid neoplasms 
classified as benign pseudolymphomas may contain clonal B 
cell expansions that are not recognizable morphologically 
and/or immunophenotypically. In fact, only two of the five 
ocular adnexal pseudolymphomas that we investigated 
lacked clonal B cell populations and were truly polyclonal. 
These results strongly suggest that clonal B cell expansions 
may commonly occur within benign extranodal pseudolym- 
phomas. This finding provides considerable further support 
for the contention that monoclonal B cell lymphomas may 
originate in benign extraodal pseudolymphomas. However, 
longitudinal multiparametric studies of patients with extra- 
nodal lymphoid neoplasms are necessary to substantiate this 
hypothesis. 

It could be argued that we did not identify these small 
clonal B cell populations immunophenotypically because 
they were selectively lost during their extraction from the 
tissue samples. However, our cell isolation techniques have 
been successfully used in the phenotypic identification of 
clonal B cell populations for sevéral years and are carefully 
monitored at each step to avoid cell loss. Mononuclear cell 
viability was consistently =90%, and appreciable cell loss 
was not noted in any of the cases included in this study. 
Moreover, molecular genetic analysis of 45 benign, hyper- 
plastic lymph nodes handled in an analogous manner 
revealed an occult clonal B cell population in only one 
instance (data not shown). Therefore, we do not believe that 
the discrepancy between morphological examination, immu- 
nophenotypic analysis, and molecular genetic determination 
of clonality resides at the technical level. Rather, we believe 
that the molecular genetic detection of these B cell clones is 
due to the exquisite sensitivity of the Southern blot tech- 
nique, which previously has been shown to detect DNA that 
is representative of <5% of the total DNA in a given 
sample. 4n, 

We previously reported that ocular adnexal pseudolym- 
phomas commonly contain increased numbers of T4 anti- 
gen-positive T cells. We previously had not been able to 
determine the clonality of this cell population because there 
is no reliable phenotypic marker to determine T cell clonali- 
ty. However, we were now able to investigate the clonality of 
this T cell population by using a specific DNA probe that 
detects clonal T8 gene rearrangements. Using this approach, 
we demonstrated that the large number of T cells present in 
some ocular adnexal lymphoid neoplasms do not exhibit 
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clonal T8 gene rearrangements and therefore do not repre- 
sent clonal T cell proliferations. 

It should be clear from the studies presented here that 
molecular genetic analysis provides a useful, accurate, and 
objective approach to evaluate the lineage and clonality of 
extranodal lymphoid neoplasms. This approach should be 
useful in identifying patients with extranodal monclonal B 
cell proliferations that cannot be identified by morphological 
examination and/or by immunophenotypic analysis and that 
have been designated indeterminate by some investigators.“ 
For example, immunogenotypic analysis should be particu- 
larly helpful in examining small biopsy samples of extranodal 
lymphoid proliferations, specimens in which a large inflam- 
matory response masks a malignant lymphoma, and speci- 
mens in which there is only partial involvement by malignant 
lymphoma. This approach will also be useful in determining 
clonality in extranodal lymphomas that exhibit atypical 
histopathology, le, contain prominent germinal centers, a 
polymorphous cellular component, or cells that are cytologi- 
cally mature. The identification of patients with extranodal 
monoclonal B cell proliferations should provide useful prog- 
nostic information and may be helpful in identifying patients 
in which there ts a possibility of conversion from a small 
(well-differentiated) lymphocytic lymphoma to a diffuse 
aggressive lymphoma. Furthermore, the identification of a 
clonal B cell population by its distinctive pattern of Ig gene 
rearrangements provides a useful genetic marker with which 
to follow a patient’s future lymphoid proliferations. 

However, our demonstration of the presence of clonal B 
cell populations in some morphologically benign and immu- 
nophenotypically polyclonal pseudolymphomas also raises 
important clinical questions concerning the role-of antigen 
receptor gene rearrangement analysis in the diagnosis of 
malignant lymphoid neoplasia. None of the three patients in 
this series carrying such lesions developed overt clinical 
evidence of lymphoid malignancy at 29, 44, and 56 months. 
We have previously also identified patients with the acquired 
immunodeficiency syndrome—related complex without clini- 
cal evidence of lymphoid malignancy who have hyperplastic 
lymph nodes containing clonal B cell expansions demonstra- 
ble by Southern blot hybridization analysis.” These results 
support a widespread belief that clonality should not be 
equated with malignancy. It will be necessary to investigate 
additional cases of extranodal pseudolymphoma and to care- 
fully monitor such patients longitudinally to determine the 
clinical and biologic significance of these subclincial clonal B 
cell populations. Nonetheless, the results of these studies 
demonstrate the value of Southern blot hybridization analy- 
sis for clonal Ig and T8 gene rearrangements in the diagnosis, 
classification, and investigation of extranodal lymphoid neo- 
plasms originating and/or presenting in the ocular adnexa. 
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Soluble Interleukin-2 Receptors in the Sera of Patients With Hairy Cell 
Leukemia: Relationship With the Effect of Recombinant a-Interferon 
Therapy on Clinical Parameters and Natural Killer In Vitro Activity 


By M. Chilosi, G. Semenzato, G. Cetto, A. Ambrosetti, L. Fiore-Donati, G. Perona, G. Berton, M. Lestani, A. Scarpa, 
C. Agostini, L. Trentin, R. Zambello, M. Masciarelli, F. Dazzi, F. Vinante, F. Caigaris-Cappio, and G. Pizzolo 


in this study we provide evidence that the sera of patients 
with hairy cell leukemia (HCL) contain a factor that can 
prevent the binding of a monoclonal antibody specific for 
interleukin-2 receptor (IL-2R) to its target. This factor 
corresponds to the soluble form of IL-2R (siL-2R). as 
assessed by a specific enzyme-linked immunosorbent 
assay test, and appears to be released by neoplastic hairy 
cells. The serum sIL-2R levels were very high at diagnosis 
and significantly reduced during recombinant a-interferon 


AIRY CELL LEUKEMIA (HCL) is a chronic lym- 
phoproliferative disorder characterized by splenomeg- 
aly and pancytopenia. The bone marrow is infiltrated by 
atypical cells showing a peculiar hairy morphology that can 
usually be found also in the peripheral blood in variable 
numbers.'” Hairy cells (HC) belong to the B cell lineage and 
characteristically express the interleukin-2 receptor (I[L-2R) 
on their membranes.’ This molecule plays a crucial role in 
lymphocyte proliferation and is normally expressed on the 
surface of activated T and B cells.* It has been recently 
demonstrated in both human and experimental animals that 
in vitro activated normal lymphoid cells can release a soluble 
form of IL-2R (sIL-2R).>’ 

Contrasting data have been provided on the role of IL-2 in 
the proliferation of HC in vitro.** There are some data 
suggesting the possibility that impairment of the IL-2/ 
IL-2R mechanism might be related to immunologic abnor- 
malities observed in other lymphoproliferative disorders.”'® 

A severe impairment of natural killer (NK) activity has 
been extensively demonstrated in HCL.'''® The defect of 
cytotoxic function could contribute to the increase suscepti- 
bility of HCL patients to infections, which represent the 
primary cause of mortality in this disease.'”'* One interesting 
possibility in HCL is that the IL-2R might adsorb and block 
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(riFNa2) therapy. Values of siL-2R appeared to be inversely 
related to the natural killer in vitro function displayed by 
peripheral biood mononuclear ceils from the same patients. 
The presence of sIL-2R in the serum of patients with HCL 
might be involved in the impairment of cell-mediated 
immunity observed in these patients and could represent a 
valuable marker for monitoring different phases of the 
disease and for modulating IFN therapy. 

© 1987 by Grune & Stratton, inc. 


IL-2, thereby making it unavailable for stimulating NK 
cells. Such a mechanism would be greatly facilitated by the 
release of sIL-2R from HC and its diffusion through the 
plasma and internal milieu. To test this hypothesis, we looked 
for the presence of sIL-2R in the sera of patients with HCL 
by using two different techniques: a competitive binding 
immunocytochemical assay and a recently standardized 
enzyme-linked immunosorbent assay (ELISA) test. We 
tested eight patients with HCL at diagnosis and during their 
clinical and hematologic improvement after therapy with 
a-interferon (rIFNe@2). which is highly effective in HCL.” 
The findings have been compared with the analysis of NK 
cell in vitro function. 


MATERIALS AND METHODS 


Patients and sera. Eight patients with HCL, one female and 
seven males (average age, 62 years, Table 1), were studied. The main 
clinical and laboratory data of patients at diagnosis and their 
variations during rlF Na2 therapy are shown in Fig 1. The diagnosis 
of HCL was based on clinical, morphological, cytochemical, and 
immunophenotypic criteria.'? In all patients bone marrow involve- 
ment was confirmed by the immunohistochemical demonstration of 
HC.” All patients had severe neutropenia (<0.5 x 10°/L) and 
entered a therapeutic protocol with rIFNa2 (Schering Corp, Kenil- 
worth, NJ). None of the patients had splenectomy nor underwent 
any other treatment before rIF Na? therapy. Treatment started in 
November 1984 for the first three patients, whereas the other 
patients started the therapeutic regimen later. The protocol con- 
sisted of 2 x 10° 1U/m? of rlFNa2 injected subcutaneously three 
times a week for 12 months. Informed consent was obtained from all 
patients, who had been advised of procedures and attendant risks. 
Samples of serum were col ected from all patients at diagnosis and at 
different times during rlF Ne2 therapy and evaluated for the pres- 
ence of sIL-2R in conjunction with clinical and phenotypical assess- 
ment of the disease status. Sera from 40 normal age-matched 
subjects were used as control. 

Competitive binding immunocytochemical assay to detect s1L- 
2R. The exquisitely sensitive alkaline phosphatase anti-alkaline 
phosphatase (APAAP) technique” was used to detect the specific 
immunostaining of anti-IL-2R+ target cells and reveal the inhibi- 
tory capability of sera. Hightly enriched T cells obtained by E 
rosetting sedimentation fram the peripheral blood mononuclear cells 
(PBMC) of normal donors were activated in vitro for 72 hours with 2 
ng/mL Phytohaemagglutiain (PHA-M) (Difco Detroit) and used as 
standard IL-2R+ targets. The anti-IL-2R monoclonal antibody 
(MoAb) was purchased from Becton Dickinson, Sunnyvale, CA (lot 
no. H0716). 
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SOLUBLE IL-2R IN HCL 


Table 1. Semiquantitative Evaluation of the Inhibitory Capability 
of Patients’ Sera on the Binding of Anti—IL-2R Antibody to 
Activated T Cells 





Dilutions of Patient's Serum 





Patient No. Age Sex 1:1 1:2 1:5 1:10* 

1 44 M + + + = 
2 64 F + + + a 
3 64 M + + = == 
4 70 M + + + = 
5 75 M La + ii 

6 57 M + + + g 
7 71 M + + = ae 
8 57 M -+ + 4 + 


Normal (ten cases) a 26 Se me 


Patients’ sera were obtained at diagnosis. + complete inhibition of 
anti-IL2R binding to activated T cells. 

*One microliter anti-iL-2R antibody {1:100 dilution) was mixed with 
different volumes of patient's serum (1 ui., 2 ul, 5 uL, 10 uL), the final 
volume adjusted to 10 ul. with PBS. 


Anti-IL-2R antibody was first diluted 1:100 in phosphate- 
buffered saline (PBS). One microliter of this solution was then 
added to 10 uL PBS (obtaining the 1:1,000 final working dilution 
used to detect positive staining) or to 10 wh of sera at different 
dilutions (1:1, 1:2, 1:5, 1:10, 1:20). The mixtures containing anti- 
body and sera were allowed to incubate for 20 minutes at room 
temperature before the immunocytochemical staining. 

Acetone-fixed cytocentrifuged preparations of activated T cells 
were incubated for 30 minutes with anti-IL-2R antibody diluted 
1:1,000 in PBS or serum at various dilutions. After washing, the 
preparations were reacted for 30 minutes with a goat antimouse Ig 
“bridge” antibody before the incubation with the APAAP complex 
(purchased from Dako, Copenhagen). Finally, alkaline phosphatase 
was revealed cytochemically by means of naphthol AS-BI phosphate 
(Sigma Chemical Co, St Louis) as the substrate and hexazotized 
neufuchsin (Serva, Heidelberg, FRG) as the chromogen. 

The immunostained preparations were evaluated as positive or 
negative by direct microscope observation and semiquantitative 
scoring of the number of IL-2R + cells in the preparations. Prepara- 
tions were considered negative when less than | % of the cells showed 
a faint positivity. 

Additional IL-2R+ targets were cryostat sections of HCL bone 
marrow trephine biopsy material and samples of Hodgkin's disease- 
involved lymph nodes. Both presented large numbers of IL-2R + 
cells, HC, and Reed-Sternberg cells,” respectively. 

Controls. Three different types of controls were performed. 
First, the possible inhibition of binding of MoAbs other than 
anti~fL-2R (Leu-4, Leu-1, and anti-HLA-DR, from Becton Dickin- 
son) by normal and patient's sera was investigated in parallel tests. 
The antibodies used as controls were either of the same class as 
anti-IL-2R (IgGl, Leu-4) or of different classes (IgG2a, anti- 
HLA-DR and Leu-!) 

Second, the possibility that the preincubation of target cells with 
the sera could prevent the binding of anti~IL-2R antibody was 
checked to rule out the presence in HCL sera of autoantibodies 
specific for IL-2R, as found in systemic lupus erythematosus.” 
These antibodies could produce similar inhibition of anti-IL-2R 
binding to target cells in the same system. Finally, the sera were 
dialyzed overnight in buffered saline by using standard Visking 
tubes before testing for immunocytochemical inhibition. 

ELISA test for the determination of sIL-2R. Two MoAbs 
recognizing different epitopes of the [L-2R molecule were used in an 
ELISA test (Cellfree, T Cell Science, Cambridge, MA). Briefly, 
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sIL-2R available in the samples or standards bind to the polystyrene 
microtiter wells previously incubated with 100 awl. anti-[L-2R 
MoAb (1 ug/mL). A horseradish peroxidase-conjugated anti- 
IL-2R MoAb directed against a second epitope on the [L-2R 
molecule binds to the IL-2R captured by the first antibody and 
completes the sandwich. After washing to remove the unbound 
enzyme-conjugated anti-IL-2R MoAb, a substrate solution is added 
to the wells. The reaction is then stopped and the absorbance 
determined at 490 nm. A standard curve was prepared by using 
different siL-2R concentrations defined in arbitrary units per milli- 
liter (considering 1,000 U/mL the amount of sIL-2R present in 0.1 
mL of a T Cell Science reference preparation of supernatant from 
phytohemaggliutinin-stimulated lymphocytes). : 

Demonstration of sIL-2R release by HC in vitro. WHCenreked 
populations were obtained in five patients in which, at the time of 
diagnosis, the frequency of HC was highest. HC-enriched cell 
suspensions were obtained after removal of T cells according to the 
method previously described in detail” and never contained > 1% T 
cells or monocytes as detected by indirect immunofluorescence with 
CD3 MoAb and a-naphthyl acetate esterase. The frequency of 
anti-fac and tartrate-resistant acid phosphatase—positive cells was 
>77% and >86%, respectively. 

The HC-enriched populations (1 x 10*/well) were cultivated in 
RPMI 1640 supplemented with 10% fetal calf serum (FCS, Micro- 
biological Products, Wakersville, MA), penicillin, streptomycin, 
and L-glutamine in 96-well U-bottomed microtiter plates in a final 
volume of 200 uL. They were cultured for three or seven days in a 4% 
CO, atmosphere in the presence of medium alone or | 2-0-tetradeca- 
noylphorbol-13-acetate (TPA 10 ng/mL/1 x 10° cells; Sigma) and/ 
or B cell growth factor (BCGF, 20% vol/vol 1 x 10° cells; Chemicon, 
El Segundo, CA). AH cultures were performed in triplicate. After 
the incubation period, the plates were centrifuged, and culture 
supernatants were harvested to determine the presence of s1L.-2R as 
described earlier. Cellular viability was always >95%, 

Evaluation of NK activity PBMC were obtained from freshly 
drawn heparinized peripheral blood by centrifugation on a Ficoll / 
Hypaque gradient. The cells were washed three times and resus- 
pended in RPMI 1640. Adherent cells were removed by two 
sequential incubations in plastic Petri dishes for 45 minutes at 37°C 
in an atmosphere of 95% air and 5% CO,. 

NK activity was assessed by lysis of “'Cr-labeled K-562 target 
cells as previously described.” Briefly, target cells were labeled 
overnight at 37°C in 5% CO, with 100 wCi Na "CrO, (CEA, 
Saluggia, Italy; IRE Sorin, Biomedica), extensively washed three 
times before use, and then adjusted to a final concentration of 10° 
cells/mL in RPMI 1640 supplemented with 10% FCS. To perform 
the test, 100 wh labeled targets (10° cells) was cocultured with 
effector cells for four hours at 37°C in 5% CO, at different dilutions 
to final ratios between effectors and target cells (E/T) of 5:1, 10:1, 
20:1, 40:1, and 80:1 in triplicate round-bottomed wells (Limbro 
Scientific Co, Hamden, CT). Triplicate wells with target cells in 
medium alone and in detergent were assessed to determine sponta- 
neous and maximum release, respectively. After this incubation, 
supernatants were harvested and counted ina gamma counter, The 
mean value of triplicate assays was used to calculate the percentage 
of cytotoxicity according to the following formula: percent cytotoxic- 
ity = (cpm release in test ~ cpm spontaneous release) x 100/(cpm 
maximum release — cpm spontaneous release). Spontaneous release 
from the target cells was always <8%. Nonadherent PBMC from 20 
age-matched healthy volunteers were used as control. Data are 
presented at the standard 80:1 E/T ratio as previously described in 
detail." 

NK cell activity after in vitro incubation with IL-2. The effect 
of IL-2 on the cytotoxic activity was determined after in vitro 
boosting. Effector cells (1 x 10°/mL) were cultured in RPMI 1640 


Serum 
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medium supplemented with 10% FCS, 4 mmol/L glutamine, penicil- 
lin (100 U/mL), and streptomycin (50 mg/mL) and that contained 
20% vol/vol lectin-free IL-2 (Lymphocult-LF, Biotest, Frankfurt, 
FRG) for 72 hours at 37°C in a 5% CO, atmosphere. After 
incubation with IL-2, the cells were washed, resuspended in fresh 
medium, and immediately tested for cytotoxicity as described ear- 
lier. These doses and times were previously found to give the highest 
increase of NK activity on normal peripheral blood lymphocytes 
(data not shown). In all experiments effector cells cultured in the 
same conditions, but without IL-2, were used as controls. To rule out 
the possibility of a stimulatory effect of the FCS present in the 
culture medium, appropriate controls with medium alone were 
performed. In these experiments no appreciable cytotoxic activity 
was detected. Results are expressed as percentages of Cr release (at 
the 80:1 E/T ratio) by cells cultured with IL-2 with respect to the 
cells cultured in the same experimental conditions but without 
IL-2. 


RESULTS. 


When cytospin preparations of activated T cells were 


stained with anti-[L-2R antibody at a 1:1,000 dilution, the 


APAAP technique revealed membrane staining in 25% to 
50% of the cells. The reactivity was not inhibited by normal 
sera (ten cases) added in the highest concentrations used in 
our system (1 uL prediluted anti-IL-2R antibody plus FO uL 
serum; final concentration, 1:1,000). On the other hand, all 
the sera of HCL patients at diagnosis completely inhibited 
the anti-IL-2R staining (Table 1). The inhibition was seen at 
1:1, 1:2, and 1:5 dilutions, and a positive staining appeared 
again only when anti-IL-2R antibedy was mixed with HCL 
sera at the highest dilutions. Most cases (5/8) showed 
inhibitory capability at a 1:5 serum dilution, one case at 1:10, 
and two cases at 1:2 (Table 1). 


SOLUBLE iL-2R IN HCL 


Table 2. Quantitative Evaluation of siL-2R in the Sera of HCL 
Patients at the Time of Diagnosis and During rlFNa2 Therapy 





siL-2R* (U/mt) 





Patient No. Before Therapy 3 mot 6 mot 12 mot 15 mot 
1 37,980 5,400 1,880 1,452 10,220 
2 26,680 14,973 15,200 6,230 18,570 
3 13,370 1,935 1,412 958 2,194 
4 20,500 1,885 981 690 
5 18,100 ND 2.748 1,656 
6 48,090 8,095 3,660 
7 16,080 2,232 1,294 
8 26,070 4,875 2,748 





Abbreviation: ND, not done. 

*Age-matched normal controls: mean + SD = 232 + 118 U/mL: 
range, 75 to 496 U/mL. 

+Months after the beginning of rlFNa2 therapy. 


Controls. The sera of patients with HCL did not inhibit 
the immunostaining of MoAbs other than anti-IL-2R (anti- 
HLA-DR, Leu-4, and Leu-1) in an identical system using 
the same (1:1,000) antibody dilution. The binding of anti- 
IL-2R antibody was not prevented by preincubation of 
activated T cells with the sera of patients affected with HCL. 
Overnight dialysis of sera did not modify their inhibitory 
capability. 

ELISA test for the determination of sI1L-2R, The pres- 
ence of sIL-2R in the sera of HCL patients at diagnosis was 
confirmed by using the enzyme immunoassay (Table 2). In 
all cases the values were very high (mean + SD = 25,858 + 
11,846 U/mL; range, 13,370 to 48,090 U/mL) when com- 
pared with those observed in age-matched normal controls 
(mean + SD = 232 + 118 U/mL; range, 75 to 496 U/mL). 

Detectable levels of sIL-2R were found to be released in 
the supernatants of cultured HC after stimulation up to 
seven days. sIL-2R were undetectable in all cases at day 0, 
ranged between 73 and 1,300 U/mL at day 3, and between 
132 and 2,600 U/mL at day 7. Spontaneous sIL-2R release 
was documented without stimulation in two cases. 

sIL-2R serum levels after rlIF No2 therapy. A consistent 
reduction of sIL-2R levels was observed after rIF Na2 thera- 
py. This was demonstrated by the decrease and eventually 
the disappearance of the inhibitory effect of sera in the 
cytochemical competitive assay (Fig 1) as well as by the 
progressive reduction of values obtained with the ELISA test 


Before Treatment 


2Cr Release (96) 





Baseline After 
Patient No. Value IL-2 Activation 
2 5.6 36.0 
3 6.8 39.5 
4 3.7 25.2 
5 8.0 57.3 


Controls (n = 5) 


44.6 + 8.6* 57.7 + 6.4* 


For NK activity, a standard assay was performed at an 80:1 E/T ratio. 


*SD. 
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(Table 2). sIL-2R levels started to rise again after discontin- 
uation of the rIF Na2 therapy as shown in the patients with 
the longest follow-up (Fig | and Table 2). In only one patient 
who received rl FNa2 for | year (case no. 2) were the sIL-2R 
levels only partially reduced during the course of therapy. 
This same patient experienced a rather modest clinical 
response (only a moderate increase of granulocytes and a 
small reduction of HC levels in the bone marrow). In the 
other patients the progressive loss of sIL-2R in the serum 
correlated with clinical improvement, as judged by the 
decrease of neoplastic cells in peripheral blood and marrow, 
the reduction of the spleen size in patients with enlarged 
spleens, and the increase in granulocytes and hemoglobin 
levels (Fig 1). 

Relationship between sIL-2R levels and NK in vitro 
activity. As shown in Fig |, the NK in vitro function was 
severely impaired before therapy in our patients. The cyto- 
toxic ability of patients’ mononuclear cells started to increase 
in the third month of rlFNa2 therapy and reached normal 
values after 6 months. In the three patients who had already 
discontinued therapy, rlF Na2 interruption was followed by a 
new decrease in NK function (Fig 1). Interestingly, the NK 
function in the HCL patients appeared inversely related to 
the levels of SIL-2R (Fig 1). Notably, when the sIL-2R levels 
were high, the NK function was low, when the sIL-2R levels 
reached their nadir, the cytotoxic ability began to increase, 

In vitro effect of IL-2 on NK activity. The stimulatory 
effect of exogenous IL-2 on the NK in vitro function of 
PBMC from HCL patients is shown in Table 3. At the time 
of diagnosis before any treatment, exogenous IL-2 was able 
to provide a dramatic increase in the cytotoxic in vitro 
function in all tested patients. It is worth mentioning that at 
this time the highest levels of sIL-2R were also observed in 
the patients’ serum. 

After a 6-month period of therapy with riFNe2 when 
sIL-2R levels were significantly decreased, the NK in vitro 
function was only slightly susceptible to further increase 
upon IL-2 stimulation in all cases but one (case no. 2). This 
pattern was similar to that observed in normal subjects. 

The immunophenotypic evaluation of NK-related cells 
when using Leu-7 and Leu-1! MoAbs showed comparable 
figures at diagnosis and after 6 months of rlF Ne? therapy 
(Leu-7, 0.311 x 10°/L + 0.169 v 0.237 x 10°/L + 0.207: 
Leu-11, 0.127 x 10°/L + 0.089 v 0.107 x 10°/L + 6.071) 


Table 3. In Vitro Effect of IL-2 on the NK Activity of PBMC From HCL Patients Before and During rlFNa2 Treatment 


EAE OEE eA HON AH! tac Re MIN 


After 6 mo of Therapy 
*"Cr Release (%) 
Baseline After 
Variance Value iL-2 Activation Variance 

30.4 21.8 48.8 27.8 
32.7 17.3 21.6 4.3 
21.5 12.0 12.0 0 
49.3 42.5 50.7 8.2 
13.1 
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(mean + SD). This finding suggests that the variations in 
NK activity are not primarily produced by fluctuations in 
NK cell numbers. 


DISCUSSION 


In this paper we provide evidence that the serum of 
patients with HCL contains high levels of sIL-2R. This was 
suggested by the selective inhibition of anti-IL-2R antibody 
binding to activated T cells that was exerted by patients’ sera 
and confirmed by a specific ELISA test. The inhibitory 
factor corresponding to the sIL-2R should be released in vivo 
by HC, as suggested by experiments performed in vitro. T 
cells have been demonstrated to secrete sIL-2R after activa- 
tion in vitro and might then represent an alternative or 
supplementary source of sIL-2R in vivo in our patients. 
Nevertheless, no evidence has been reported of increased T 
cell activation in HCL. In addition, the sIL-2R levels rarely 
exceed 2,000 to 4,000 U/mL in other diseases where T cell 
activation is commonly present such as viral hepatitis, infec- 
tious mononucleosis, sarcoidosis, and Hodgkin’s disease.” 

Using both methods we could demonstrate that the sIL-2R 
levels in our patients’ sera dramatically decreased after a few 
months of rl Na2 therapy. In most patients the decrease in 
sIL-2R levels corresponded to the clinical recovery and the 
improvement of erythromyelopoiesis. However, a small num- 
ber of residual HC could be detected in the bone marrow of 
all patients, even at the maximum therapeutic effect of 
rlFNa2 (data not shown), which could account for the 
observed lack of complete normalization of sIL-2R levels in 
peripheral blood (Table 2). In addition, the levels of sIL-2R 
in the serum of HCL patients and the NK in vitro function of 
PBMC appeared inversely related. 

These findings have a series of relevant implications. First, 
the observed impairment of cell-mediated immunity in 
HCL'’® might be correlated with the overproduction and 
accumulation of sIL-2R in the serum. As a consequence, the 
excess sIL-2R released in the serum in vivo might bind IL-2 
and block the IL-2/1L-2R modulation necessary for effective 
cellular proliferation.*”’ This interpretation is supported by 
the recent report that sIL-2R released by activated T cells 
maintain the capability of binding IL-2. 

The putative defect of IL-2 at serum level may be particu- 
larly important for the NK system in HCL patients where a 
severe impairment of the NK function has been extensively 
demonstrated.'''® Supportive evidence of the relevance of 
IL-2 in the mechanisms of the impaired cytotoxic response in 
HCL is provided by the fact that the addition of exogenous 
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IL-2 to short-term cultured PBMC from HCL patients can 
restore their NK activity (Table 3).'*" 

The significant increase of NK function observed during 
IFN therapy and corresponding to the decrease of sIL-2R 
levels (Fig | and Table 2) raise the question of the relation- 
ship between IFN therapy and its biologic and clinical 
effects. The mechanisms involved in the therapeutic actions 
of IFN on HCL and other neoplasms are still controversial. 
It is not established whether IFN directly exerts a cytotoxic 
effect on neoplastic cells, for example, by inhibition of 
BCGF-induced proliferation of HC." Alternatively, IFN 
could indirectly reduce the neoplastic mass by increasing the 
susceptibility of HC via the modulation of membrane anti- 
gens, including HLA-DR determinants,” or by the stimula- 
tion of immunologic defenses (especially the NK system).” 
The observed lack of timing between the restoration of NK 
activity and HC decrease in treated patients does not support 
this latter possibility. This is also suggested by the recent 
data on the absence of cytotoxic activity of NK cells from 
HCL patients on their own neoplastic cell population.” All 
these findings favor the hypothesis that the increase in 
cytotoxic activity observed in HCL after a-IFN therapy 
represents the effect of a nonspecific enhancement of the host 
immune system. 

The only exception in our study was represented by patient 
no. 2 in whom high serum levels of sIL-2R were detectable 
during the entire follow-up of the treatment. A limited 
clinical response was obtained in this patient, but NK 
activity significantly recovered during rIFNa2 therapy (Fig 
1). This discrepancy may be tentatively explained by differ- 
ences in iL-2—binding capacity of soluble receptors and/or 
by a direct activation of NK cells by interferons independent 
of IL-2 availability. This latter possibility, however, is 
unlikely because exogenous IL-2 also produced a significant 
stimulation of in vitro NK activity after 6 months of thera- 
py. 

All these considerations taken together suggest that the 
evaluation of sIL-2R in the serum, beside its relevance to the 
comprehension of immunologic phenomena taking place in 
HCL, may be important for monitoring the disease and 
particularly the response of different patients to interferon 
therapy. Longitudinal studies are now in progress to verify 
this possibility. 
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Synergistic Action of Calcium lonophore A23187 and Phorbol Ester TPA on 
B-Chronic Lymphocytic Leukemia Cells 


By Hans G. Drexler, Malcolm K. Brenner, Elaine Coustan-Smith, R. Gitendra Wickremasinghe, and A. Victor Hoffbrand 


The peripheral blood mononuclear cells from 16 patients 
with B-chronic lymphocytic leukemia (B-CLL, n = 13), 
B-prolymphocytic leukemia (B-PLL, n = 2) or hairy cell 
leukemia (n = 1) were incubated in the presence of the 
phorbol ester 12-0-tetradecanoylphorbol-13-acetate (TPA) 
and the calcium ionophore A23187. A synergy between 
these inducers was found with respect to morphological 
changes and B celi proliferation and differentiation. 
A23187 used alone did not activate the cells. B-CLL cells 
treated with the double stimulus acquired a plasmacytoid 
morphology, showed significantly higher incorporation of 
3H-thymidine and *H-uridine, and produced significantly 
higher amounts of monoclonal immunoglobulin compared 
with the same cells exposed to either of the inducers alone. 


HRONIC LYMPHOCYTIC LEUKEMIA (CLL) is, 
in most cases, a monoclonal expansion of neoplastic B 
cells in which differentiation blockage appears to be a basic 
defect leading to a clonal excess of these cells. Release of this 
blockage might have therapeutic benefits. Numerous studies 
have shown that the phorbol ester 12-0-tetradecanoylphor- 
bol-13-acetate (TPA) can stimulate differentiation of B cell 
CLL (B-CLL) cells in vitro into more mature forms’ and 
elicit a variety of biologic responses. TPA-treated cells 
showed altered cell morphology associated with a more 
differentiated state,’ and TPA alone induced the secretion of 
idiotypically identical immunoglobulin (Ig) and caused char- 
acteristic changes in the expression of B cell-associated 
surface antigens.’ 

Recent studies have provided new insights into the molec- 
ular basis of signal transduction triggering cellular activation 
and proliferation. The key event in this signal transduction 
pathway is the hydrolysis of membrane-associated inositol 
phospholipids that leads to the generation of two products 
that act as second messengers of cell activation. Cell activa- 
tion is initiated in T cells by interaction between an antigen 
associated with a major histocompatibility complex (MHC) 
molecule and the T cell receptor* and in B cells by cross- 
linking of receptor immunoglobulin by antigen or antirecep- 
tor antibodies.” This receptor-ligand interaction causes the 
hydrolysis of phosphatidyl inositol bisphosphate located in 
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These results indicate that phorbol ester and calcium 
ionophore act synergistically on B-CLL celis to induce 
proliferation and differentiation. B-PLL cells responded 
more vigorously to the signals provided by TPA and 
A23187. Previous studies showed that TPA and A23187 
can mimic the two physiological second messengers diacyl- 
glycerol and inositol trisphosphate in the transduction of 
signals leading to cell activation, proliferation, and differen- 
tiation in normal B cells. The present findings suggest that 
the capacity of B-CLL and B-PLL cells to differentiate in 
response to signals of the second messenger pathway is 
intact. 

61987 by Grune & Stratton, inc. 


the cell membrane to diacylglycerol and inositol trisphos- 
phate.” These two second messengers trigger two parallel 
pathways that act in concert. Inositol trisphosphate mediates 
the mobilization of intracellular free calcium by release of 
Ca** from intracellular stores, whereas diacylglycerol 
directly activates protein kinase C, a key calcium-dependent 
enzyme in cell activation. The subsequent protein kinase 
C-—mediated protein phosphorylation leads to alterations in 
ion flux that are manifested in membrane depolarization and 
an increase of intracellular pH.*° These events seem to be 
causally related to cellular activation and growth." 

The intracellular signals triggered by inositol trisphos- 
phate and diacyiglycerol can be independently mimicked by 
calcium ionophores (such as A23187) and phorbol esters 
(such as TPA), respectively. A23187 causes Ca?’ mobiliza- 
tion (calcium influx or transport from intracytoplasmic 
calcium stores). EDTA abrogates the effect of A23187.’ 
TPA, having a diacylglycerol-like structure, substitutes for 
diacylglycerol rather than by inducing the formation of 
diacylglycerol. TPA increases the aifinity of protein kinase C 


Table 1. Clinical Data on Patients Studied 











WBC (x 10°/L} 





Patient No. Diagnosis Age Sex at Tirne of Study Treatment 
4 B-CLL 56 M 88 COP 
2 B-CLL 72 F 187 None 
3 B-CLL 69 M 213 None 
4 B-CLL 70 F 25 None 
5 B-CLL 65 M 164 P, Cdl 
6 B-CLL 63 M 23 None 
7 B-CLL 84 F 40 None 
8 B-CLL 64 F g8 None 
9 B-CLL 65 F 28 None 

10 B-CLL 65 F 46 None 
11 B-CLL 61 M 17 None 
12 B-CLL 56 F 32 None 
13 B-CLL 72 M 28 None 
14 B-PLL 77 M 32 None 
15 B-PLL. 82 M 67 None 
16 HCL 62 F 28 None 


em tntteetiahtnttmterharte riie e ereere NN arer e a TE a a E ru LA AP aaa ANNE LAL SAMANA ALAN AAAA aAA at 


Abbreviations: C, cyclophosphamide; ©, Oncovin, P, prednisclone: 
Cbi, chlorambucil. 
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Table 2. Surface Marker Phenotypes of Patients Studied (Before T Cell Depletion) 





Reagent Reactivity cD* 1 2 3 4 
RFDR2 HLA-DR (class || antigen) — 91¢ 83 95 89 
RFAL3 Common ALL antigen cD10 0 0 0 O 
RFB4 Pan-B CD22 85 0 o 0 
RFB6 C3d receptor CD21 30 6 92 5 
RBF7 Pan-B CD20 90 84 94 83 
SmigM/G_ lg heavy chain — 86 82 ndt 80§ 
Smig«/A lg light chain — K K ndg K 
RFT1 Pan-T CD5 96 92 94 91 
RFT 11 E rosette receptor CD2 8 2 0 7 
RFT 12 Pan-T CD6 95 96 93 6 
FMC7 | Mature B cells 4 3 0 0 
Tac IL-2 receptor CD25 nt O 81 2 


Abbreviations: nt, not tested; nd, not detectable; ALL, acute lymphocytic leukemia; Smig, surface membrane immunoglobulin; IL-2. interleukin 2 


5 6 7 8 9 10 11 12 13 14 15 16 


97 74 84 87 80 90 69 64 90 83 88 82 





Patient Nos. 








O 
O 
O 
O 
© 
© 
O 
© 
© 
O 
© 


ndt A ndt K A ndt K x A A 


2 17 22 10 18 14 19 25 5 10 10 10 


97 84 95 86 94 15 85 nt 93 10 95 10 


0 2 1 2 o 6 O 6i 82 83 84 56 
0 nt o 0 53 91 0 nt nt 2 91 94 











*Cluster of differentiation group according to First and Second International Workshop. 


tPercentage of positive cells 


tSurface Ig expression not detectable; monoclonality could be shown in the immunoglobulin ELISA assays (patient no 6, IgM«; patient no. 7, IgMA 


patient no. 9, IgMA; patient no. 12, IgMx), 


§Patient nos. 4 and 16 were monoclonal for IgG heavy chain (all other cases monoclonal for IgM). 


|" Marker’ of B-PLL and HCL cells. 


for calcium*® but does not provoke a significant increase in 
Cat? 

TPA and A23187 act synergistically in activating normal 
mouse and human B cells.”'' However, comparatively little is 
known of their effects on B-CLL cells. To explore the 
possibility of inducing differentiation in CLL cells, we stud- 
ied the synergism between TPA and A23187 with respect to 
various aspects of B cell activation, including RNA synthesis 
measured by the uptake of *H-uridine and DNA synthesis 
measured by *H-thymidine uptake, which accompany mor- 
phological changes and differentiation to Ig-producing cells. 


Fig 1. Morphology of B-CLL cells treated with TPA, 
A23187, or a combination of TPA plus A23187 (May- 
Griinwald-Giemsa stained; original magnification x 1,000; 
current magnification x 440). (A) Cells at day O (typical 
morphology of small, round B-CLL cells with scanty cyto- 
plasm). (B) Cells after 72 hours of treatment with 2 x 10 * 
mol/L TPA (enlarged, irregularly shaped cells with clear 
cytoplasm). (C) Cells after 72 hours of treatment with 2 x 
10 * mol/L TPA plus 0.5 mol/L A23187 (enlarged, round to 
oval cells with basophilic cytoplasm, clear perinuclear zone, 
and eccentrically located nucleus). (D) Cells after 72 hours of 


treatment with 0.5 umol/L A23187 (cells are enlarged but C 


remained round with scanty, clear cytoplasm). 


MATERIALS AND METHODS 


Patients. Peripheral blood samples were obtained from 13 
patients with B-CLL. two patients with prolymphocytic leukemia 
(B-PLL), and one patient with hairy cell leukemia (HCL). Diag- 
nosis was based on typical clinical, morphological, cytochemical, and 


immunologic features. Clinical characteristics of the cases studied 
are outlined in Table 1. Mononuclear cells from the peripheral blood 
of four healthy donors were also investigated 

Phenotyping of cells 
Ficoll-Hypaque (Lymphoprep, Nyegaard, Oslo) density gradient 
centrifugation and analyzed by routine leukemia phenotyping 


Mononuclear cells were isolated by 
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Direct and indirect immunofluorescence was performed by using the 
microtiter plate system as described in detail earlier. Surface Ig 
expression was determined by direct immunofluorescence tests with 
fluorescein isothiocyanate (FITC)- or tetramethyl rhodamine iso- 
thiocyanate (TRITC)-conjugated goat antihuman Ig-specific anti- 
sera (Southern Biotechnology, Birmingham, AL). x or à chain 
expression was determined by double labeling with specific FITC- 
and TRITC-conjugated reagents. After incubation with specific 
monoclonal antibodies, cells were stained with FITC- or TRITC- 
conjugated goat antimouse Ig reagents. Monoclonal antibodies 
against the FMC7 and Tac antigens and reagents of the RF-series 
were kindly provided by Dr Jun Minowada (Fujisaki Cell Center, 
Okayama, Japan) and Professor George Janossy (Royal Free Hospi- 
tal, London), respectively. The composite surface marker pheno- 
types of the patients studied are listed in Table 2. 

Separation of cells. After Ficoll separation of mononuclear 
cells, plastic-adherent cells were depleted by incubation of the cell 
suspension on Nunc tissue culture plates (Roskilde, Denmark) for 90 
minutes at 37°C. The resulting cell population was T cell depleted by 
rosetting for 45 minutes at 4°C with neuraminidase-treated sheep 
RBC (TCS, Berkshire, UK). Nonrosetting cells (B lymphocytes) 
were harvested from the interface of a second Ficoll gradient. The 
numbers of residual monocytes and T cells were determined by 
labeling of this population with MCS-2 (CD13), MY4 (CD14), or 
Leu-M3 (CD14) and Leu-4 (CD3) as described earlier. 

Cell culture and in vitro stimulation. Cells were cultivated in 
RPMI 1640 medium (FLow Laboratories, Rickmansworth, UK) 
supplemented with 10% heat-inactivated fetal calf serum (Sera-Lab, 
Sussex, UK), penicillin/streptomycin (GIBCO, Uxbridge, UK), and 
L-glutamine (GIBCO) at a cell concentration of 2 x 10°/mL in 
flat-bottomed 96-well microwell plates (Nunc) in a humidified 5% 
CO, atmosphere at 37°C. The cells were continuously incubated 
(without further addition or exchange of medium) for six days and 
harvested at 24-hour intervals. The following reagents were added: 
(a) none (control); (b) TPA (Sigma Chemical Co, Dorset, UK) at 
2 x 10°" mol/L; (c) TPA (2 x 107% mol/L) plus A23187 (Sigma) in 
various concentrations, and (d) A23187 at 0.5 wmol/L. In prelimi- 
nary experiments it was found that concentrations of A23187 higher 
than 1.0 umol/L were cytotoxic; the optimal range was 0.3 to 0.7 
pmol/L A23187, 

Morphological evaluation. Morphological changes were exam- 
ined on cytocentrifuge slides (Shandon-Elliott, Sewickley, PA) 
prepared from all cell suspensions and stained with standard May- 
Griinwald-Giemsa solution. Adherence of cells to culture wells and 
formation of clusters were visually assessed in the microtiter plates 
under an inverted phase-contrast microscope. 

Analysis of lg production. The amount of IgM or IgG produced 
was measured by an enzyme-linked immunosorbent assay (ELISA). 
Microtiter plates (MicroElisa, Dynatech, Billinghurst, UK) were 
precoated overnight with rabbit antihuman IgM (Dako, Weybridge, 
UK) or goat antihuman IgG chain-specific antiserum (Sigma). 
After incubation of culture supernatants for two hours, alkaline 
phosphatase—conjugated goat antihuman antibodies specific for IgM 
or IgG (Sigma) were added for two hours. For visualization the 
substrate p-nitrophenyl phosphate (Sigma Phosphatase Substrate 
Tablets) was used. For determination of the monoclonality of the Ig 
produced, alkaline phosphatase—conjugated goat antihuman « or À 
light chain antibodies were used as the second step. All samples were 
tested for IgM and IgG production. The optical density of individual 
wells was determined with a Multiscan MC (Titertek, Flow Lab). 

DNA and RNA incorporation assays. The cultures were pulsed 
with | wCi/well of ’H-uridine or *H-thymidine (Amersham Interna- 
tional, Amersham, UK) for one and six hours, respectively. The cells 
were harvested with a Multimash 2000 (Dynatech), and incorpora- 
tion of *H-uridine into RNA and ’H-thymidine into DNA was 
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Fig 2. Response of B-CLL cells to continuous incubation with 


medium alone, TPA, A231837, and TPA plus A23187 in various 
concentrations measured at 24-hour intervals over six days. (A) 
*H-thymidina incorporation (patients 1 to 13). Uptake of °H- 
thymidine was significantly greater in the double-treated cultures 
than in the cultures treated with TPA or A23187 alone on days 3 
and 4 (P = 025). (B) *H-uridine incorporation (patients 1 to 13). 
Uptake of “H-uridine was significantly greater in the double- 
treated cultures than in the cultures treated with TPA or A23187 
alone on days 2 and 3 {P = .007). (C) IgM production (patient nes. 1 
to 3 and 5 to 13). igM production of the double-treated cells was 
significantly greater than in cultures treated with TPA or A23187 
alone on days 4, 5, and 6 iP < .0001). ©., Control: &, TPA: M, 
TPA + 0.7 M A23187; O. TPA + 0.5 LM A23187: ©, TPA + 0.3 
uM A23187; W, 0.5 uM A23787. 
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measured by standard liquid scintillation counting (LKB 1210 
UltroBeta, Bromma, Sweden). 

Statistical analysis. Comparisons between treatment groups 
were made by using paired f testing. 


RESULTS 


Cell populations. After depletion of T cells and adher- 
ent cells (monocytes, macrophages), the leukemia samples 
analyzed contained a neoplastic cell population of =98%. 
Less than 1% of the cells were positive for Leu-4 or RFT-2 
(pan-T) or for monclonal antibodies detecting myelomono- 
cytic antigens (MCS-2, MY4, Leu-M3). 

The cells of all patients had morphological features typical 
of B-CLL, B-PLL, and HCL. The surface marker pheno- 
types are shown in Table 2. Besides characteristic morpholo- 
gy, the cases of B-PLL and HCL were positive for FMC7, 
which is a marker associated with but not specific for these 
leukemias.” 

Normal B cells were obtained from the peripheral blood of 
healthy adults. However, these blood-borne normal B cells do 
not represent the normal counterparts to B-CLL cells (and 
therefore any comparison of the results is limited). B-CLL 
cells express the pan-T cell marker CDS, which is detected on 
<2% of normal peripheral blood B cells.'* The T cell- and 
monocyte-depleted normal populations contained 28% to 
42% cells stained by RFB7 (CD20). 

Morphological changes. After 72 to 96 hours incuba- 
tion, control B-CLL cells and A23187-treated cells were 
round, small, and nonadherent. TPA-exposed cells were 
either adherent to the surface of the culture dish with 
cytoplasmic elongations or clustered in densely packed, large 
clumps. Cells treated with TPA plus A23187 formed small 
clumps or aggregates that were nonadherent. B-PLL cul- 
tures showed similar growth changes. 

HCL cells treated with either TPA alone or with the 
combination of TPA and calcium ionophore displayed promi- 
nent changes in their growth pattern as described elsewhere 
for TPA treatment of HCL* the cells became strongly 
adherent and developed very long, thin, branched, cytoplas- 
mic extensions. These cells could not be detached by vigorous 
shaking or pipetting with culture medium but required two 
cycles of incubation with trypsin solution. 

On light microscopy, control B-CLL cells and A23187- 
exposed cells remained round with slightly increased cyto- 
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plasm. TPA-treated cells became larger, irregularly shaped, 
often’ with cytoplasmic vacuolization; however, the cyto- 
plasm remained clear (Fig 1). In contrast, cells treated with 
the double stimulus enlarged but remained round to oval: the 
nuclei increased in size and moved to an eccentric position; 
the chromatin became finer, more evenly dispersed with 
nucleoli apparent; and the cytoplasm was deeply basophilic 
with a clear, “Hof”-like perinuclear zone. These plasmacy- 
toid features were most pronounced in cells exposed to both 
TPA and 0.5 umol/L A23187. 

4H-thymidine incorporation. In B-CLL cells, the double 
stimulus with TPA and A23187 increased the uptake of 
*H-thymidine into DNA significantly over the 7H-thymidine 
incorporation found in cells treated with TPA alone (P = 
.025) (Fig 2A, Table 3). Maximal stimulation of prolifera- 
tion occurred at 0.5 nmol/L A23187 plus TPA and peaked at 
day 4. At the highest ionophore concentration used, the 
response was less pronounced. 

Both cases of B-PLL showed a severalfold higher incorpo- 
ration of 7H-thymidine (Table 3). In addition, the maximum 
response of B-PLL cells was at day 3 as opposed to day 4 in 
most B-CLL samples. The HCL cells were not responsive. In 
patient nos. 1 and 4 the response to the double stimulus did 
not surpass that to TPA alone; the cells from patient no. 3 
could not be triggered to incorporate *H-thymidine (Table 
4). 

4H-uridine incorporation. In the experiments summa- 
rized in Fig 2B, B-CLL cells were stimulated with either 
TPA or A23187 alone or TPA in combination with varying 
doses of A23187. The combined agents led to *H-uridine 
incorporation into RNA that was significantly increased over 
the activation with one of the inducers alone (P = .007). The 
highest peak was seen at day 3 with 0.7 mol/L A23187 plus 
TPA. 

Although the response of cells from patient no. 15 (B- 
PLL) was of about the same magnitude as seen in the B-CLL 
cultures,*H-uridine incorporation of cultures from patient 
no. 14 (B-PLL) was about four- to sixfold higher (Table 5). 
In both cases of B-PLL, the maximum response in terms of 
*H-uridine uptake occurred on day 2, whereas it was uni- 
formly on day 3 in B-CLL cells. HCL cells did not incorpo- 
rate significant amounts of *H-uridine (Table 5). 

Ig production. The effect of the combined action of TPA 
and A23187 on Ig production was assessed in an ELISA 


Table 3. Comparison of the Maximal *H-Thymidine Incorporation by B-CLL, B-PLL, and HCL Cells at Days 3 or 4 of Treatment 
With TPA, A23187, and TPA Pius A23187 


B-CLL 
Treatment (Patients 1-13) 
None (control) 177 + 164* 
TPA (2 x 107" mol/L) 1,318 + 1,207 
TPA + 0.7 umol/L A23187 413 + 381 


2,478 + 4,169 
1,288 + 1,397 
159 + 100 


TPA + 0.5 pmol/L A23187 
TPA + 0.3 pmol/L A23187 
A23187 (0.5 pmol/L) 


B-PLL 
(Patient 14 


229ł 
13,828 
50,473 
83,840 
86,354 
2,408 


B-PLL HCL Normal B Cels 
) (Patient 15) (Patient 16) (n= 3) 

486+ 473+ 242 + 94+ 
45,726 328 384 + 240 

54,762 178 nd 
87,893 256 481 + 304 

51,764 143 nd 
329 289 293 + 164 


Malignant cells were cultured at 4 x 10° celts per well and normal B cell populations at 0.5 x 10° cells per well. 


Abbreviation: nd, not done. 

*Counts per minute (mean + SD from 13 patients). 
{Counts per minute (mean from triplicate wells). 
tCounts per minute (mean + SD from three donors). 
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Table 4. Response of Individual B-CLL, B-PLL and HCL Cases to 
Treatment With the Double Stimulus TPA Plus 
Calcium lonephore 


*H-Uridine 9 *H-Thymidine 
Patient No. Diagnosis ig Production Incorporation incorporation 
1 B-CLL. + * + — f 
2 B-CLL + + + 
3 B-CLL =F + —¥ 
4 B-CLL sat i =t — f 
5 B-CLL + + + 
6 B-CLL. + + 4 
7 B-CLL 4 -+ + 
8 B-CLL + + + 
9 B-CLL + + -+ 
10 B-CLL + + + 
11 B-CLL + + + 
12 B-CLL — t -+ + 
13 B-CLL + + A 
14 B-PLL + T + 
15 B-PLE + + T 
16 HCL -t =$ -f 





Patient no. 4 had an igG isotype. 

*Response to double stimulus greater than that to TPA alone. 
tResponse to double stimulus not greater than that to TPA alone. 
tNo response to double or single stimulus. 


assay. TPA induced a clear increase in Ig production in 
B-CLL cells (Fig 2C). This increase was not found in control 
or in A23187-treated cultures. The combination of the two 
agents induced the production of significantly higher 
amounts (P < .0001) of Ig than the exposure to TPA alone. 
The double stimulation with TPA plus 0.7 wmol/L A23187 
was the most effective. 

For all cases, IgM, IgG, and light chain production was 
measured. The response to TPA with or without calcium 
ionophore was monotypic in light and heavy chains and 
corresponded to the Ig light and heavy chains found by 
surface staining. In none of the cultures with IgM-positive 
cells was IgG or an increase thereof detected at levels above 
the sensitivity of the assay. 

The B-PLL cultures showed a similar pattern of response 
in Ig production (Table 6). The HCL cells could not be 
induced to increase their Ig production (Table 6). In cultures 
from patient no. 4 (IgG isotype), TPA caused the cells to 
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produce IgG; however, the response to the doubie stimulus 
was not higher than that to TPA alone (Table 4). 


DISCUSSION 


Recent studies observed a strong synergistic action of 
phorbol ester and calcium ionophores on the cell proliferation 
of normal human and murine B cells.'*'''*’® It was found 
that proliferation, cell size, and expression of the activation 
markers Tac, transferrin receptor, and HLA-DR of normal 
B cells induced by TPA was greatly enhanced by A23187."° 

In a preliminary congress report on a small series of 
patients, Clevers et al have described that A23187 and 
phorbol esters act synergistically in the activation of B-CLL 
celis.” However, due to the lack of methodological, clinical, 
and immunophenotype data and the absence of a detailed 
presentation of the results, their report and the work pre- 
sented here cannot be compared directly. 

The present study demonstrates clearly that double stimu- 
lation of B-CLL cells with TPA and A23187 has signifi- 
cantly stronger effects than either reagent alone. The pheno- 
typic changes in B-CLL cells induced by TPA have been 
described previously.'* However, although the calcium 
ionophores used alone trigger cell activation in normal B and 
T cells,” we and others’ found that A23187 alone is not 
effective in B-CLL cells. This discordance may be a conse- 
quence of the differentiation blockage of the malignant cells 
or may occur because T-depleted cell populations from 
normal donors have a higher percentage of contaminating T 
cells that are highly responsive to calcium ionophores. In 
preliminary experiments comparing B-CLL samples before 
and after T cell depletion we found that as few as 5% to 10% 
contaminating T cells altered these results significantly. It is 
therefore essential to purify the malignant B cell population 
and to verify the number of T cells in the resulting samples. 

Higher concentrations of A23187 have been reported to 
inhibit DNA synthesis.” The range of useful doses of 
A23187 was very narrow in normal” and B-CLL cells.’ In 
our system, the doses that synergized optimally with the 
phorbol ester to promote differentiation were in the narrow 
range of 0.3 to 0.7 umol/L. 

Interestingly, cell cycle progression studies on normal 
quiescent tonsillar B cells indicated that the combination of 
TPA and calcium ionophore stimulated essentially all cells, 


Table 5. Comparison of the Maximal *H-Uridine Incorporation by B-CLL, B-PLL, and HCL Cells at Days 2 or 3 of Treatment 
With TPA, A23187, and TPA Plus A23187 








B-CLL B-PLL B-PLL HEL Normal B Celis 

Treatment {Patient nos, 1-13} {Patient no. 14) (Patient no. 15) {Patient no. 16} in = 4} 
None (control) 1,094 + 1,158* 2,202+ 303+ 277+ 323 + 54t 
TPA (2 x 1078 mol/L) 5,566 + 4,866 34,373 1,303 694 806 + 419 
TPA + 0.7 mol/L A23 187 14,942 + 13,031 48,185 6,122 623 nd 
TPA + 0.5 mol/L A23 187 14,797 + 16,790 54,006 17,420 720 1,686 + 1,006 
TPA + 0.3 umol/L A23 187 9,217 + 7,128 55,210 8,312 394 nd 
A23187 (0.5 umol/L) 1,138 + 1,192 1,017 298 648 + 71 


Malignant cells were cultured at 4 x 10° cells per well and normal B cell populations at 0.5 x 10° cells per well, 


Abbreviation: nd, not done. 

*Counts per minute (mean + SD from 13 patients). 
tCounts per minute (mean from triplicate wells). 
Counts per minute {mean + SD from four donors). 


1,832 
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Table 6. Comparison of ig Production by Treated B-CLL, B-PLL, and HCL Celis at Day 6 of Treatment With TPA, A23187, 


and TPA Plus A23187 
B-CLL B-PLL B-PLL. HCL Normal B Cefis 
Trostment (Patient nos, 1-3, 5-13)* (Patient no. 14) (Patient no. 15) (Patient no. 18) (n = 4) 

None (contro!) 0.21 + 0.174 0.20 0.08 <0.05ł 0.21 + 0.05§ 
TPA (2 x 1078 mol/L) 1.42 + 1.38 0.93 0.49 <0.05 0.20 + 0.07 
TPA + 0.7 pmol/L A23187 2.60 + 0.87 2.02 2.04 <0.05 nd 
TPA + 0.5 pmol/L A23187 2.23 + 0.94 1.64 1.53 <0.05 0.28 + 0.10 
TPA + 0.3 pmol/L A23187 1.60 + 0.68 1.38 0.86 «0.05 nd 
A23187 (0.5 umol/L} 0.27 + 0.24 0.23 0.12 <0.05 0.12 + 0.04 


Malignant cells were cultured at 4 x 10° cells per well and normal B cell populations at 0.5 x 10° cells per well. 


Abbreviation: nd, not done. 

*Patient no. 4 was of the IgG isotype. 

+Micrograms per mililiter (mean + SD from 12 patients). 
tBelow the sensitivity of the ELISA assay. 

§Micrograms per milliliter (mean + SD from four donors). 


whereas TPA alone triggered only a proportion of cells.” We 
confirm these findings by observing that the majority of the 
cells per sample changed their morphology to plasmacytoid 
variants upon exposure to the double stimulus. Similarly, the 
observed increase in thymidine and uridine uptake probably 
represents stimulation of a higher proportion of cells by TPA 
and calcium ionophore together than either in isolation. 
However, it remains possible that nucleotide uptake is 
enhanced due to increased stimulation of a minority subpop- 
ulation of cells. 

Using normal tonsillar, spleen, and peripheral blood B 
cells, Clevers et al! demonstrated that TPA and A23187 did 
not induce differentiation of these cells to Ig production. 
These results stand in contrast to our experiments where the 
synergy of the two stimuli clearly caused a strong increase of 
Ig production in B-CLL cells. However, these authors noted 
that doubly stimulated normal B cells subsequently exposed 
to B cell differentiation factor (BCDF) produced large 
amounts of Ig. This suggests that TPA plus calcium iono- 
phore provided increased responsiveness of normal B cells to 
differentiation factors.’° It is not clear why the malignant 
cells treated with the double stimulus responded promptly by 
secreting significant amounts of Ig with no further require- 
ment for BCDEF: One possible explanation is the autocrine 
secretion of differentiation-inducing factor(s), and this 
possibility is being explored by using several growth/ 
differentiation factors. 


The morphology of PLL cells and CLL cells in prolympho- 
cytoid transformation resembles that described for activated 
normal B cells,* and these B-PLL cells respond more 
strongly than B-CLL cells to the double stimulus. On the 
other hand, HCL cells did not respond to phorbol ester and 
calcium ionophore in terms of differentiation toward plasma 
cells. Despite the fact that HCL cells have been shown to be 
of B cell derivation” and have even been classified by 
immunologic means as “preplasma cells,” they did not 
develop plasmacytoid features typical of secreting B cells 
either during treatment with TPA alone’ or during exposure 
to the double stimulus. However, certain morphological 
changes were found in treated HCL cells, and the discrep- 
ancy between morphological alterations of HCL cells and 
their unresponsiveness in other respects is of interest. The 
lack of responsiveness of HCL cells might be the result of a 
possible dependence on growth/differentiation factor(s). 
Further studies are required to address this question. 

In summary, the results presented indicate that (a) phor- 
bol ester and calcium ionophore act synergistically in B-CLL 
in inducing proliferation and differentiation and (b) the 
capacity of B-CLL cells to differentiate in response to signals 


- of the second messenger pathway is intact. 
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Limiting-Dilution Analysis for the Determination of Leukemic Cell Frequencies 
After Bone Marrow Decontamination With Mafosfamide or Merocyanine 540 


By A. Porcellini, N. Talevi, M.T. Marchetti-Rossi, M. Palazzi, A. Manna, G. Sparaventi, C. Delfini, and M. Valentini 


To simulate a leukemia remission marrow, cell suspensions 
of normal human bone marrow were mixed with human 
acute lymphoblastic or myelogenous leukemic cells of the 
CCRF-SF, Nalm-6, and K-662 lines. The cell mixtures were 
incubated in vitro with mafosfamide (AZ) or with the 
photoreactive dye merocyanine 540 (MC-540). A quantity 
of 10‘ cells of the treated suspensions was dispensed into 
microculture plates, and graded cell numbers of the line 
used to contaminate the normal marrow were added. 
Limiting-dilution analysis was used to estimate the fre- 
quency of leukemia cells persisting after treatment with 
the decontaminating agents. Treatment with AZ or MC- 
540 produced a total elimination (le, 6 logs or 6.3 logs 
respectively) of B cell acute leukemia cells (CCRF-SB), 
whereas nearly 1.7 logs and 2 logs of K-562 acute 


UTOLOGOUS BONE MARROW transplantation 
(ABMT) is now being used as an alternative transplant 
approach for patients in remission of acute leukemia who 
lack an HLA-identical donor. The major stumbling block in 
ABMT still remains the high relapse rate as compared with 
allogeneic marrow transplantation,’ evidently due to occult 
leukemic cells that contaminate the remission marrow. Sev- 
eral methods for eliminating these cells from autologous 
marrow have been proposed, but the efficacy of the purging 
procedures has yet to be established. Although the advantage 
of marrow purging is uncertain in acute nonlymphocytic 
leukemia (ANLL) treated by autotransplantation in the first 
complete remission (CR), there are some indications that 
cleansing of the marrow is linked with improved survival in 
autograft recipients in the second CR.' Despite the prelimi- 
nary nature of these data and the need for more prolonged 
follow-up, in vitro treatment of the autologous marrow 
harvest to eliminate or at least reduce leukemic cells would 
seem a desirable goal.’ 

4-hydroperoxycyclophosphamide (4HC) and 4-hydrox- 
azaphosphorine or mafosfamide (AZ), both congeners of 
cyclophosphamide (CY), are the most commonly used drugs 
for chemical purging in ABMT. Evidence from animal 
models that 4HC and AZ may purge marrow of clonogenic 
cells*“ while sparing the pluripotential stem cells’ has been 
presented previously. Furthermore, 4HC- or AZ-treated 
human marrow cell suspensions are able to reconstitute the 
hematopoietic system after ablative therapy despite a 
marked reduction in detectable progenitor cells. ™® ° 

The photoreactive dye merocyanine-540 (MC-540) binds 
to fluid like domains in the outer leaflet of the lipid bilayer of 
intact cell membranes.'’'* Electrically excitable cells and 
some immature hematopoietic precursor cells show excep- 
tional permeability to MC-540." 

Photoexcitation of membrane-bound dye with light of 
suitable wavelength causes increased dye uptake, impair- 
ment of the normal permeability properties of the plasma 
membrane, and eventually, cell death.'*"6 Sieber et al!” 
have studied the sensitivity to MC-540—mediated photolysis 
of hematopoietic precursors and pluripotential stem cells as 
compared with the lymphocytic leukemia cell line L1210. 
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myelogenous blasts were still present in the cell mixtures 
after treatment with MC-540 and AZ, respectively. Treat- 
ment of the Nailm-6—contaminated cell mixtures with AZ 
resulted in 100% elimination of clonogenic cells, whereas 
nearly 80% decontamination was obtained with MC-540. 
Our results suggest that treatment with AZ could be an 
effective method of eliminating clonogenic tumor cells 
from human bone marrow. MC-640, shown by previous 
studies to spare sufficient pluripotential stem cells to 
ensure hemopoietic reconstitution in the murine model and 
in clinical application, has comparable effects and merits 
trials for possible clinical use in autologous bone marrow 
transplantation. 

©1987 by Grune & Stratton, Inc. 


Their findings of a much greater reduction in the L1210 cell 
number suggest that this dye might serve as a cleansing 
agent for ABMT. 

Although marrow cleansing offers an interesting approach 
because the aforementioned research and clinical trials have 
shown that this procedure is not harmful to pluripotential 
stem cells and not hazardous, the real efficacy of this 
procedure in terms of residua! clonogenic cell removal still 
needs to be determined. Several assays have been developed 
in an attempt to solve this problem.?!* 

This study was designed to test the ability of AZ or 
MC-540 to eliminate clonogenic leukemic cells from a 
mixture of leukemic and normal human bone marrow mono- 
nuclear cells (HBMMC). For this purpose, a highly sensitive 
in vitro clonogenic assay was developed by using established 
human leukemia cell lines. This assay, which enabled enu- 
meration of residual leukemia cells, was sufficiently sensitive 
to detect as much as a 6-log reduction in leukemia cells that 
contaminate human bone marrow. 


MATERIALS AND METHODS 


Preparation of bone marrow suspensions. Bone marrow speci- 
mens were aspirated into heparinized syringes from the posterior 
iliac crests of healthy volunteers after obtaining their informed 
consent. The mononuclear marrow cell line suspensions were pre- 
pared as described previously.” 
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Leukemia cell lines. The following established cell lines were 
used: pre-B cell line Nalm-6; B cell line CCRF-SB, and the 
myeloid-monocytic line K-562. All cell lines were kindly supplied to 
us by Dr Hansen, Fred Hutchinson Cancer Research Center, 
Seattle. The cell lines were maintained in RPMI 1640 medium with 
15% fetal calf serum (FCS), 1% penicillin-streptomycin antibiotics 
(10,000 U), 1% L-glutamine, and 1% minimal essential medium 
(MEM) sodium pyruvate solution and were kept at 37°C in a fully 
humidified incubator with 5% CO,. The cells were maintained in 
exponential growth by keeping the cell concentration in a range from 
0.5 to 1.0 x 10° cells/mL. The viability of all cell lines was =90% as 
judged by trypan blue dye exclusion. 

Purging agents. AZ (Asta Werke, Bielefeld, FRG) was diluted 
with TC 199 to a concentration of 10 ug/mL immediately before 
use. 

MC-540 (Eastman Kodak Co, Rochester, NY) was diluted from a 
freshly prepared stock solution of 1 mg/mL in 50% (vol/vol) 
water-ethanol to a final concentration of 15 ug/mL. 

Purification with AZ. To simulate remission bone marrows 
from leukemia patients, 10° leukemia cells of the CCRF-SB, Nalm- 
6, or K-562 cell lines were mixed with a 19-fold excess of HBM MC: 
the suspensions were adjusted to 20 x 10° cells/mL with TC 199 
medium, placed in 12-mL plastic tubes. and incubated for 30 
minutes at 37°C in a water bath with 50 or 100 we /mL of AZ. After 
incubation, the cell suspensions were placed in ice for five minutes to 
stop the reaction and then washed twice in RPMI 1640. 

Photosensitization with MC-540. A quantity of 2 x 10° leuke- 
mia cells of the CCRF-SB or K-562 lines were mixed with a 19-fold 
excess of HBMMC; the suspension was adjusted to 4 x 10° cells/mL 
with MEM « medium (GIBCO, Grand Island, NY), containing 15% 
FCS (Seromed, FRG) and placed in Petri dishes, and 15 ug of 
MC-540 dissolved in 50% ethanol was added, Clear polystyrene 
tissue culture dishes (60 x 15 mm) containing the cell suspension 
were placed in the center of a rectangular frame (58 x 40 cm) fitted 
with six daylight fluorescent tubes (Phillips, TL M 20W/133 RS, 56 
cm long), three above the dishes and three below, and illuminated for 
45 or 90 minutes. Hlumination at each side of the sample (at 20 cm 
from the light source) was 0.0007 W/cm’, 
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The dishes were shaken manually every five minutes to keep the 
cells in suspension. After light exposure, the cell suspensions were 
washed twice in MEM a medium containing 5% FCS. 

Limiting-dilution Assay. After incubation with AZ or MC-540, 
10* cells from those treated were suspended in 100 aL RPMI 1640 
and plated in microculture plates (Nunc, Roskilde, Denmark). 

Graded cell numbers of the same lise used to contaminate the 
HBMMC were suspended in 100 uL RPMI 1640 containing 15% 
pooled human serum and added to the treated cell feeders and 
incubated for 13 days. Refeeding of the cultures with fresh medium 
was carried out every third day. 

Twelve hours before harvesting, the cells were pulse-labeled’with 
| uC; *H-thymidine. The cells were then harvested by means of a 
Skatron apparatus (Lierbyen, Norway), and incorporated thymidine 
was quantitated by scintillation counting. 

Statistical analysis. Clonogenic cel) frequency was determined 
by the maximum likelihood (ML) method from the plot of the 
Poisson distribution relationship between the cell number seeded per 
weil and the percentage of negative wells. 

The ML equation was obtained by modifying the Taswell meth- 
od™; ML. regression analysis, x-intercept values, and confidence 
limits on the population regression line for prediction of yat a given 
value of x were obtained by using the MINUIT computer program 
(CERN Library, Geneva) ina VAX-750 computer. 


RESULTS 


For this study, a limiting-dilution (LD) analysis was 
adopted to evaluate the frequency of leukemic cells of the 
CCRE-SB, Nalm-6, and K-562 lines surviving in an 
HBMMC mixture after treatment with AZ or MC-540. 

The mean *H-thymidine uptake in the wells in which no 
leukemia cells were added (ie, containing only 10° cleansed 
HBMM cells) was determined (Fig 1). Only wells that 
exceeded the mean of the control wells by at least 3 SD were 
scored as positive (responders). The number of responders 
increased progressively with the number of blasts added {Fig 
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Fig 1. Distribution of *H-thymidine uptake in an LD assay for residual CCRF-SB lymphoblasts. Groups of 24 microwells containing 
suspensions of 10* mixed cells treated with AZ (lefthand panel) or MC-540 (right-hand panel) were seeded with graded numbers of 
CCRF-SB cells per well (see Materials and Methods) and incubated for 13 days. The cel! proliferation rate was assayed by 4+4-thymidine 
uptake. The dotted line represents 3 SD above the mean °H-thymidine uptake of the nonresponding microculturas with no added CCRFE-SB 


clonogenic cells. 
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1). Figures 2 and 3 represent the data obtained from LD 
assays of cleansed HBMM and leukemic cell mixtures in 
which the equations of the line of best fit were derived by ML 
methods. 

The cloning efficiencies of CCRF-SB, K-562, and Nalm-6 
cells in this experiment, calculated as the slope of the 
regression line when the ordinate is the natural log of the 
percent nonresponders (Fig 2), were 22%, 44%, and 26% 
respectively. 

The estimate of the number of leukemic cells still present 
in the cell mixtures after cleansing is represented by the 
x-intercept of the regression line. In the experiment shown in 
Fig 2, complete decontamination of CCRF-SB and Nalm-6 
cells (panels A and C) in each well containing 10‘ mafosfa- 
mide-purged mixture cells was obtained, and 0.08 K-562 
leukemic cells (Panel B) survived after treatment. 


leukemic cells added /well 
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Fig 2. LD analysis of mafosfamide-treated bone marrow 
mononuclear cells previously contaminated with 5% of one of the 
following clonogenic cell lines: CCAF-SB lymphoblasts {A), 
myelogenous K-562 calls (B), and pre-B Naim-6 celis {C}. The 
percentage of nonresponding wells Ia plotted against the number 
of clonogenic calls added to each well contalning 10° purged 
mixture cells. The wells were scored as positive (reaponders) or 
negative (nonresponders) according to whether the 7H-thymidine 
uptake was greater or less than the threshold 3 SD above the 
mean of the nonresponding microcultures with no added clono- 
genic celis. The lines of best fit, as determined by ML regression 
analysis, x-Intercept values, and confidence limits on the popula- 
tion regression line, were originated by the MINUIT computer 
program In a VAX-750 computer. 
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Fig 3. Results obtained from LD analysis of MC-540—treated 
bone marrow mononuclear cells; details are as in Fig 2. 


The 95% confidence intervals (95% CI) for the value of the 
x-intercept of this experiment, calculated as described by 
Cox and Hinkley,” were —0.71 to 0, —0.28 to 0, and ~—0.39 
to 0 for the three leukemic lines respectively. Thus, there was 
<5% probability that the frequency of leukemic cells would 
be greater than 1/10‘ cleansed mixture cells. It should be 
noted that the threshold sensitivity of this assay was about 
one clonogenic cell per 10 HBMM cells (Figs 2 and 3). 

Similar results were obtained in two replicate experiments 
in which a complete clearing of all leukemic cells was 
obtained, with the exception of 0.16 residual K-562 blasts in 
one single experiment. In all these replicate studies, the 95% 
CI indicated that there was always a 5% probability that the 
frequency of residual blasts would be > 1/10* purged mixture 
cells. 

Figure 3 shows the results obtained by purging the cell 
mixtures with MC-540. With this cleansing agent, the 
calculated residual clonogenic cells in each well were 0 
CCRFE-SB cells (95% CI, <0.38, panel A) and 0.11 K-562 
cells (95% CI «0.53; panel B). Pre-B Nalm-6 cells proved 
less responsive to MC-540 in that 1.78 residual leukemic 
cells (95% CI, <4.74) were found after photosensitization. 
The cloning efficiencies of leukemic cells in this experiment 
as judged by the ML regression line were 13.4% (CCRF- 
SB), 40.3% (K-562), and 8.7% (Nalm-6). 
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These results were confirmed in two replicate experiments. 
The B cell lymphoblasts were eliminated completely by the 
MC-540 treatment; however, 0.023 to 0.18 clonogenic cells 
were present after purging cell mixtures contaminated with 
the K-562 cells. Again, the 95% CI confirmed that there was 
a 5% probability of the residual blasts being present at a 
frequency greater than 1/10* purged mixture cells. 

The effectiveness of both AZ and MC-540 proved to 
depend directly on the dose level (AZ) and the light exposure 
time (MC-540) (Fig 4). Incubation of the cell mixture 
containing CCRF-SB clonogenic cells with 50 ug/mL of AZ 
caused decontamination of 3.2 logs; hence about 620 clono- 
genic cells persisted after purging. The cloning efficiency in 
this experiment was 8.6%. By increasing the dose of AZ to 
the usual level of 100 ug/mL, complete clearing of CCRF- 
SB lymphoblasts was obtained, and the cloning efficiency 
was increased to 16.5% (Fig 4, left-hand panel). 

With an exposure time of only 45 minutes, MC-540 was 
able to decrease the CCRF-SB lymphoblast frequency in the 
cell mixture by 3.7 logs. About 40 clonogenic cells were 
present after purging, and the ML regression line showed a 
cloning efficiency of 2.3%. By contrast, an exposure time of 
90 minutes not only caused complete clearing of the lympho- 
blasts but also increased the cloning efficiency to 7.3%. By 
lengthening the exposure time to 120 minutes, we could not 
detect a higher degree of decontamination; however, the 
cloning efficiency obtained in this case was 26.1% (Fig 4, 
right-hand panel). 


DISCUSSION 
Removal of occult malignant cells may be of critical 
importance for improving the efficacy of ABMT in acute 
leukemia.’ A major complication in this procedure is the 
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impossibility of evaluating the effects of in vitro treatment 
both on cells responsible for engraftment and on clonogenic 
cell removal. 

Evidence obtained in experimental models that 4-HC, AZ, 
or MC-540 does not impair the ability of marrow cell 
suspensions to restore hematopoiesis has already been pre- 
sented?!" 

A test for pluripotential stem cell survival in humans is not 
currently available. However, a body of evidence from both 
experimental and clinical studies indicates that a sufficient 
number of cells responsible for hematopoietic reconstitution 
survive exposure to either CY derivatives or MC-540. indi- 
rect confirmation thereof was obtained in two in vitro studies. 
Normal human marrow cell suspensions treated with 4-HC 
and then seeded in a long-term marrow culture system, 
although completely devoid of detectable progenitor cells, 
showed recovery of CFU-GM.” A similar study in which 
marrow from leukemic patients in CR was incubated with 
AZ obtained comparable results.’ Both studies tested a 
variety of drug dose levels including those commonly used in 
clinical ABMT and clearly indicated that purged marrow 
suspensions retain their self-regenerating ability. 

The effect of both 4-HC and AZ on normal hematopoiesis 
was evaluated by Gordon et al’ and Degliantoni et al”? by 
means of a new colony assay” designed to detect very 
immature blast progenitor cells. Both these studies showed 
that in vitro treatment with either drug did not impair the 
formation of blast colonies containing very primitive cells 
capable of self-renewal and differentiation. 

An indirect but persuasive demonstration that ex vivo 
purging with CY derivatives is not harmful to pluripotentia! 
stem cells may be inferred from the prompt restoration of 
hematopoiesis after reinfusion of purged marrow suspensions 
following myeloablative treatment. >™® In these reports the 
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Fig 4. Semilog piots of the proportion of nonresponding microcultures for each dose of clonogenic cells added to wells containing 
suspensions of 10* cleansed celis which were previously contaminated with 5% CCRF-SB lymphoblasts. Results were obtained from LD 
analysis of cell mixtures decontaminated with AZ or MC-540. Lefthand panel, 19 x 10° HBMM cells contaminated with 10° CCRE-SB 
lymphoblasts were treated with 50 or 100 ug/ml of AZ. Righthand panel, 3.8 x 10° HBMM cells contaminated with 2 x 10° CCRE-SB 
lymphoblasts were incubated with 15 ug/mL MC-540 under fluorescent lights for 45, 90, and 120 minutes. 
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median time of hematopoietic recovery was comparable to 
that obtained in ABMT with untreated marrow. 

In the first clinical application of ABMT purged with 
MC-540, the photoreactive dye showed that it did not 
compromise the graft’s ability to reconstitute the hemato- 
poietic system.” 

The other major concern in ex vivo marrow cleansing is to 
quantitate the number of clonogenic cells present in the 
remission marrow and to estimate those removed by the 
cleansing procedures. 

Unfortunately there is no means available for detecting 
minima] residual disease in remission marrow. However, by 
using leukemia cell lines it is possible to develop clonogenic 
assays that measure the elimination of malignant cells from 
an excess of normal HBMMC. Although these model sys- 
tems may differ somewhat from the clinical situation, such in 
vitro simulation experiments permit evaluation of the effi- 
ciency of the drug used in terms of leukemic cell removal. 

The LD assay has been used extensively to study the 
response of antigen-reactive cells both in animal models**”® 
and in humans.” To meet our requirements, we have 
adapted an LD assay originally described by Moretta et al” 
and modified by Martin and Hansen.*! 

In all the experiments performed, the ML regression lines 
were consistent with the single-hit model (Figs 2 and 3). 
Assuming that the test mixture cell suspensions are homoge- 
neous, the leukemic cells sampled into each microwell will 
occur randomly according to the Poisson probability distri- 
bution. In a single-hit model, it is not possible to determine 
whether a positive response is due to one or more cells. 
However, no response occurs in the absence of cells. 

Therefore, the zero term of the Poisson equation will 
indicate that the proportion of nonresponders is a negative 
logarithmic function of the number of leukemic cells added 
to each well; hence in our study, it was possible to establish 
an equation for the line of best fit to calculate the leukemic 
cell frequency in each sample. The efficacy of this assay 
hinges on its ability to provide quantal discrimination 
between wells with cell growth (responders) and wells with 
no cell growth (nonresponders).*' Definition of the latter is 
somewhat arbitrary because when total decontamination 
(100% purging) was not attained some leukemic cells were 
present in the wells after treatment even when none were 
added for the LD assay. However, in all our experiments, the 
outliers in *“H-thymidine uptake were quite obvious (Fig 1B) 
and were disregarded when calculating the cutoff between 
negative and positive wells. In some cases, when there is a 
high number of residual leukemic cells or when microcul- 
tures are seeded with an excessive amount of leukemic cells, 
the increased proliferation rate of the leukemic cells, as 
measured by *H-thymidine incorporation, can give rise to 
false-negative results and hence an unexpectedly high pro- 
portion of negative wells. In our microtray assay system, 
although cultures are refed periodically, medium supply may 
become a limiting factor in the case of an excessive cell 
proliferation rate. It is possible to adjust the LD assay for 
different degrees of blast cell purging by changing the 
number of clonogenic cells seeded per well. 
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LD assay techniques usually involve the use of irradiated 
feeders to which increasing numbers of cells containing an 
unknown proportion of precursors are added. Hence, it 
follows that when no precursors are added to the irradiated 
feeder-containing wells 100% nonresponders will be 
obtained, and the regression line will necessarily include the 
origin. In our experiments, the feeders (ie, 10° purged 
HBMM cells) contained an unknown proportion of residual 
leukemia cells to which further successive known doses of 
blasts were added. Thus, one would not expect semilog plots 
of blast cells added and the proportion of nonresponders to 
necessarily include the origin, except in the case in which no 
residual blasts remained in the wells. 

Should residual blasts persist after purging, the x- 
intercept that represents an estimate of the number of blast 
cells that would have to be removed from the feeders to 
obtain 100% nonresponders can be calculated from the ML 
regression line. 

In our model system, after AZ or MC-540 treatment at 
the highest dose level tested, no acute leukemia CCRF-SB 
lymphoblasts were detectable in the cell mixtures. In the 
Nalm-6—contaminated mixtures, AZ obtained 100% decon- 
tamination, whereas the figure for MC-540 was 80%. In the 
mixtures containing K-562 cells, both agents yielded a result 
of 99.97% decontamination. Our data do not indicate 
whether it would be possible to obtain a higher degree of 
decontamination, either by increasing the dose level of AZ or 
by increasing both the dose level and the light exposure time 
of MC-540. Clinical experience has shown that 100 ug/ml 
of AZ is the maximum safe dose level for this drug, and 
further increases might be critical.” As far as MC-540 is 
concerned, further studies are needed to determine potential 
harmful effects on pluripotential stem cells at doses higher 
than those used in our model. 

It is possible that occult leukemic cells contaminating a 
remission marrow are more difficult to eliminate than expo- 
nentially growing leukemic cells such as those used in our 
model system. It may be more difficult to obtain 99.97% 
decontamination in the clinical situation if the clonogenic 
leukemic cells are quiescent or slowly cycling. Thus the 
figure of 99.97% may represent an overestimate of the 
cleansing efficiency of both AZ and MC-540. Moreover, 
because the threshold limit for detection with this assay is 
about one per 500 clonogenic cells, it is evident that when 
complete decontamination (as calculated by our LD assay) is 
obtained as many as 3 to 4 logs of clonogenic ceils could 
persist after purging, given the supposed initial leukemic cell 
population in the autologous harvest of between 10° and 2 x 
10’ cells. 

It has been suggested that the susceptibility of tumor cells 
to alkylating agents may be due to a decrease in their 
aldehyde dehydrogenase content (compared with normal 
cells) rather than to their proliferative state.“ However, 
actively proliferating cells are likely to prove more suscepti- 
ble to alkylators than are dormant cells. Moreover, if ABMT 
is performed in the second or higher CR, residual malignant 
cells may have developed a relative resistance to alkylating 
agents. One potential advantage of using MC-540 is that this 
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agent causes impairment of the normal permeability proper- 
ties of the plasma membrane regardless of the proliferation 
rate of target cells. This suggests that this approach could 
effectively eliminate noncycling malignant cells as well.'° 
The viability of marrow treated with MC-540 is yet to be 
evaluated in a phase I clinical trial. However, our in vitro 
data suggest that chemical treatment of marrow with this 
photoreactive dye might provide a new approach for remov- 
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ing malignant cells, regardless of their cycling rate, without 
unduly damaging the pluripotential stem cells. 
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Evidence for Peripheral Blood B Lymphocyte but Not T Lymphocyte Involvement 
in Multiple Myeloma 


By James Berenson, Rex Wong, Kenneth Kim, Nathaniel Brown, and Alan Lichtenstein 


Because there is controversy regarding whether subsets of 
peripheral blood lymphocytes (PBLs) are part of the malig- 
nant clone in patients with multiple myeloma, we studied 
this question by immunoglobulin and T cell receptor gene 
analysis. Southern blot analysis with antibody probes dem- 
onstrated clonal immunoglobulin gene rearrangements in 
PBLs of seven of nine patients that were identical to those 
seen In their marrow plasma cells. Circulating plasma cells 
were not detected in any of these patients. In contrast, no 
patient demonstrated clonally rearranged T cell receptor 


ULTIPLE MYELOMA is regarded as a disease of 
immunoglobulin-producing cells. Although the pre- 
dominant cell of this marrow-based neoplasm has the mor- 
phological characteristics of a plasma cell,’ data have accu- 
mulated that other lymphoid cell types are also part of the 
malignant process.” In patients, a significant number of 
peripheral blood lymphocytes (PBLs) bear the unique para- 
protein idiotype found in the plasma cells. These data would 
suggest that an earlier cell in B cell differentiation is part of 
the malignant clone. Moreover, some workers have shown 
that idiotype-bearing T cells also circulate in the peripheral 
blood of these patients.° 

On the other hand, King and Wells’ have demonstrated 
that the cytophilic IgG idiotype may remain bound to Fe 
receptors on PBLs even after extensive washing and incuba- 
tion. These investigators failed to show any evidence of PBLs 
with an endogenous surface idiotype when using a rosette 
assay. Recently, two other groups have also not found 
significant numbers of idiotype-bearing PBLs when using 
similar assays.*? Thus, there is controversy regarding 
whether PBLs are part of the malignant clone in multiple 
myeloma and, furthermore, which lymphocyte subsets are 
involved in the disease. 

To address this controversy, we have searched for antibody 
and T cell receptor (TCR) gene rearrangements to deter- 
mine whether significant numbers of clonal malignant B 
and/or T lymphocytes exist in the peripheral blood of 
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genes. In one sequentially studied patient, PBLs obtained at 
diagnosis when he had stage | (Durie-Salmon) contained 
only germline DNA, while analysis of PBLs at relapse (stage 
Ill) ravealad a clonally rearranged band. These data confirm 
the notion that circulating lymphocytes in patients with 
myeloma are part of the malignant clone and, furthermore, 
these malignant cells are of B cell rather than T cell 
lineage. 

©1987 by Grune & Stratton, Inc. 


patients. Gene rearrangements can be used to accomplish 
this goal because clonally derived B or T cell populations 
have unique rearrangements of antibody or TCR genes, 
respectively. This DNA analysis avoids the problems with 
passively adsorbed antibody which has confounded previous 
studies. 


MATERIALS AND METHODS | 


Patients. Nine patients with multiple myeloma as defined by the 
Myeloma Task Force were studied.’ All patients underwent bone 
marrow exemination, serum protein electrophoresis, immunoelectro- 
phoresis, bone surveys, routine chemistries, CBCs, and 24-hour 
urine collection for determination of creatinine and protein. Patients 
were stagec according to the Durie-Salmon classification." 

Isolation of peripheral blood lymphocytes, granulocytes and 
bone marrow plasma cells. Peripheral venous blood and bone 
marrow samples were obtained from all nine patients after informed 
consent anc in accordance with the Human Subjects Review Boards 
of the Veteren’s Administration Wadsworth and UCLA Medical 
Center. Peripheral blood was centrifuged to separate the cells from 
the serum. The cells were exposed to Histopaque (Pharmacia Fine 
Chemicals, Piscataway, NJ) 1077 and 1119 density gradient separa- 
tion. This technique yields >98% pure granulocytes at the 1077/ 
1119 interface, and these cells do not show antibody gene rearrange- 
ments in Scuthern blot analysis.’? The mononuclear cells appear at 
the 1077/Eanks’ balanced saline solution interface, and the mono- 
cytes are removed from this fraction by adherence to plastic dishes, 
which leaves highly purified PBLs (>98%). Bone marrow was 
exposed to Ficoll-Hypaque (Pharmacia) density gradient separation 
to yield enriched populations of plasma cells. 

Southern blot analysis. Genomic DNA was prepared from 
PBLs, granulocytes, and bone marrow plasma cells on each patient 
according to the method of Perry et al. The DNA was digested with 
restriction 2ndonucleases BamHI, EcoRI or HindIII (Bethesda 
Research Laboratories, MD). Ten micrograms of digested DNA 
was electrophoresed in 0.6% agarose gels at 1 to 2 V/cm for 42 hours 
and transferred to nylon membranes by the method of Southern.“ 
Parallel lanes of similarly digested granulocyte, PBL, and plasma 
cell DNA samples from each patient were electrophoresed on the 
same agarose gel. 

Recombinant probes for the human heavy chain immunoglobulin 
(Ig) gene segments Jy and C were donated by L. Hood et al 
(California Institute of Technology, Pasadena, CA) and were sub- 
cloned in pBR322. The Jy probe is a 3.2-kilobase pair (kb), human 
genomic fragment extending from JH2 to the HindIII site in the 
JC, intervening sequence.’ The C probe is a 2-kb genomic clone 
containing the complete sequence of C 4; this probe hybridizes with 
all four C -subclass gene fragments, which are reported to be =90% 
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homologous.’ The C, probe is a 4.2-kb BamHI-Xhol human 
genomic fragment that contains the C., gene subcloned in pBR322 
and was subcloned from a Charon 28 phage that was donated by J. 
Ravetch et al (Harvard University, Cambridge, MA).” Recombi- 
nant probes for the human light chain Ig gene segments C, and J,-C, 
were donated by P. Leder. The C, probe is a 5.0-kb EcoRI-HindIUl 
human genomic fragment that is also subcloned in pBR322." The 
J.-C, probe is a 2.5-kb EcoRI fragment in pBR325. The TCR gene 
probe is a 8-TCR cDNA clone called JUR-beta 2, subcloned in 
pBR322 and donated by Dr. T. Mak (University of Toronto).” 

Probe DNAs were labeled with [PP] dCTP (deoxycytidine 
triphosphate) by nick translation.’ Hybridization and washing were 
essentially those described by Wahl et al.” After washing, the 
hybridized blots were autoradiographed using Kodak XAR-5 film 
and intensifying screens at —70°C for four to 14 days. 


RESULTS 


All patients were male and ranged from 53 to 79 years of 
age. Six patients had IgGx myeloma, two had IgAX myelo- 
ma, and one had IgGX myeloma (Table 1). Three patients 
were in stage IIA; three, IIIB; two, IIIA; and one, IA at 
diagnosis and IIIB at relapse (patient no. 6, Table 1). No 
patient had obvious circulating plasma cells on microscopic 
examination of their peripheral blood. 

The results of Southern blot analysis with antibody and 
B-TCR gene probes are summarized in Table 1. Seven of 
nine patients showed clonal antibody gene rearrangements in 
PBLs identical to those seen in their respective marrow 
plasma cells. In all six patients with IgGx myeloma, this was 
demonstrated by identification of rearranged light-chain 
genes and/or heavy-chain genes. In one of two IgA patients, 
a rearranged light-chain band was detected, whereas only 
. germline DNA was found in the other. In the one patient 
with IgGA myeloma, hybridization with the Jy probe only 

revealed germline DNA. 

' The two patients with only germline DNA in their PBLs 
(patients no. 8 and 9), had clearly detectable rearranged Ig 
bands in their marrow plasma cells. Clinically, they had 
progressive symptomatic myeloma and were in Durie- 
Salmon stage IIA and IIIA. The seven patients with clonally 
rearranged Ig genes in PBLs were in stage IIA (two 
patients), HIA (one patient), and IIIB (four patients). Thus, 
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there was no correlation between clinical stage and DNA 
analysis in this small patient sample. However, one patient, 
(patient no. 6) did not show a new rearranged band in PBLs 
at the time of diagnosis when he was in stage IA, but at 
relapse when he was in stage IIIB, his PBLs contained 
clonally rearranged DNA (Fig 1). The germline Jy band is 
approximately 18-kb, and marrow plasma cells, at diagnosis 
and relapse, show a rearranged band at 13 kb. This rear- 
ranged band is only present in PBLs at relapse (Fig 1). 

No patient demonstrated clonal 6-TCR gene rearrange- 
ments in the PBL or plasma cell preparations. 


DISCUSSION 


The aim of the present study was to investigate whether 
significant numbers of peripheral blood lymphocytes are part 
of the malignant clone in multiple myeloma. The detection of 
clonal Ig and TCR gene rearrangements has been used to 
demonstrate the clonal origin of other B and T cell—derived 
tumors.** We have used these same gene probes to demon- 
strate that clonal antibody gene rearangements but not TCR 
gene rearrangements occur in the PBLs of most patients with 
multiple myeloma. These results indicate that peripheral 
blood B lymphocytes but not T lymphocytes are part of the 
malignant clone in multiple myeloma. 

‘These data confirm the work of other investigators who 
demonstrated peripheral blood monoclonal B cells by either 
abnormal surface membrane «/d light-chain ratios or posi- 
tive surface immunofluorescence with antiidiotypic re- 
agents.7°+* However, these results contradict those of 
Pilarski et al,? King and Wells,’ and Gobbi et al® who failed 
to find monoclonal B lymphocytes in the peripheral blood of 
myeloma patients. Pilarski et al’ studied only three patients 
in remission and used antiidiotypic reagents. In our study, we 
only studied patients with active disease. It is interesting to 
note that the patient with the lowest tumor burden at 
diagnosis (patient no. 6) only demonstrated involvement in 
the peripheral blood after the development of clinical relapse 
with a marked increase in tumor burden. King and Wells’ 
studied two patients with active myeloma but with fairly 
small serum M spikes and two patients in clinical remission. 


Table 1. Clinical Characteristics and Southern Blot Analysis 


Antibody Genos in PALS 
pee chain B-TCR Genes in PBLs 
Patient No. isotype Constant Region Jy Light Chain and Plasma Celis 

1 Gx R R R ND 
2 Gx ND ND R G 
3 Gx R R R G 
4 Gx ND R R G 
5 Gr ND R R G 
8 Gx 

At diagnosis G G G G 

At relapse R R R G 
7 AÀ ND ND R ND 
B* AX G G G ND 
ge GA ND G -ND G 


Abbreviations: R, rearranged DNA identical to bone marrow plasma cells; G, gaermiine or unrearranged DNA; ND, not done. 
*Both these patients demonstrated antibody gene rearrangements in marrow plasma calls. 
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Fig 1. PBL and plasma ceil DNA blot hybridization with iguJ,, 
probe in patient no. 6. All lanes were loaded with a total of 10 ug of 
BamHi-digested DNA from PBLs, plasma cells, or granulocytes. S, 
concatemerized plasmid DNA (monomeric length, 2.3 kb) used as a 
molecular size standard; G, granulocyte DNA, a germline control: 
P, bone marrow plasma cell DNA; L, PBL DNA; DX, at diagnosis: 
REL, at relapse; J, germline J, band; R, rearranged J, band. 


These investigators used a rosette assay to detect idiotype- 
bearing cells after vigorous washing and failed to demon- 
strated PBLs bearing an endogenous idiotype when using 
this technique. This negative result may also reflect the low 
tumor burden of their patients and the insensitivity of this 
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assay. Gobbi et alf used pokeweed mitogen—stimulated 
peripheral blood lymphocytes from multiple myeloma 
patients to demonstrate the polycionality of these cells by 
using «/A ratios. However, a small but significant number of 
monoclonal cells may not be detected by this technique. It is 
also possible that the malignant PBLs may not respond to 
mitogenic stimulation. In contrast to the aforementioned 
techniques, Southern blot analysis is exceptionally sensitive. 
Most investigators estimate that as low as a 1% involvement 
of a cell mixture can be identified by this technique.” 

in our study, we have not shown clonal TCR gene rearran- 
gements in any of our patients. These results would suggest 
that clonal T cells do not exist in multiple myeloma as has 
been reported by other workers. However, these investiga- 
tors used antiidiotypic antisera to demonstrate T cell involve- 
ment in a single patient with myeloma. It is well known that 
there is marked expansion of T cells that bear Fe receptors 
for the idiotype,” and these “clonal” T cells were probably 
T cells with idiotype bound to their Fe receptors. 

The common acute lymphoblastic leukemia antigen 
(CALLA) has been demonstrated on the surface of bone 
marrow cells in patients with myeloma.’ Because CALLA 
is normally thought to be present on B lymphoid cells during 
early stages of differentiation, these data suggest an onco- 
genic event in myeloma occurring in similar early precursor 
cells. The presence of pre-B lymphoid cells that express 
homologous idiotype in two patients with IgA myeloma” also 
supports this notion. We are presently using antibody gene 
analysis to determine whether earlier stages in B cell differ- 
entiation have clonal expansion of cells. 
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Correlation of Chromosome Abnormalities With Histologic and Immunologic 
Characteristics in Non-Hodgkin’s Lymphoma and Adult 
T Cell Leukemia-Lymphoma 


By the Fifth International Workshop on Chromosomes in Leukemia-Lymphoma 


To correlate cytogenetic findings with histology and 
immunophenotype, 260 newly diagnosed patients with 
non-Hodgkin's lymphoma (NHL) and 31 with adult T cell 
leukemia/lymphoma (ATL) were studied at the Fifth Inter- 
national Workshop on Chromosomes in Leukemia-Lympho- 
ma. Clonal chromosome abnormalities were found in 85% 
of cases of NHL and in all cases of ATL. The most 
significant associations of histology with cytogenetics 
involved the 8q24 and 14;18 translocations. Of 23 NHL 
patients with an 8q24 translocation, 20 (87%) had small 
noncleaved cell (SNC) lymphoma. Of 57 NHL patients with 
a t(14;18)(q32:q21), 37 (65%) had a follicular lymphoma, 
and at least 13 others (23%) had a diffuse lymphoma of 
follicular center cell origin. Five others including two who 
also had an 8q24 translocation had SNC lymphoma; tumors 
in these patients lacked the monomorphic features seen in 
those with only an 8q24 translocation. The most striking 
associations of immunology with cytogenetics involved 
rearrangements of 14q11-13, abnormalities cf 1p, trisomy 
3, and trisomy 12. Abnormalities of 14q11-13 were corre- 
lated with T cell disease. Among 138 NHL and 24 ATL cases 


Dp ON CHROMOSOME ABNORMALITIES in 
non-Hodgkin’s malignant lymphoma (NHL) are accu- 
mulating rapidly, and some of them have been correlated 
with specific histological and immunologic phenotypes.'? 
However the varying histologic classifications used in dif- 
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that lacked involvement of 8q24, t(14;18), or rearrange- 
ments of 14q11-13, abnormalities of 1p and trisomy 3 were 
significantly associated with the T cell phenotype (P < .01) 
and trisomy 12 with the B cell phenotype (P < .01}. No 
karyotype difference was found between Japanese ATL 
and non-Japanese T cell lymphomas except that +3 
occurred more often in the former (P = .06). Although the 
8q24 translocations in 23 patients were distributed rela- 
tively equally among geographic regions (United States, 
ten; Europe, ten; Japar, three), the t(14;18) in 57 patients 
was much less frequently seen in Japan than in the other 
parts of the world (United States, 31; Europe, 21; Australia, 
four; Japan, one). Thirty-nine chromosome bands had 
breaks in five or more cases; a number of protooncogenes 
and genes related to lymphocyte function located in these 
bands are likely to be involved in the development of 
lymphoma. Thus, besides confirming the close association 
of particular chromosome abnormalities with histology. we 
have identified a number of new associations that merit 
molecular analysis. 

© 1987 by Grune & Stratton, Inc. 


ferent institutions have posed a serious problem in correlat- 
ing specific abnormalities with histology. Moreover, the 
complicated chromosome abnormalities often observed in 
lymphoma have sometimes resulted in different interpreta- 
tions of the same abnormality. Finally, possible geographic 
or racial differences in the incidence of various chromosome 
abnormalities have prevented previous studies by single 
institutions from showing the whole spectrum of the chromo- 
some patterns in lymphoma. 

Although all preceding Workshops on Chromosomes in 
Leukemia had dealt with the correlation between the chro- 
mosome pattern and clinical features in leukemia,'°" the 
Fifth Workshop (see Appendix 1) considered the chromo- 
some abnormalities present in NHL and in adult T cell 
leukemia-lymphoma (ATL) prevalent in southern Japan.'4 
This report describes correlations between chromosome 
abnormalities and the histological and immunologic aspects 
of lymphoma. Only cases with cytogenetic and histologic 
studies on the same tumor tissue obtained before any anti- 
neoplastic therapy were accepted. 

Analysis of the workshop data not only confirmed the 
importance of certain specific chromosome abnormalities 
such as the 8q24 translocations and the translocation 
between 14 and 18 but also indicated the morphological 
spectrum of cells with such abnormalities by using the 
working formulation (WF)."° The data confirmed the signifi- 
cance of the abnormalities in the proximal long arm of 
chromosome 14 in T cell lymphomas including ATL and 
trisomy 12 in B cell lymphomas. Furthermore, this analysis 
provided further evidence for the involvement of the short 
arm of chromosome | and trisomy 2 in T cell lymphomas. A 
number of recurring chromosome breakpoints involved the 
location of known protooncogenes or lymphocyte-specific 
genes; others were founc in bands not presently associated 


Blood, Vol 70, No 5 (November), 1987: pp 1554-1564 


WORKSHOP REPORT ON CHROMOSOMES IN LYMPHOMA 


with such genes and thus identified other regions that may be 
important in the genesis of specific lymphomas. 


MATERIALS AND METHODS 


Cases of NHL with banded chromosome analysis on lymph node 
or other tumor tissue performed before therapy and before the end of 
1983 were collected before the workshop. Karyotypes and histology 
slides on each case were submitted along with detailed clinical data. 
Cases with ATL were collected from some Japanese centers; for 
ATL, patients with chromosome studies only on blood or bone 
marrow were accepted if they were positive for anti-ATL-associated 
antigen (ATLA) antibody. 

The submitted karyotypes were initially reviewed at the workshop 
headquarters in the Saitama Cancer Center (The karyotypes were 
reviewed at the headquarters before the workshop by R. Abe, Y. 
Kaneko, N. Maseki, M. Sakurai, J. Takeuchi), and again by the 
preworkshop karyotype review committee (R. Abe, S. Abe, G. 
Alimena, D.C. Arthur, R. Berger, O.M. Garson, A. Hagemeijer, 
D.K. Hossfeld, Y. Kaneko, and F. Mitelman), which finalized the 
interpretations. Karyotypes were designated according to the ISCN 
(international System for Human Cytogenetic Nomenclature), 
1978.'° Clonality of the abnormalities was determined by using 
criteria of the First Workshop.'® All clinical, pathological, and 
cytogenetic data were computerized, and processed data were made 
available for the workshop. 

The histology slides, usually accompanied by slides of cytology, 
were reviewed individually by five hematopathologists (C. Berard, 
G. Frizzera, M. Kikuchi, K. Nanba, and T. Suchi) who then met 
before the workshop and finalized the diagnosis according to the WF 
(Table 1). For this workshop, diffuse lymphomas with medium- 
sized cells exhibiting nuclear polymorphism were also included in 
category E, ie, malignant lymphoma (ML), diffuse, small cleaved 
cell (DSC). Category J, ML, smali noncleaved cell (SNC), was 
divided into three subcategories, ie, Burkitt, non-Burkitt polymor- 
phic, and not otherwise specified (NOS). The results of the patho- 
logical analysis have been reported elsewhere in detail.” For ATL, 
only cases for which histology slides from tumor tissue were submit- 
ted were included within the NHL group; ATL cases for which only 
bone marrow and/or blood smears were available were considered 
separately. 

Each institution studied the immunologic phenotype of lymphoma 
cells according to its usual procedure, using cell suspensions and/or 
tissue sections. Sheep erythrocyte rosette formation and surface 
immunoglobulin determination were generally applied. The mono- 
clonal antibodies used varied among institutions, but the Leu or 
OKT series were commonly used to identify T cells and Bl, B2, 
BA-1, and BA-2 to identify B cells. 


Tabie 1. A Working Formulation of NHL for Clinical Usage 


A. Small lymphocytic (SL) G. Diffuse large {DL} 

B. Follicular small cleaved (FSC) H. tmmunoblastic {IBL} 

C, Follicular mixed (FM) 1. Lymphoblastic (LBL) 

D. Follicular large (FL.) J. Smali noncleaved (SNC) + 

E. Diffuse small cleaved (DSC)* K. Miscellaneous (MISC) 
F 


. Diffuse mixed (DM) 


“htetanhnete hArainn aA ARAN RE HARON AAAA HITHER RLARIMARE RRRRALRAL aa AA rer 


*For the workshop, diffuse lymphoma with medium-sized cells exhib- 
iting nuclear polymorphism were included in this category. 

¢+This category was subdivided into monomorphic (Burkitt's), poly- 
morphic (non-Burkitt’s), or NOS. 

this category includes composite, mycosis fungoides, histiocytic, 
and extramedullary plasmacytoma. 

Data from Non-Hodgkin's Lymphoma Pathologic Classification Pro- 
je ot. 


1555 


Statistical analysis was made by the chi-square or Fisher's exact 
test. 


RESULTS 


Two hundred sixty adequately studied cases of NHL were 
accepted for analysis. There were 149 males and lll 
females, including 202 whites, seven blacks, and 51 Orien- 
tals. The ages ranged between | and 86 (median, 56 years). 
In addition, 31 Japanese (Three ATL cases submitted from 
Kochi, Japan, by Y. Shiraishi are included in the study) 
patients (21 males and ten females: ages, 29 to 76; median, 
54) with ATL whose karyotypes were analyzed from blood 
were also accepted. Because of the short observation period 
(a median follow-up of 9 months), data on survival are not 
included in this report. 


Correlation of Karyotype With Histologic and 
Immunologic Features in NHL and ATL 


Modal chromosome number. Two hundred twenty-two 
(85%) of the 260 patients with NHL and all 31 patients with 
ATL had clonal chromosome abnormalities. Thus, 38 (15%) 
of the NHL cases had a normal karyotype in cells obtained 
from the tumors. Modal chromosome numbers of the lym- 
phomas by histologic category are shown in Table 2. Among 
253 NHL and ATL cases with abnormalities, 92 (36%) had 
a modal chromosome number of 46. The second most 
frequent modal number was 47 (61 cases), followed by 48 
(31 cases), 49 (16 cases), and 50 (nine cases). Only 13 
patients had a modal number between 41 and 61, and ten had 
a polyploid mode. There were only 21 hypodiploid cases, of 
which 18 had a modal number of 45. Among the cases with 
abnormalities, a modal number of 46 was most frequent in 
SNC (68%), LBL (50%), DSC (57%), and FSC (80%) 
lymphomas. However, higher modal numbers (47 to 50 
chromosomes) were seen in FM (60%), FL (67%), DM 
(59%), DL (51%), and IBL (54%) histologic groups. Tumors 
that showed only a normal karyotype were distributed among 
virtually all histological subtypes, but they were most fre- 
quent in FSC (28%), DSC (30%), DM (28%), and LBL 
(38%) lymphomas. 

Number of abnormal clones. Table 2 also lists the 
number of abnormal clones observed by histologic subtype. A 
single abnormal clone was detected in 207 of the 253 
abnormal cases (82%); thus only a single stemline was 
observed in these tumors.'® Forty cases showed two clones; 
except for three cases, the clones were clearly related because 
they had common cytogenetic changes and the more abnor- 
mal clone represented further karyotypic evolution. These 
tumors therefore had a stemline with one sideline.” Of the 
six tumors that had more than two clones detected, five had 
some common cytogenetic changes, whereas the other had 
one clone that lacked changes related to the other clones. 
Thus for the whole group, there were only four tumors that 
showed two or more unrelated clones. 

Abnormalities in 8q24. Twenty-three (8.8%) of the 
NHL cases and one of the ATL cases had a translocation 
involving band 8g24 (Table 3}. There were 17 patients with 
t(8:14)(q24:q32), two with t(2;8)(p] 1:q24), and two with 
t(8;22)(q24:q11). In addition to the 21] patients with 8q24 
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Table 2. A Summary of the Modal Chromosome Number and the Numbers of Clones by the Histological Category of NHL and ATL 





Histological Group According to the International WF 





No. of Cases No. of Cases 
SL FSC FM FL. DSC DM DL IBL LBL SNC MISC With Lymphorna With ATL. 

Modal number of the simplest abnormal clone} 

<45 1 1 1 5 3 4 2 1 18 3 

46a 8 9 9 1 4 7 4 8 5 21 2 78 13 

47-50 8 8 18 4 2 16 18 20 1 7 102 15 

>51 1 1 1 2 4 3 1 13 

Polyploid 2 1 1 4 2 10 

Abnormal Total 18 18 30 6 7 27 36 37 10 31 3 222 31 

46n 3 7 3 3 9 1 5 6 1 38 

Total 21 25 33 6 10 36 36 42 16 32 3 260 31 
No. of abnormal clones 

1 12 12 23 4 6 26 30 3] 7 26 3 180 27 

2 6 6 6* 1 1 4 6+ 3 5 37 3 

3oar4 1 1+ 1 1 5 1 


*Two patients had two unrelated clones. 
One patient had two unrelated clones. 


tModal number, 46a; 46n, 46 chromosomes with an abnormal karyotype; 46 normal. 


abnormalities involving one of the three chromosomal bands 
in which immunoglobulin genes are located (ie, 14q32, 2p12 
and 22q11),’* two patients had a translocation involving 
8q24 and another chromosomal band. One patient 
had —8,+der(8)t(8;?)(q24;?), and the other had 
t(8;11}(q24;q13); these two cases also had a t(14;18). One 
ATL case had t(8;10)(q24;q22). 


Five of the 17 patients with t(8;14)(q24;q32) had this 
translocation as the only chromosome abnormality, and two 
others had either only a t(2;8) or a t(8;22) translocation 
(Table 4); thus 14 of 2] with standard or variant 8q24 
translocations had additional chromosome abnormalities 
(Table 5). The most common additional change was duplica- 
tion of part of 1q, always including 1q21-32, which was seen 


Table 3. Correlations Between Specific Chromosome Abnormalities and Various Histological Groups In the WF of NHL and ATL 


Histological Group According to the International VWF * 


Karyotype SL FSC FM A DSC DM DOL 
8q24 translocations 

t(8; 14) 1 1 

t(2;8) 

t{8;22) 

Other 
(14; 18) 1 16¢ 194 3 2 2 7 
14411-13 abnormalities 1 1 

-+3 1 2# 1** 6# 
+12 4 1  2§§ 1# 1# silt 
Others * * * 12 1 10 3 4 19 20 
Normal 3 7 3 3 9 1 
Total 21 25 33 6 10 36 38 


*For an explanation of the groups, see Table 1. 


IBL 


1 


2 

2 

2# 

3 
28 

5 


42 


Immunologic Phenotype 
No. of Cases No. of Cases 1Y™Phome and ATL) 
LBL SNC MISC With Lymphoma With ATL B Call T Cell 
14+ 17 12+ O 
2 2 
2 2 
2+ 2+ 1§ 2+ + (1) 
5f 1 57f 3741 2 
2 6 6 (0) 10ł (5) 
14t¢t 8 
2#T1 22## 
8 8 2 116 16 53 43 (23) 
6 1 38 10 7 
16 32 3  260+++ 31 112t¢¢¢ 63 (29) 


+Chromosome abnormalities were significantly correlated with histological category or immunophenotype (P < .01). 
$t(8; 1 1}(q24:q13) and — 8, + dar(8)}t(8;?7)}(q24;?), respectively, which are both accompanied by a t(14; 18)(q32;q2 1) 


§t(8: 10)(q24;q22). 

| Numbers in parentheses indicate cases with ATL. 

{Includes two cases with atypical 8q24 translocations (see t). 
# Includes one case with t(14;18). 

**includes one case with 14411-13 abnormality. 


ttincludes three cases with t(14;18) and one with 14q11-13 abnormality. 


§§inciudes two cases with t(14;18). 


į [includes one case with t(14;18) and another with +3 and t(14;18). 


Tiincludes one case with 8q24 translocation. 
## includes seven cases with t(14;18) and two with t(8; 14). 
***Further detañs of these cases are given in Tables 5-9. 


+{++Fifteen cases with two or more chromosome abnormalities listed in the left column were counted only once. 
+++The total is less than the simple addition of figures above because two cases with atypical 8q24 translocations} and a t(14; 18) are counted only 


once. 


WORKSHOP REPORT ON CHROMOSOMES IN LYMPHOMA 


Table 4. Thirty-one Cases With a Single 
Chromosome Abnormality 


Abnormafty Morphology * Immunophenotype 
t(8; 14}{q24;q32) J. SNC, NOS Bi 
J. SNC, NOS Bi 
J. SNC, Burkitt Bk 
J. SNC, Burkitt BI 
J. SNC, Burkitt ND 
t(8;22)(q24;q11) J. SNC, Burkitt ND 
t(2:8)(p 1 1:q24) J. SNC, NOS ND 
(14; 18}(q32;q2 1) B, FSC Bi 
B, FSC Bk 
C. FM other 
E. DSC Bk 
E. DSC N] 
+3 F. DM T 
F.DM T 
ATL T 
+12 A. SL BI 
A. SL Bk 
dei{6){p23) F. DM T 
inv ins(8){p23421q13) ATL T 
del(6)(q23) K. MISC T 
del(6)(q23q26) A. SL Bk 
del{16){q22) F. DM NI 
del(11)(q14q23) A. SL BI 
del(14)}{q24) A. SL BI 
Inv 14}(q1 1q32) l. LBL T 
+5 F. DM T 
+18 A. SL Bk 
t(8;20)(q13:q1 1) A. SL NI 
t(9;2 1}p24;q21} ATL ND 
dei(&)(p 13) ATL T 
—Y H. IBL T 


Abbreviations: Bk, B cell x light chain; B1, B cell À light chain; NI, not 
interpretable; ND, not determined. 
*For an explanation of histology, see Table 1. 


in four patients. There were two patients with +12 and one 
each with —X, +7, a partial deletion of either 6q or 9p, or an 
unidentified chromosome segment attached to band 1p36. 

Of the 23 NHL cases with an 8q24 translocation, 20 
(87%) had SNC lymphoma; 11 (55%) of these 20 had SNC, 
monomorphic (Burkitt) including one with t(8;11)(q24;q13); 
eight (40%) had SNC, NOS; and one patient with 
—8,+der(8)t(8;?)(q24;?) had SNC, polymorphic (non-Bur- 
kitt). One patient each with a t(8;14) exhibited DL, IBL, or 
FSC lymphoma; thus the 8q24 translocations were signifi- 
cantly associated with SNC histologies (P < .01). Seven 
cases with an 8q24 translocation as the sole abnormality 
showed an SNC morphology. Immunologic phenotyping 
were available for 15 cases; all except one ATL case were B 
cell (Table 3). 

14;18 translocation. Fifty-seven (21.9%) NHL cases 
had a t(14;18)(q32;q21), the most common abnormality 
found in the workshop (Table 3). Five cases had only the 
translocation (Table 4), whereas 52 (91%) had additional 
abnormalities (Table 5). The common numerical chromo- 
some changes were +7 (seen in 15 patients), +X (eleven 
patients), +12 (seven patients), +21 (six patients), and a 
missing sex chromosome (in eight patients). Two patients 
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Tabie 5. Additional Chromosome Abnormalities in the 
Karyotypes With 8q24 or 14:18 Translocations 
Cases With 
(8q24) t(14; 18) 
Abnormality {n = 21#} {n = 67} 
+7 o —7,+i(7q) 1 18t 
+X 0 T1t 
6q— or —6,+i(6p) 1 9 
+12 2 7 
+21 0 6 
+ 1B 4— 0 6 
dup(1q) or — 1,-+-i(1q) 4 1+ 


Abbreviations: I(7q), isochromosome of 7q; 6q—, del{6)(q15 or 21 or 


. 23); i(6p), isochromosome of 6p; +18q—, +der(18)t(14;18) 


(q32;q2 1); dup(1q), partial trisomy of 1q. 

*Includes 17 cases with t(8; 14), two cases with t(2;8), and two cases 
with t(8;22). 

{The difference in frequency in t(8q24) compared with t(14;18) was 
significant, P < .05. 


had a +7, and two others had a +12 as the only changes; one 
other had both a +7 and a +12 without other additional 
changes. Of the 28 males with a t(14;18), nine had numerical 
sex chromosome abnormalities (+X in five, a mosaicism of 
+X/+Y in one, —Y in three); of the 29 females, 12 had 
numerical sex chromosome abnormalities (+X in five, —X 
in seven). Thus, an extra X was seen with equal frequency in 
both sexes, whereas an extra Y was rare. The loss of an X in 
females was more frequent than loss of a Y in males. Among 
the structural changes, an extra derivative 18q— chromo- 
some consisting of most of chromosome 18 and the terminal 
segment of chromosome 14 was seen in six patients; this 
chromosome appeared to be a duplication of the 18q— 
chromosome. A partial deletion of 6q was seen in six patients; 
a partial deletion of 4p was seen in four; and an isochromo- 
some of 6p or 7q or a Ip+ chromosome consisting of 
chromosome | with an unknown segment attached to band 
1p36 each were noted in three patients. No patient had a 
duplication of 1q. 

In general, additional abnormalities were more common in 
patients with a t(14;18) than with a t(8;14). Thus the 
frequency of trisomy 7 or isochromosome 7q and of trisomy 
X was significantly higher in the former than in the latter 
patients (P < .05). The exception was the 1q duplication, 
which was only seen in t(8;14) patients (P < .05). 

Cases with the 14;18 translocation were significantly more 
frequently (P < .01) FSC (26%) and follicular, mixed, small 
cleaved and large cell (FM) (33%) lymphomas. Except for 
seven diffuse lymphoma cases in which the origin of the 
lymphoma cells was not specified, all others with this translo- 
cation were of follicular center cell origin. Of the five cases 
with no additional abnormalities, two had FSC, one had FM, 
and the other two had DSC lymphomas. Thus, cases with a 
simple t(14;18) were not invariably accompanied by a folli- 
cular histologic pattern. 

Most cases (37 of 39, 95%) with a t(14;18) for which 
immunophenotyping data were available were B cell, but two 
(5%) were T cell (Table 3). One patient with a T cell 
phenotype had an FM lymphoma, and the other had an IBL 
lymphoma. 


1558 


Abnormalities of 14q11-13. Six (2.3%) NHL cases and 
six (19%) ATL cases had abnormalities involving the proxi- 
mal portion of 14q, ie, 14qi 1-13 (Table 6). Of these 12 
cases, four had an inv(1!4)(qilqg32), and one had a 
t(14;14)(q11;q32); both abnormalities showed the same 
breakpoints. Two patients had a del(14)(q11) as well as a 
partial deletion of the other 14q involving either bands 14q1 1 
to q13 or 14q13 to q24. Five other patients had balanced or 
unbalanced translocations involving 14q11 or 13 and other 
chromosomes. Only one of the 12 patients with a 14q11-13 
abnormality had an inv(14) as the sole abnormality. 

Eleven patients had additional chromosome abnormali- 
ties; among the numerical abnormalities, +8, +15, +21, 
and -X were seen in two patients each and +2, +3, +9, 
+11, +16, and +19 in one each. The only recurring 
structural change was a Ip-+ chromosome with an unknown 
chromosome segment attached to band 1p36 in three 
patients. 

Five of the six NHL patients with abnormalities involving 
14411-13 had T cell-specific morphologies, ie, LBL, convo- 
luted cell (two patients), diffuse medium-sized cell lym- 
phoma with nuclear polymorphism, DM, or IBL, polymor- 
phous (one patient each). The sixth patient had IBL. The 
14qi 1-13 abnormality was not seen in FSC lymphoma. All 
cases with a 14q1 1-13 abnormality for which the immuno- 
logic data were available showed a T cell phenotype. 

Trisomy 3. Of the 260 cases with NHL, 14 (5.3%) had a 
+3 (Table 3). In two it was the only abnormality (Table 4), 
and in a third case one clone had only +3 whereas other 
clones had +3 and additional abnormalities. In addition to a 
+3, three also had a t(14;18), one had a 14q11-13 transloca- 
tion, and the other eight had various other abnormalities. 
Fight cases with ATL also had a +3, in one as a sole 
abnormality. None of the other seven had 14q11-13 abnor- 
malities. 

The three NHL cases with a +3 as the sole abnormality 
had a DM lymphoma. Three of the eight cases having a +3 
but none of the three common chromosome abnormalities 
(8q24, t(14;18), and 14q1 1-13 abnormalities) also had a DM 
lymphoma. Thus, cases with +3 primarily had DM lym- 
phoma (P < .05). Three cases with +3 and a t(14:18) had 
FM, DM, or IBL lymphoma, and another case with a +3 
and an inv(i4)(qilq32) had a diffuse medium-sized cell 
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lymphoma with nuclear polymorphism. Excluding the four 
cases of +3 with a t(14;18) or a 14q1 1-13 abnormality, 11 
NHL and ATL cases had a T cell phenotype, and only two 
NHL cases had a B cell phenotype. Thus, +3 cases were 
found significantly more often with a T cell than a B cell 
phenotype (P < .01) (Fable 7). 

Trisomy 12. Twenty-two (8%) of the NHL cases had a 
+12 (Table 3). Two hada +12 as a single abnormality, and 
another patient had one clone consisting of only a +12 anda 
related clone with an additional abnormality. Twenty of 
these 22 (91%) had other structural and/or numerical abnor- 
malities. Thus, seven had a t(14:18)(q32:q21), and two hada 
t(8;14)(q24:q32); none had a 14q1 1-13 abnormality. 

The three cases with only a +12 showed SL morphology, 
and eight of the 22 cases had DL lymphoma. Thus, there was 
some association of +12 with the SL and DL categories of 
NHL. None of the cases with ATL or lymphomas histologi- 
cally categorized as T cell lymphoma had a + 12. Lymphoma 
cells of all 13 cases having +12 for which immunologic data 
were available showed a B cell phenotype. 

Abnormalities of Ip. Twenty-eight NHL and six ATL 
cases had abnormalities of chromosome Ip. Of the NHL 
cases, one had a t(8;14), seven had a t(14:18), two had a 
l4qt 1-13 abnormality, and 18 had other abnormalities (Ta- 
ble 7). Two of the ATL cases had a 14q11-13 abnormality. 
Of the 34 NHL and ATL cases, the breakpoint occurred in 
1 p36 in 17, in 1p34 in four, in 1p31-32 in seven, and between 
lp22 and Ip11 in six. Thus, the breaks clustered in 1p31-36. 
Among the 34 cases, the other involved chromosome was 
identified in only one case with a complex rearrangement. 
The most frequent change was a translocation of an unknown 
chromosome segment to 1 p36. 

Eighteen cases had a Ip abnormality without the three 
common abnormalities. Fourteen had a diffuse lymphoma, 
most commonly [BL (seven patients), but the association was 
not statistically significant. Where immunologic data were 
available, seven of the NHL cases and all ATL cases showed 
a T cell phenotype; only three of the NHL cases showed a B 
cell phenotype. Thus, a 1p abnormality significantly more 
frequently had a T cell rather than a B cell phenotype 
(P < .O1) (Table 7). 

Other abnormalities of 14432. In NHL, 14q32 translo- 
cations involving a chromosome band other than 8q24, 


Table 6. Cases With 14g11-13 Abnormalities 
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Center Age Sex Race 1441 1-13 Abnormality Morphalogy* immunophenotype Ant-ATLA Antibody 
Rochester 54 M W t(1; 14)(q23:q1 1), + der{14)1(1:14) F. DM T ND 
Minneapolis 10 F W inv(14}(q11q32) L LBL y ND 
Rotterdam 18 M W t(11:14)(p 14-q13) 1. LBL T ND 
Saitama 33 F O der({?)}t(14:7}(q11;2) H. IBL ND ND 
Nagasaki 50 F O + der(14)t(14;7}q13:?) H. IBL T + 

48 F 0 invi14)}(q11g32) E. DSC T + 
68 F O del(14)(q11},del(14)(q11q13} ATL T + 
56 M Q t(14;14}q1 1:q32), + del(14}iq1 1q13) ATL F + 
62 F O del(14){q1 1} del{14){(q13q24) ATL f + 
Kochi 56 F O inv{ 14}iqt 1q32) ATL T + 
Okayama 36 M 0 inv(14qi2q32) ATL ND 4 
50 M (8) t(74)t(14:7Mqt 1:7) ATL T + 


“For explanation of the histologic groups, see Table 1. 
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Table 7. Correlation Between Chromosome Abnormalities and 
Immunologic Phenotypes of NHL and ATL in Patients Lacking the 
8q24, t(14;18), or 14q11-13 Abnormalities 


Immunotogic 
Phenotype 
Location No. of Cases No. of Cases _LYmPhoma and ATL) 

of Abnormality* With Lymphoma Whith ATL B call T Call 

1p 18 4 3 11+ 
1q 27 4 12 6 
2p 14 2 4 4 
2q 13 4 3 6 
3q 20 3 10 5 

+3 10 8 2 11+ 
6q 32 9 14 15 
7q 14 4 7 5 
+7 16 1 8 2 
11q 22 2 13 3 
12p 11 1 4 4 
+12 13 O 8+ 9) 
13q 10 3 5 3 
14932 38 5 12 12 
17q 12 1 4 4 
+18 17 o 8 1 
+X 17 o 8 2 
No. of Patients 138 24 53 43 


*Only numerical changes or locations of structural abnormahties 
(deletions, translocations, derivative chromosomes) that were present in 
more than eight evaluable cases. 

tSignificantty correlated with the immunologic phenotype at the .01 
level. 


18q21, or 14q11-13 were found in 38 cases (Table 7); the 
translocation partner was known in only six of them, and they 
were all different (1q25, 2p21, 2p15, 8q22, 11p11, and 
11q13). Five ATL cases had a 14q32 translocation; three had 
a der(14)t(14;?)(q32;?), and the other two had either a 
t(5;14)(q22;q32) or a t(10;14)(q21;q32). 

These 38 cases were randomly distributed among all 
histologic categories. Of the 19 NHL cases with the 14q32 
translocation and immunologic data, 12 showed a B cell and 
seven a T cell phenotype. 

Abnormalities 6főq. Forty-three (17%) of the 260 cases 
with NHL had a deletion of the long arm of chromosome 6, 


either a del(6q) (37 cases) or an isochromosome of 6p, i(6p), - 


which leads to loss of the entire long arm (six cases). The 
deletion was thought to be terminal in 26 cases (involving 
two different deletions in one case), interstitial in eight, both 
in one, and undefined in two cases. The distinction between 
the loss of all of the chromosome distal to the breakpoint 
(terminal deletion) and loss of some intervening segment 
with unequivocal! retention of the telomeric portion (intersti- 
tial deletion) may be unclear. Although molecular analysis of 
other chromosome deletions, eg, del(Sq) and del(20q), has 
often shown them to be interstitial, in this report, deletions 
without a definite q terminal region were classified as 
terminal. Two cases had a del(6)(q23) or a del(6)(q23q25) 
as the single abnormality (Table 4), and 41 (95%) had other 
numerical and/or structural abnormalities including a 
t(14;18) (eight cases), an 8q24 translocation (one case), and 
a 14q11-13 abnormality (one case). The breakpoint was 
6q11-14 in five cases, 6q15 in 11, 6q21 in 14, 6q23 in 10, 
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6q24 in one, and 6q25 in five. No common chromosome 
segments were deleted. Deletion of 6q was also seen in seven 
cases with ATL, four interstitial and three terminal. The 
breakpoint was 6q15 in four cases, 6q21 in four, 6q23 in one, 
6q25 in two. Six of the seven cases had lost a part of band 
6q21. . 

The pathological diagnoses of the lymphomas having a 
del(6q) or an i(6p) included all categories of the WF except 
DSC. Only seven of the 43 were diagnosed as follicular 
lymphoma. No significant correlations were noted between 
the breakpoint or the size of the deleted segment of 6q and 
the histologic or immunologic type of NHL. 

Other chromosome abnormalities. Thirty-one (12%) 
NHL and two ATL cases were found to have abnormalities 
of the long arm of chromosome 11. Only one of the NHL 
cases had an 11q abnormality, which was a del(11)(q14q23), 
without other changes. Five NHL cases also had a t(14;18), 
and one had a t(14;18) and an 8q24 translocation involving 
11q13; none of them had a 14q11-13 abnormality. The 11q 
abnormalities seen in NHL included balanced translocations 
(five), unbalanced translocations (13), terminal deletions 
(six), interstitial deletions (five), an undefined deletion 
(one), and an isochromosome of 11q (one). Three of the five 
reciprocal translocations had a break in 11q11-13, and the 
other two had 11q21 and 11q23 breakpoints; the other 
chromosome involved was nos. 2, 3, 8, 9, and 19. Nine of the 
13 unbalanced translocations had a break in 11q23-25, and 
two each had a break in 11q11-13 or 11q14-22. Of 11 defined 
terminal and interstitial deletions, all had a break in 11q23- 
25, four also had a break in 11q14-22, and none had 
11q11-13 breaks. Thus in the great majority of deletions and 
unbalanced translocations (20/26) breakpoints clustered in 
11q23-25. All interstitial deletions included bands 11q21-23. 
The unbalanced translocations led to a terminal deletion of 
q25-qter in five cases, of q23-qter in three, and ql1-q15 in 
the remainder. Thus, nine cases with an unbalanced translo- 
cation and six with a terminal deletion lost the segment distal 
to either 11q23 or 11q25. Two ATL cases had either an 
unbalanced 11q25 translocation with an unknown donor or 
an 11q23 terminal deletion. 

There was no significant correlation between the type or 
extent of deletion and histology. One case with a DM 
lymphoma from an ATL endemic area of Japan and two 
cases with ATL showed a T cell phenotype; the other 14 
NHL cases (excluding those with the three common abnor- 
malities) with immunophenotyping data showed a B cell 
phenotype. 

Three NHL and one ATL case had a translocation or a 
deletion involving 7q35-36, a location where the T cell 8 
chain receptor gene has been mapped. One of the three NHL 
cases showed a T cell.phenotype, and the other two showed B 
cell or non-T, non-B phenotypes. Chromosome abnormalities 
involving 7p15, a location where the T cell y chain receptor 
gene has been assigned, were seen in two cases with NHL 
and one: with ATL. One of the two NHL cases showed a T 
cell phenotype, and immunophenotyping was not done in the 
other. Chromosome abnormalities involving a break in 6p23 
were seen in two NHL cases with T cell phenotype (DM and 
DL) and one ATL case; one other case with a deletion of 
6p22-24 had a B cell phenotype and SNC histology. 
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Twenty different abnormalities were seen as the only 
chromosome changes in 31 of the 291 NHL and ATL cases; 
ten of these have been described above. The karyotypic 
abnormalities as well as the histology and immunophenotype 
of these 31 cases are listed in Table 4. 

Cases with unrelated clones. Four patients had at least 
two apparently unrelated clones in their tumors. Two of these 
patients had one clone with a t(14;18)(q32;q21) plus other 
abnormal chromosomes (modal numbers 54 and 90), 
whereas the other clone had a simple abnormality, either 
—},+der(1)t(1:?)(q12;9) or —13,+der(13)t(13;7)(q22;?). 
Both patients had an FM lymphoma, but tmmunophenotyp- 
ing was uninterpretable. One other patient had four clones in 
his DM lymphoma; three of them had 47 or 48 chromosomes 
with a trisomy 3, but the fourth clone had an unrelated 
karyotype with 51 chromosomes without a +3. In this 
patient again, the immunophenotype was unknown. The last 
patient had hyperdiploid and tetraploid clones with no com- 
mon chromosome changes; the tumor was IBL lymphoma, 
polymorphous, with a T cell phenotype. 


Correlation of Histology and Immunology With Karyotype 


Tables 3 and 7 show the relationship between the chromo- 
some abnormalities and the histology and immunophenotype 
of the lymphomas. The largest number of NHL patients (42) 
had a large cell IBL type, and the smallest number (six) had 
an FL type. 

Karyotypes in SNC lymphomas. Of the 32 SNC lym- 
phomas, 15 were classified as NOS, 13 as monomorphic 
(Burkitt’s), and the other four as polymorphic (non- 
Burkitt's) (Table 3). In the first group, seven had an 8q24 
translocation, three had a t(14;18), one had both an 8q24 
translocation and a t(14;18), three had other abnormalities, 
and one had a normal karyotype. In the Burkitt’s group, 11 
had an 8q24 translocation, two had other abnormalities, but 
none had a t(14;18). In the third group, one had a t(14;18), 
and three had other abnormalities, but none had an 8q24 
translocation. While all five patients with a (14:18) (includ- 
ing two with both a t(14;18) and an 8q24 translocation) were 
more than 40 years old, those with an 8q24 translocation but 
no t(14;18) were generally young, with a median of 11 
years. 

Karyotypes in follicular (FSC, FM, and FL} lympho- 
mas. When all 64 patients with follicular lymphoma (FSC, 
FM, or FL) were considered, ten had a normal karyotype, 
and 37 (58%) had a t(14;18) (Table 3), Among the 17 
patients with chromosome abnormalities but without a 
t(14;18), one had a t(8;14)(q24:q32), and seven had 
~ 14,+der(14)t(14;?)(q32:?); thus, the latter tumors con- 
tained a 14q+ chromosome with an unidentified donor 
chromosome. Nine cases had various other chromosome 
abnormalities. 

Immunophenotypic data. One hundred fifteen cases had 
the immunologic phenotype of the lymphoma cells deter- 
mined only on tumor cells in suspension, eight only on tumor 
tissue sections, 84 on both, and four on unknown types of 
material. One hundred twelve cases were shown to be a B 
cell, 34 to be T cell, and eight to be non-T, non-B phenotype; 
the data were uninterpretable in 57 cases. In ATL, 29 
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patients had immunophenotyping on malignant cells in the 
blood, and all were proved to have a T cell phenotype. Thus, 
146 cases with lymphoma and 29 cases with ATL exhibited 
either B or T cell phenotypes; the association of the immuno- 
logic phenotype and specific chromosome changes have been 
described in detail in the preceding sections and are summa- 
rized in Tables 3 and 7. 

Lymphomas in patients under 20 years of age. Thirty- 
three (13%) of the 260 NHL patients were under 20 years of 
age. Of these, 15 had SNC lymphomas, 13 had LBL, three 
had IBL, and two had DL. Twelve of the 15 SNC patients 
had an 8q24 translocation, two had a 14q+ chromosome 
with an unknown chromosome segment at band 14q32, and 
one other had a normal karyotype. Nine of the 13 LBL 
patients had chromosome abnormalities, two with a |4q11- 
13 and three with 6q-abnormality; these abnormalities were 
also seen in T cell lymphomas of various histologies in adults. 
Four of the five patients with a 14qi 1-13 or 6q-abnormality 
showed a T cell phenotype. 


Geographic Differences in Karyotypic Features 


8q24 v 14,18 translocations. The geographic distribu- 
tion of the karyotypic pattern in NHL was examined; 
attention was focused on the two most frequent specific 
translocations (Table 8). Thus, of the 23 patients with an 
8q24 translocation, ten were American, ten European (both 
al] white), and three Japanese; the proportion of all patients 
in each geographic area was 10%, 10%, and 6%, respectively. 
Of the 57 patients with a t(14;18), 31 were American (one 
black), 21 were European, four were Australian, and only 
one was Japanese; the proportion of all patients in each 
geographic area was 32%, 21%, 31%, and only 2%, respec- 
tively. Thus, the 8:14 translocation showed an even racial or 
geographic distribution, but t(14;18) was more frequent in 
the United States and Europe (or whites) than in Japan (or 
Japanese) (P < .01). 

Japanese ATL v non-Japanese T cell lymphomas. The 
chromosome pattern of neoplastic cells from 38 patients with 
T cell lymphoma/leukemia in the ATL endemic area of 
Japan was compared with that from 21 patients with T cell 
lymphoma outside Japan, excluding the two patients with a 
{(14,18) and F cell phenotype. The Japanese patients 
included 31 ATL and seven others whose lymph nodes had a 
T cell phenotype. As shown in Table 9, 14g} 1-13 abnormali- 


Table 8. Correlation of Chromosome Abnormalities in NHL 
With Geographic Region 





Cases With NHL 


Chromosome Abnormality USA Europe Australia Japan Total 
8q24 translocations 10* 10* 3 23 
1(14:18) 31 21 4 1 57 
14q11-13 abnormalities 2 1 3 6 
Others 42 53 6 38 139 
Normal 12 16 3 6 37 
Total 96t 100+ 13 51 260ł 


*One case had an atypical 8q24 translocation and a t(14:18). 
t The total is less than the simple addition of the figures above because 
two cases with an 8q24 translocation also had a t(14:18). 
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Table 9. Chromosome Abnormalities In Japanese ATL 
and Non-Japanese T Cell Lymphomas 


Japanese Non-Japanese 
ATL* T Call Lymphomas 
Abnormality {n = 384) in = 274) 
14q71-13 8 3 
6q15-21 9 6 
14q32 7 3 
6p21-23 4 0 
1p32-36 6 4 
10q22-26 5 Ọ 
9p11-24 5 1 
+3 8 1 
$q11-13 6 0 


*The cases were submitted from Nagasaki, Kochi, and Okayama. All 
38 cases were submitted as having ATL from these centers, of which 
seven cases whose histology slides were also submitted were included in 
the 260 NHL cases and the others not accompanied by such slides were 
accepted as one of the 31 ATL cases. 

t Includes one case with a normal diploid tumor. 

tincludes four cases with a normal diploid tumor and excludes two 
cases with a (14:18) and T cell phenotype. 


ties were seen in eight Japanese patients and in three 
non-Japanese patients. Three of the former patients and one 
of the latter had an inv(14)(q11q32), and two of the former 
had a del(14)(q11) and/or a del(14)(q11q13). Deletions of 
6q having breakpoints in 6q15 or 6q21 were seen in nine 
Japanese and in six non-Japanese patients. Abnormalities of 
14q32 and Ip were seen equally in both groups of patients. 
The most striking difference was the frequency of +3 and of 
Sql 1-13 abnormalities. A +3 was seen in nine Japanese and 
in only one non-Japanese patient (P = .06), and 5q11-13 


1561 


abnormalities were found in six Japanese and in none of the 
non-Japanese patients (P = .06). 

Recurrent breakpoints. Thirty-nine chromosome bands 
were the sites of five or more independent breaks; the number 
of breaks is listed in Table 10. Some of these breakpoints 
were known locations of cellular oncogenes and of genes 
important in lymphocyte functions.'**4 The breakpoints clus- 
tered to regions such as 1p32-36, 6q13-25, and 11q13-25, 
each of which contains several protooncogenes; other break- 
points such as 14q32 and 14q11 are the sites of lymphocyte- 
related genes. 


DISCUSSION 


In this paper, we report results obtained at the Fifth 
International Workshop on Chromosomes in Leukemia- 
Lymphoma and focus specifically on the correlation between 
the chromosome abnormalities and the histologic diagnosis 
or the immunologic phenotype of the lymphomas. Although 
the study was retrospective and certain limitations existed, 
especially in the assessment of the incidence of various 
chromosome abnormalities, the centralized exhaustive 
review of the karyotypes and the consensus pathologic diag- 
nosis using slides submitted from the same tumor were 
unique to this workshop. The cytogenetic and pathologic 
data obtained from this very large number of lymphoma 


-cases appear to show a clear correlation between these two 


parameters, especially with regard to 8q24 translocations, 
t(14;18), and rearrangements of 14q11-13. In addition, cases 
with ATL submitted from a number of Japanese centers 
permit the comparison of the karyotypic features between 
this well-known endemic T cell disease and the T cell 
lymphomas seen in other parts of the world. 


Table 10. Breakpoints Observed in Patients With NHL and ATL and Location of Various Protooncogenes or Lymphocyte Function Genes 


No, of 
Breakpoint* Patients Genet 
1p36 15 FGR/SRC2 
1p34 5 LCK 
1p32 5 LMYC 
1q21 13 SK] 
1432 8 TRK 
1q42 8 
2p26 6 NMYC 
2p 11-12 5 IGK, TGFA 
2q37 5 
3p25 7 RAF 1 
3p21 10 
3q21 6 
3q29 10 p97 
5q13 7 
6q13 8 
6q15 17 
6q21 20 SYN 
6q22 12 ROS 
6q23 8 MYB 
6q25 9 MET 
7q22 


*Breakpoints observed in five or more cases are listed. 


No. of 
Breakpoint® Patients Genet 
8q24 24 MYC 
9p22 5 IFF, IFB1 
9q34 5 ABL 
10q22 5 
10q24 5 TDT 
11q13-14 6 BCL1, INT2 
11023 13 ETS1, THY1 
11425 8 
12p12-13 9 KRAS2 
12424 6 IFG 
13q34 6 
14411-13 14 TCRA 
14q32 101 IGH, AKT 1 
17p11 5 
17q25 9 
18q21 62 YES1, BCL2 
19p13 7 MEL 
19q13 11 
22q11 IGL, BCR 


tIGK, Immunoglobulin x chain gene; TCRa, T cell receptor a chain gene; IGH, immunoglobulin heavy-chain gene; IGL, immunoglobulin À chain gene. 


Data are from various sources, '**4 
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Modal Chromosome Numbers 


The distribution of the modal chromosome numbers were 
similar to those reported earlier in lymphoid malignancies 
including acute lymphoblastic leukemia and lymphoma.**”” 
When the histologic category was considered, hyperdiploid 
modal chromosome numbers were seen more frequently in 
cases with FM, FL, and DL lymphomas. These findings were 
related to the fact that the cells with a (14:18) had a 
propensity to acquire additional abnormalities. Rather fewer 
cases with SNC or LBL had a hyperdiploid modal chromo- 
some number, which seemed to reflect the rare occurrence of 
additional abnormalities in the t(8;14) and LBL. 


Correlation of the Karyotype With Histological and 
Immunologic Features in Lymphoma 


The workshop has confirmed the correlation of histology 
in B cell lymphomas with the karyotype, namely, 8q24 and 
t(14:18) abnormalities. Except for the two cases with atypi- 
cal 8q24 translocations and t(14;18), none had more than 
one of the frequent abnormalities. The 8q24 translocation 
particularly showed a good correlation with morphology, ie, 
with SNC, a majority of the patients being subclassified in 
Burkitt's type. The cases with an 8q24 translocation but with 
a histology other than the typical SNC had a histology 
closely related to SNC. The t(14;18) was primarily asso- 
ciated with follicular lymphomas (FSC or FM). Many of 
those with a t(14;18) but with a nonfollicular pattern showed 
a histology of follicular center cell origin. 

However, the t(14;18) was seen in five patients with SNC 
lymphoma, including two with both t(14;18) and 8q24 
translocations. These cases were classified in the NOS or the 
polymorphic (non-Burkitt’s) subcategory. In contrast to the 
young age of patients with an 8q24 translocation, these five 
patients were all older. Thus, these findings suggest that 
there are two biologically different types of SNC lymphoma 
and that the one with a t(14:18) arises from a germinal 
center, whereas lymphomas with a t(8;14) arise from outside 
the germinal center. 

The t(8;14)(q24:q32), when present as the sole abnormali- 
ty, was always associated with SNC morphology, often being 
diagnosed as Burkitt’s lymphoma. On the other hand, cases 
with a simple t(14;18)(q32:q21) did not always show follicu- 
lar morphology. Thus, although three of the five such cases 
were follicular, the remaining two patients showed a DSC 
morphology. 

Structural abnormalities involving 14q11-13, a location 
where the T cell receptor œ chain gene has been assigned, 
were associated with various morphologies of T cell lympho- 
ma, ie diffuse medium-sized cell lymphoma with nuclear 
polymorphism, DM, IBL polymorphous, and LBL, and 
indicated the importance of the proximal 14q abnormality in 
the occurrence of both thymic and peripheral T cell lympho- 
ma. 

Among numerical abnormalities, +3 and +12 correlated 
with distinct subtypes of lymphoma, both histologically and 
immunologically. Thus, +3 was almost always associated 
with a T cell phenotype and DM lymphoma or ATL. The 
fact that three cases having a +12 as the single abnormality 
has SL morphology suggests that SL lymphoma with a +12 
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is another specific cytogenetic subtype of NHL. Trisomy 12 
also correlated with the DL category, all of which showed a B 
cell phenotype. The biologic importance of +3 and +12 
should be the subject of future investigation. Although these 
trisomies may be directly related to the expression ef the 
immunologic phenotype, they may also be superimposed on 
some primary unidentified genetic changes. A significant 
correlation of Ip abnormalities with T cell lymphomas was 
also established, which suggested that genes related to T cell 
expression may be located on Ip. Cases with a 6p23 break- 
point and Ilq abnormalities seemed to be correlated with T 
cell and B cell lymphomas, respectively. The significance of 
these associations is currently unknown. 


Uneven Geographical Distribution of Some Lymphomas 


Although the 8q24 translocation—associated lymphomas 
showed an equal racial or geographic distribution, the 
t(14;18)-associated lymphomas were more common in the 
United States, Europe, and Australia than in Japan. The 
uneven distribution of the t(14;18)-associated lymphoma 
may be related to the fact that follicular lymphoma, which is 
known to be common in the United States and Europe, is 
rather rare in Japan." 

Although the number of patients examined was small, 
there seemed to be no difference in the chromosome pattern 
between ATL from the Japanese endemic area and T cell 
lymphomas elsewhere. The only exception was an extra 
chromosome 3, which was seen more frequently in Japan. 
The only non-Japanese workshop case with a clone witha +3 
as a sole abnormality had a DM lymphoma of peripheral T 
cell origin. This difference may be related to the fact that 
half of the T cell lymphomas outside Japan were LBL that 
were primarily composed of malignant lymphoid cells in the 
thymic stage of differentiation, whereas ATL is believed to 
be a malignant change of the peripheral T cell. Further 
support for this interpretation is provided by studies of 
human T-lymphotropic virus l-positive patients from the 
Caribbean; the most frequent change observed in four of six 
patients wasa +3.” 


Recurring Chromosome Breakpoints 


One of the most exciting areas in cancer research has 
developed from the genetic analysis of recurring chromosome 
rearrangements, especially translocations. Analysis of the 
(8:14) in Burkitt’s lymphoma has revealed that this translo- 
cation results in the juxtaposition of a protooncogene, c-myc, 
at 8q24 and the immuneglobulin heavy (IgH) chain gene at 
14q32 (Table 10).76?” 

Study of the t(14;18) has shown that IgH is involved with 
a different gene of unknown function called bel-2.® More 
recently, analysis of a t(8:14)(q24:q11) in T cell CLL has 
revealed a rearrangement analogous to that seen in Burkitt's 
lymphoma; in T cells, the gene for the a chain of the T cell 
receptor is moved next to c-myc.” In this workshop report 
we have presented further evidence for the frequent in- 
volvement of certain chromosome regions in recurrent 
rearrangements, namely, 1p32-p36, 6q13-q25, and l|łql3- 
q25. A number of protooncogenes are located within these 
same chromosome segments. Based on the aforementioned 
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research, the search for involvement of some of these 
protooncogenes in the appropriate rearrangements is likely to 
be productive. 

This workshop has provided further evidence that patients 
with lymphoma can be classified according to the specific 
chromosome abnormalities present in the tumors and that 
these patients present group-specific features. Further 
efforts to define additional cytogenetic groups will help to 
clarify the histologic characteristics and immunologic pheno- 
types of the various subtypes of lymphoma. The fact that 
cases with a normal karyotype were distributed among most 
histologic groups and about equally between immunologic 
phenotypes may indicate that in most if not all such cases we 
were studying the karyotype of the normal rather than the 
lymphoma cells. Prospective studies will help to find addi- 
tional recurring abnormalities, to determine further the 
distribution of various abnormalities among races or geo- 
graphic regions, and to evaluate the prognostic significance 
of the kdryotype in NHL and ATL. 
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APPENDIX 1 


The Fifth International Workshop on Chromosomes in Leukemia- 
Lymphoma was held in Ranzan, Saitama, Japan, October 11 to 15, 
1984. The Workshop was organized by M. Sakurai, Y, Kaneko, and 
N. Kamada. The participants were S. Abe, Sapporo, Japan; G. 
Alimena, Rome; D.C. Arthur, Minneapolis; C.W. Berard, Memphis; 
R. Berger, Paris; C.D. Bloomfield, Minneapolis; G. Borgström, 
Helsinki; A. de la Chapelle, Helsinki; G. Dewald, Rochester, MN; 
G. Frizzera, Minneapolis; O.M. Garson, Melbourne; H.M. Golomb, 
Chicago; A. Hagemeijer, Rotterdam, The Netherlands; D.K. Hoss- 
feld, Hamburg, Germany; N. Kamada, Hiroshima, Japan; Y. Kane- 
ko, Ina, Saitama, Japan; M. Kikuchi, Fukuoka, Japan; U. Kristof- 
fersson, Lund, Sweden; S.D. Lawler, London; C. Mecucci, Leuven, 
Belgium; F. Mitelman, Lund, Sweden; K. Miyamoto, Okayama, 
Japan; K. Nanba, Hiroshima, Japan; P. Philip, Copenhagen; R. 
Pierre, Rochester, MN; J.D. Rowley, Chicago; N. Sadamori, 
Nagasaki, Japan; M. Sakurai, Ina, Saitama, Japan; A.A. Sandberg, 
Buffalo; T. Suchi, Nagoya, Japan; L. Teerenhovi, Helsinki; H. Van 
Den Berghe, Leuven, Belgium; and H. Yamamoto, Hiroshima, 
Japan. N. Maseki, K. Shimamura, R. Abe, J. Takeuchi, M. Ohta, 
and H. Nagatsuma served as the workshop headquarters staff. 

The workshop participants acknowledge the important contribu- 
tions of their respective collaborating pathologists: M.E.F. Prins, 
Rotterdam, The Netherlands; J. Rodhain, Brussels-Leuven, Bel- 
gium; A. Louwagie, and C. Peeters, Leuven, Belgium; L. Ruco, 
Rome; K. Franssila, Helsinki; P.M. Banks, Rochester, MN; D. 
Variakojis, Chicago; and G. Flandrin, Paris; B. Gusterson, London; 
M. Akerman, Lund, Sweden. 
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Precommitted Erythroid Cells Enriched in Cultures of Suboptimally Induced 
Friend Erythroleukemia Cells 


By Enrico DiMambro, Maria Galanti, and Stuart B. Levy 


In the presence of suboptimal inducing amounts of dimeth- 
ylsulfoxide or hexamethylenebisacetamide, a major pro- 
portion of uncommitted murine erythroleukemia (MEL) 
celis was found to be precommitted or primed for commit- 
ment, which was demonstrated by their rapid commitment 
to terminal differentiation when recultured for short peri- 
ods of time (three to six hours) with fresh inducer. These 
same cells did not commit if left in the original inducer- 
containing media or if replated in fresh media without 
inducer. The two inducers could be interchanged in the 
priming and postpriming period without affecting the com- 
mitment event. However, hemin, an agent that induces 
hemoglobin synthesis without commitment, showed no 
ability to enhance commitment of a primed cell population. 
The rapid commitment of primed cells was inhibited by 
12-0-tetradecanoyliphorbol-13-acetate and cordycepin but 


HEMICAL INDUCTION of erythroid differentiation 
of murine erythroleukemia (MEL) cells in vitro has 
facilitated characterization of the commitment process.’ Ata 
certain point in the differentiation event, MEL cells no 
longer require the continued presence of the inducer and are 
termed committed. Analysis of the commitment process, 
including the use of various inhibitors, has led to the discov- 
ery of multiple factors and steps involved in the commitment 
decision.” 

Recently cell fusion experiments have distinguished 
between two kinds of inducer-mediated cellular events, one 
that is MEL cell specific and the other not cell type specific, 
that act synergistically to produce commitment.** A protein 
factor that is not cell type specific and is thought to arise 
from a disturbance of DNA metabolism has been identified® 
and shown to be active in the differentiation process. MEL 
cell-specific factors, on the other hand, are less well defined 
but seem to arise from inducer-mediated transmembrane 
signals that can be negatively modulated by tumor promoters 
and have their life span prolonged by cycloheximide treat- 
ments.” Paradoxically though, the conversion of these signals 
into factors that are active in reprogramming the develop- 
mental fate of MEL cells requires protein synthesis." 

We have been interested in the events that eccur during 
the period preceding terminal commitment.” In this commu- 
nication, we show that suboptimal amounts of inducer will 
produce cells that although yet uncommitted, are primed for 
rapid commitment in response to further contact with the 
same or even a different inducer. This enhanced commitment 
occurs within three hours of recontact with the inducer, is 
inhibited by cordycepin and 1|2-0-decanoylpherbol- | 3-ace- 
tate (TPA) but not by cycloheximide, and is lest within six 
hours in the absence of inducer. These primed cells represent 
cells at a reversible intermediate step(s) in the commitment 
process that have not previously been described. 


MATERIALS AND METHODS 


Cell cultures. Friend MEL cell lines PC-4, a subclone of the 
parent line 745 (provided by D. Housman, Massachusetts Institute 
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not by cycloheximide. The latter finding indicated that this 
rapid inducer-dependent commitment event required new 
RNA synthesis but not new protein synthesis. The precom- 
mitment state was lost within six hours of the growth of 
cells in the absence of inducer but could be sustained 
longer if cells were incubated in cycloheximide. These 
studies characterize a precommitment state not previously 
described and one that appears during chemically induced 
differentiation in the absence of metabolic inhibitors. The 
Stabilization of these precommitted cells by cycioheximide 
suggests that the reversibility of precommitment involves 
new protein synthesis. These findings show that MEL celis 
proceed to terminal differentiation by accumulating unsta- 
ble products that must be maintained by the inducer until 
the final commitment event. 

e 1987 by Grune & Stratton, Inc. 


of Technology), and C7D-Cl, subcloned from cell line C7D.'" were 
maintained in culture as described.” 

Induction studies, {Induction was performed on freshly seeded 
logarithmically growing cells at a density of 10° cells/mL in the 
presence of designated amounts of inducers ic, hexamethylenebis- 
acetamide (HMBA}, dimethylsulfoxide (DMSO), or hemin (all 
obtained from Sigma Chemical Co, St Louis). Cell viability was 
assessed by trypan blue exclusion. Cell death never exceeded 5% for 
the first four days of culture. For the induction enhancement studies, 
cells were grown in inducer at different concentrations for 24 to 72 
hours (depending on the experiment) and then either diluted into 
fresh inducer-containing medium or collected by centrifugation, 
washed in fresh medium, and resuspended in medium with or 
without inducer, The number of hemoglobin-producing celis was 
assayed by the benzidine test'' 48 hours after replating in fresh 
medium. 

Commitment assays. Commitment to erythroid differentiation 
was assayed in 1.8% methylcellulose (Fisher Co, Medford, MA) 
prepared according to Ogawa and Leary’ and used as outlined by 
Murate et al.’ The colonies were examined 72 to 120 hours after 
plating. The plating efficiency (total colonies greater than single 
cell/total number of colonies x 100) of uninduced cell lines was 
always greater than 85%. Colonies were scored for both size (ie, 
number of cells in each colony) and percentage of cells within each 


colony that was benzidine-positive (B+). The degree of commitment 
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was defined, on a percentage basis, as the ratio of B+ colonies (<64 
cells in size) to the total number of colonies scored. 

In the augmentation experiments, cells previously grown for 48 to 
72 hours in an inducer were introduced into similar or different 
concentrations of fresh inducer. The cells were either collected by 
centrifugation (S00 g for six minutes) and then resuspended into new 
medium or diluted directly into the new medium; the results were 
identical. After incubation for various periods of time (three to 24 
hours) in fresh inducer, the cells were collected by centrifugation 
(500 g for six minutes) and resuspended in 0.6 mL of fresh medium 
from which 0.3 mL was plated into methylcellulose. By this proce- 
dure, recovery and cell viability were >95%. 

In the inhibition studies, cordycepin (Sigma; final concentration, 
20 ug/mL) prepared according to Murate et al,’ TPA (10 ng/mL; 
Sigma), and cycloheximide (0.5 ug/mL; Sigma) were added to the 
cultures at different times in relation to the inducers. In experiments 
looking at clonal expansion of a subset of cells, the assays were 
performed in methylcellulose supplemented with different amounts 
of inducer. 


RESULTS 


Augmented inducibility of MEL cell lines. Two dif- 
ferent MEL cell lines were compared for their response 
(percent B+ cells) to two inducers, DMSO and HMBA. 
Both cell lines exhibited similar inducibility with HMBA, 
but C7D-Cl was more responsive to DMSO (Fig 1). 

The induction response was tested when the cells were 
treated with suboptimal amounts of DMSO (1%) and then 
replated after 24, 48, or 72 hours into fresh medium and the 
same amount of inducer. Although replating caused an 
increased induction at all the times tested, the effect was 
most dramatic when done at 48 or 72 hours (Fig 2). PC-4 
cells left untouched in 1% DMSO contained 15% B+ cells, 
whereas cultures transferred at 48 or 72 hours into fresh 
inducer showed 50% to 55% B+ cells when tested at 120 
hours. 

The same effect was noted when cells were grown in 
suboptimal levels of HMBA (2 mmol/L) and then replated 
into fresh medium containing fresh inducer at the same 
concentration (Table 1). In general the replating produced a 
greater than twofold increase in B+ cells. This enhanced 
induction was most marked when low concentrations of 
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Fig 2. Effect on induction of replating cells suboptimally 


treated with inducer. PC-4 Cells were incubated in media contain- 
ing 1% DMSO. One plate (control. solid fines) was kept untouched 
for the entire test period. At 24, 48, or 72 hours the cells were 
removed, diluted 1:4 into fresh media with inducer, and placed in 
separate plates (dashed lines}. The percent B+ cells was deter- 
mined during the entire 120-hour period. 


inducer were used during the initial contact (Fig 3). When 
the concentration of HMBA went above 2.5 mmol/L and 
that of DMSO above 1.5%, the enhancement by replating 
was dramatically less due to increased induction of the entire 
cell population. Cells that had not previously grown in 
inducer remained unaffected by replating into fresh inducer 
(<1% to 2% B+). When cells grown for 48 hours in 
inducer-containing medium were collected by centrifugation 
and resuspended back into the original medium, they showed 
the same induction level as that of untouched inducer-treated 
cells. 

In these experiments, the cell concentration was reduced 
three- to fourfold by dilution and replating into fresh 
medium. In other studies in which the cell concentration was 
unchanged by the replating procedure, the same increase in 


Fig 1. induction kinetics of C7D-C1 and PC-4 
MEL cells :n liquid culture with DMSO or HMBA. 
The percentage of celis that stained with benzid- 
ine (% B+) was assayed after 96 hours of treat- 
ment. The points represent an average from two 
to sight separate experiments. 


PRECOMMITTED FRIEND ERYTHROLEUKEMIA CELLS 


1567 


Table 1. Augmentation of Induction of MEL Cell Lines 
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Postplating Induction Level Induction Levei 
initial inducer inducer of Unreptated Cultures of Replated Cultures 
Concentration Concentration {% B+) i% B+) 
C7D-C1 1% DMSO 1% DMSO 40.0 60.0 
2 mmol/L HMBA 2 mmol/L HMBA 25.6 63.1 
PC-4 1% DMSO 1% DMSO 15.4 37.0 
2 mmol/L HMBA 2 mmol/L HMBA 32.9 71.6 
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Cells were incubated for 48 hours with suboptimal amounts of inducers and then were replated into fresh media containing the same inducer 
concentrations. The percent B+ cells was evaluated at 96 hours, 48 hours after replating. These results are representative of many indeperndertt 


experiments. 


induction was evident (data not shown). These findings 
indicated that the augmented induction was not related to a 
change in cell density. 

Augmented induction in replated cultures results from 
recruitment of inducer primed cells. To determine the 
basis for the augmented induction upon replating, we 
replated cells primed for 48 hours with 1% DMSO into 1.8% 
methylcellulose with or without inducer. At 6, 24, 36, and 48 
hours, the plates were scored for growth and benzidine 
positivity. The augmentation in induction experienced by the 
primed cells in inducer-treated liquid cultures was faithfully 
reproduced in inducer-containing methylcellulose (Fig 4A). 
Furthermore, because there was an increase of B+ colonies 
(Fig 4B), the replating procedure caused a significant 
recruitment of primed cells for differentiation along the 
erythroid pathway. This recruitment does not take place in 
the absence of inducer (control, Fig 4) or with unprimed cells 
(data not shown). 

In these experiments, the dual scoring of colony for both 
size and benzidine phenotype allowed a clonal comparison of 
growth rates. Over the initial 24- to 36-hour period, DMSO- 
treated cells did not show any difference in growth kinetics 
from that of control cells in methylcellulose containing or not 
containing inducer. Later, however, it became apparent that 
regardless of the growth rates of the cultures as a whole, a 
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Fig 3. Effect of inducer concentration on augmentation of 


induction. MEL cells were grown for 48 hours at varying concen- 
trations of inducer and then replated in fresh medium and inducer 
at concentrations identical to that in the initial growth period. The 
percent B+ cells was assessed 48 hours after repiating. The 
difference (A) in percent B+ cells present in the replated culture 
as compared with those left in the initial inducer medium is plotted 
against the inducer concentration. 


substantial portion of the B+ colonies grew slower than the 
benzidine-negative ones. These findings provide further evi- 
dence that the rapid augmentation in induction in replated 
cultures is not due to a clonal expansion of already induced 
cells but is due to a fresh inducer-specific mediated event(s) 
on primed cells. 

HMBA and DMSO, but not hemin, can be interchanged 
without loss of augmentation of induction. To establish 
whether the augmented induction was inducer specific or 
could be effected by ones other than those used initially Ge, 
in the priming period), we replated 48-hour cultures primed 
either with 1% DMSO or 2 mmol/L HMBA in fresh 
medium containing 100 pmol/L hemin or varying concentra- 
tions of DMSO or HMBA. Exchanging DMSO or HMBA in 
the postpriming period gave the same augmented induction 
relative to using the same inducer in the priming and 
postpriming periods. No additional augmentation was found 
by increasing the concentration of the inducer in the post- 
priming period (Table 2). No augmentation was found when 
primed cells were incubated with hemin (100 mol/L) 
(Table 2). These findings showed that the primed state was 
responsive to more than a single inducer but did appear to 
distinguish between those inducers that lead to commitment 
(DMSO, HMBA) and hemin, which does not." 

Augmented induction in replated cultures reflects an 
augmentation in commitment. To determine whether the 
augmented induction of B+ cells was related to terminal 
differentiation, we examined the production of B+ colonies 
in methylcellulose from 48-hour DMSO-primed cultures 
after replating for various times (12 to 24 hours) in fresh 
medium and 1% DMSO. After growth for 96 hours in 
methylcellulose, colonies that displayed benzidine positivity 
and contained less than 64 cells in size were considered 
terminally committed.’ We noted that replating DMSO- 
primed cultures at 48 hours always led to an increase in 
number of committed cells (Table 3). In the absence of 
inducer (ie, when primed cells were replated in fresh medium 
alone) there was little change in commitment relative to 
cultures that were not replated. 

To define the minimum time needed for the augmentation, 
we examined the effect of short periods of contact with fresh 
inducer after the 48-hour priming period. Replated cultures 
required only three to six hours of additional contact with 
inducer to achieve augmentation in commitment (Fig 5). 
This augmentation was maximal by 12 hours with no further 
change with 24 hours of additional contact with suboptimal 
amounts of inducer (Fig 5, Table 3). 

The lower level of commitment in cultures not replated 
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could relate to depletion of factors present in the medium 
needed for terminal differentiation. This possibility was 
tested by substituting the fresh inducer in a fresh medium 
combination with (a) fresh inducer in medium aged at 37°C 
for 60 hours (b) fresh inducer in 0.2-~m-—filtered spent 
medium taken after 60 hours from untreated cell cultures, or 
(c) medium and DMSO incubated for 60 hours without cells 
and without the addition of fresh inducer. None of these 
substituted media altered the level of augmented commit- 
ment (data not shown). The findings suggest that it is the 
inducer not the media that needs to be fresh to drive primed 
cells into a committed state. They also suggest that DMSO is 
altered or depleted in media containing cells but remains 
unchanged if incubated alone in medium. 

The level of enhanced commitment is related to the 
concentration of inducers in priming but not the postpriming 
period. The increase in newly committed cells was greater 
when MEL cells were primed with low (suboptimal) 
amounts of inducer when presumably a greater proportion of 
precommitted cells were present (Fig 6). At 1% DMSO an 
additional 20% B+ colonies were seen in PC-4—plated cells. 


Table 2. Effect of Exchange of Inducers in Postpriming Period on 








induction of PC-4 Cells 
Priming Postpriming induction Level of PC-4 Cells 
Condition Condition (% B+ Cells) 
2 mmol/L HMBA Fresh medium 29.3 
Untouched 32.9 
2 mmol/L HMBA 54.5 
1% DMSO 57.3 
1.25% DMSO 56.0 
1.5% DMSO 60.0 
100 umol/L hemin 27.0 
1% DMSO Fresh medium 11.5 
Untouched 15.4 
1% 37.0 
1.25% 40.0 
2 mmol/L HMBA 35.0 
5 mmol/L HMBA 25.0 
100 umol/L hemin 18.0 





Priming and postpriming periods were 48 hours each. Results 
presented are representative of several independent experiments. 
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A +71%0MS0 
+2mM HMBA Fig 4. Augmentation in in- 
duction of primed cultures upon 
replating into inducer-containing 
methyiceliulose. One percent 
DMSO-treated PC-4 cells from 
48-hour-old cultures were im- 
bedded in 1.8% methyiceliulose 
at approximately 10° cells/mL. 
The methylcellulose contained 
either no inducer (control), 
DMSO (195), or HMBA (2 mmol/ 
L). The plates were benzidine 
Stained at 6, 24, 36, and 48 hours 
of growth in methyicellulose. At 
these times the plates were 
scored for both the percent B+ 
cells (A) among the total calis in 
at least 300 colonies and the per- 
cent B+ colonies {B}. 
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This number of newly committed cells remained present 
despite am increased total commitment of the population up 
to 1.8% DMSO. At 2% DMSO the replating did little to 
augment commitment when the culture was over 80% com- 
mitted. Increasing the postpriming concentration of inducer 
over that used during priming did not lead to further 
augmentation (data not shown). 

Proliferative potential of primed cells. We compared 
the colony size distribution of cells from primed cultures 
resuspended for six hours in fresh medium without or with 
fresh inducer. The newly committed cells that resulted from 
the fresh inducer contact gave rise to B+ colonies that were 
composed of two to 64 cells. As compared with control cells, 
cells incubated with fresh inducer for this short period did 
not show a change in benzidine-negative colonies in this size 
range. These findings indicate that the newly committed 
cells do not arise from a more efficient inducer-driven 
hemoglobinization of already terminally committed cells. 

TPA and cordycepin but not cycloheximide, if present in 
the postpriming period, will inhibit the augmented commit- 
ment. To gain an insight into the biochemical processes 
that force replated primed cells into a state of commitment, 
we incubated 1% DMSO-primed cultures for six hours in 
fresh medium containing either 1% DMSO or 2 mmol/L 
H MBA and either 10 ng/mL TPA, 20 g/mL cordycepin, or 
0.5 ug/mL cycloheximide before plating in methylcellulose. 
Irrespective of the inducer used in the postpriming period, 
TPA and cordycepin completely eliminated the augmenta- 
tion of commitment (Fig 7). In contrast, cycloheximide had 


Table 3. Augmentation of Commitment of PC-4 Cells Primed for 
48 Hours With 1% DMSO 


meme A her Viet hrer a nine maa 


A . : Percent Commitment* 
Additional Time in 








Original Medium or Original Fresh Medium 
in Fresh Inducer (h} Mediurn + 1% DMSO Difference 
Q 26 — nome 
12 24 50.5 26 
18 21 51 30 
24 21.3 44.9 23 


*Percentage of B+ colonies assayed after 96 hours in methytcellu- 
lase. The results are representative of several independent experiments. 
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Fig 5. Kinetics of augmented commitment upon replating. 


PC-4 cells primed for 48 hours with 1% DMSO were resuspended 
in fresh media with 1% DMSO for 3, 6, 12, or 24 hours before 
embedding in methylcellulose. The percent B+ colonies were 
assayed after 96 hours. 


no effect on the augmentation; at this concentration, cyclo- 
heximide completely inhibited cell growth (data not shown). 
These latter findings suggest that during the postpriming 
period the rapid inducer-mediated augmented commitment 
required RNA but not new protein synthesis. Furthermore, 
the findings indicate that either the synthesis of the RNA or 
its eventual translation or degradation is modulated by a 
TPA-sensitive step(s). 

Stability of primed state; effect of cycloheximide. We 
examined the stability of the primed state of PC-4 cells 
treated for 48 hours with 2 mmol/L. HMBA. If the cells 
remained in the priming medium, as shown previously (Fig 
2), they retained the ability to become rapidly committed 
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Fig 6. Effect of initial inducer concentration on number of 
primed cells. PC-4 cells were primed for 72 hours with varying 
amounts of DMSO and then replated in fresh medium with the 
same amount of fresh inducer for 12 hours or left untouched for an 
additional 12 hours (control). The percent B+ colonies in the 
cultures was assessed after 96 hours of growth in methyicellu- 
lose. 
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with fresh inducer during the 12-hour test period (Fig 8A). 
Upon transfer to fresh medium without inducer, the primed 
cells lost their ability to respond to fresh inducer within 12 
hours (Fig 8B). This rather rapid loss (ie, half-life of 
approximately six hours) was partially prevented by the 
addition of cycloheximide (0.5 ng/mL) to the fresh medium 
(Fig 8C). 


DISCUSSION 


Intrinsic in the hypothesis that inducer-mediated commit- 
ment is a multistep process*’ is the idea that there are in 
inducer-treated MEL cell cultures cells that have experi- 
enced several biochemical events of the differentiation pro- 
cess, are not fully committed, but have the ability to become 
so if appropriately stimulated. These cells, which can be 
defined as precommitted or primed for commitment, may 
exist in several states depending on the number of events in 
the commitment process that they have completed. Examples 
of MEL cells that are progressively closer to terminal 
commitment are those that retain a memory of a prior 
exposure to inducer’ and those that will commit rapidly in 
the presence of inducer after the removal of inhibitors of 
commitment: cordycepin, amiloride, or dexamethasone.’ 
There are also those cells that no longer require inducer to 
complete commitment but can be kept from doing so by 
TPA.” Primed cells have also been described in cultures of 
human myeloid leukemia cells that after contact with one 
inducer, retinoic acid, responded to the differentiation effects 
of another." 

We have enriched MEL cell cultures for precommitted 
cells by their growth in suboptimal amounts of inducers, This 
method does not require treatment of cells with inhibitors of 
the commitment process, cell fusions, or extensive subcloning 
for particularly responsive cell populations.’ However, these 
cells, like MEL cells released from the block by various 
inhibitors, also require brief additional fresh inducer contact 
to complete the commitment process. The ease with which 
these cells are obtained make them a useful tool in the 
analysis of the rapid inducer-driven molecular events that 
operate in the later stages of the commitment process. We 
found that these precommitted cells both differed from and 
resembled commitment-inhibited cells and MEL cell fusions. 
They are different from dexamethasone-treated cells in that 
their augmented commitment was inhibited by cordycepin 
but not cycloheximide’ (Fig 7). These cells are thus at a step 
in the terminal commitment process that does not require the 
immediate synthesis of new proteins but, presumably, the 
synthesis of a relatively stable poly-A-containing RNA 
molecule. In this way they resemble cells blocked in commit- 
ment by cordycepin,“ although it is unclear whether they are 
biochemically identical; comparable inhibitor studies were 
not performed on cordycepin-treated cultures. Moreover, our 
studies showed that the commitment-related RNA remains 
stable or is continuously made while untranslated during six 
hours of cycloheximide treatment or as long as inducer is 
present. Our experiments also indicate that a TPA-sensitive 
step may either precede the inducer-driven RNA synthesis or 
be involved in metabolizing the newly induced RNA(s) or in 
producing the target(s) to which the product of this RNA(s) 
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Fig 7. Effect of TPA, cordycepin, or cycloheximide on augmentation of commitment. PC-4 cells were primed for 48 hours in 1.0% 
DMSO (A) or in 2 mmol/L HMBA (B, C). The cells were then either left untouched (control) or collected and incubated in fresh medium or 
medium with fresh inducer with or without different inhibitors. (A) Fresh medium with fresh 1% DMSO + 10 ng/mL TPA. (B) Fresh 
medium with fresh HMBA with or without cordycepin (20 ug/mL). (C) Fresh medium with fresh HMBA + 0.5 ug/ml cycloheximide. At 
three and six hours after incubation, the cells were collected and imbedded in methylcellulose (1.8%) at a concentration of 10° cells/mL. 
The level of commitment (ie, percent B + colonies) was evaluated after 120 hours of growth in methylcellulose, 


is directed. This effect of TPA is distinct from what inhibits mediated TPA-inhibitory step demonstrated in the MEL cell 
final commitment” because the removal of TPA did not fusion partner.® 


cause primed cells to become committed. The primed cells, Primed cells also resemble the MEL cell fusion partner’ as 
therefore, also provide a potential system for studying the well as dexamethasone-blocked cells’ in being unstable once 
events that precede this inducer-independent (TPA-sensi- inducer contact is terminated (Fig 8). However, we shawed 
tive) commitment step. On the basis of its rapidity of onset, that the primed state could be stabilized by inhibiting protein 
this inducer-dependent event is akin to the rapid inducer- synthesis with cycloheximide, which is reminiscent of the 
O O 
/ P / f 9 
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Fig 8. Stability of primed cells and effect of cycloheximide. PC-4 cells primed for 48 hours with 2 mmol/L HMBA were collected by 
centrifugation and immediately resuspended either in (A) their own medium, (B) fresh medium, or (C) fresh medium with cycloheximide 
(0.5 ug/ml). At 0, 6, and 12 hours after replating, a portion of the cells were recentrifuged and rechallenged with fresh medium containing 
2 mmol/L HMBA for six additional hours. At the end of this period, the cells were imbedded in methylcellulose and the percent B+ colonies 
recorded after 110 hours. Key @—@—, level of commitment in control cultures net replated in fresh inducer; O--O, tevel of commitment 
in cultures that were incubated in fresh medium and 2 mmol/L HMBA. 
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effect of cycloheximide on the postulated inducer-dependent 
transmembrane activity in cell fusion experiments.’ This 
finding implicates a protein product in reversing the precom- 
mitment state. 

The evaluation of the commitment assays in terms of both 
colony size and benzidine phenotype allowed us to better 
define several characteristics of the primed cells. First, these 
cells do not seem to derive exclusively from cells that in the 
primed cultures give rise only to sectored colonies (ie, mixed 
benzidine phenotype colonies}. The proportion of mixed 
colonies remained low (ie, <5% of the total colonies) whether 
the primed cultures were left undisturbed or briefly recon- 
tacted with fresh medium with or without inducer or meta- 
bolic inhibitors. Second, primed cells are not all at the same 
physiological state; commitment takes place in cells that can 
undergo from one to six cell divisions. Third, it is unlikely 
that brief inducer recontact only leads to increased hemoglo- 
binization of already committed cells because in the undis- 
turbed, replated, or metabolic-inhibited primed cultures we 
never found a significant portion of cells that underwent a 
limited proliferation without expressing the B+ phenotype. 
Moreover, hemin, which induces hemoglobin synthesis, ? did 
not increase commitment (Table 2). 

The dependence of primed cells on fresh inducer, and not 
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fresh medium to complete the commitment, suggests that the 
inducer (DMSO or HMBA) is altered or depleted after 24 to 
48 hours in the presence of MEL cells. Previous studies with 
radiolabeled DMSO showed accumulation of the label in 
MEL cells.’ With higher (optimal inducing) concentrations 
of inducer, enough active inducer must still be present 
throughout the three-day period needed to complete the 
inducer-mediated events. The fact that spent inducer main- 
tains the primed state (Fig 8A) suggests that even if some of 
the inducer is altered or depleted sufficient amounts are 
present to maintain cells in a primed state. 

Although the events leading to commitment appear to be 
sequential, these data together with those presented by 
others**”'*> suggest that the different components of the 
terminal commitment event do not need to be synchronously 
made to be effective. Nor do their activities appear to be 
limited to a particular step in the commitment process, but 
instead they seem required and must be inducer maintained 
throughout a precommitment period. Commitment, there- 
fore, emerges from an accumulation of these factors, inde- 
pendently synthesized but interdependent, all of which 
remain inducer driven and required until the final commit- 
ment event. 
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Mechanism of Erythrocyte Aggregation and Sedimentation 


By Thomas L. Fabry 


Unstirred suspensions of erythrocytes form stable spheri- 
cal aggregates of uniform size. The radius of the spheres 
depends upon the suspending medium and the hematocrit. 
Erythrocyte suspensions will undergo sedimentation only 
after these aggregates are formed. Aggregation is a two- 
step process: first, erythrocytes associate in long chains 
{rouleau formation). Next, these chains form spheres of 
uniform size. The requirements for this well-defined pro- 
cess are an electrolyte and a neutral or negatively charged 
macromolecule in the solution and a metabolically active 
red cell. If these conditions are not met, red cells either will 
not aggregate at all or will form amorphous aggregates. 
Rouleau formation and sedimentation are inhibited by 
4,4'-diisothiocyanatostilbene-2,2’-disulfonic acid, an inhibi- 


HE ERYTHROCYTE SEDIMENTATION RATE 
(ESR) is a useful qualitative empirical index of nonspe- 
cific disease activity.’ Its clinical usefulness is, however, 
limited by three major problems: (a) quantitative interpreta- 
tion is not possible, (b) there is a poor correlation with 
measurements of other acute phase reactants, and (c) it is 
paradoxically low in several diseases (eg, certain forms of 
inflammatory bowel disease,” sickle cell disease,’ and possi- 
bly in congestive heart failure*). Increased ESR has been 
attributed to increased amounts of some plasma proteins 
(fibrinogen,* etc), but again there is only very poor quantita- 
tive correlation. Expressing the sedimentation rate as the 
amount of sedimentation at one hour is only meaningful if 
the process occurs uniformly over time. Any deviation from 
zero-order kinetics means that more than one parameter 
must be used to describe the process. 

Chien’ laid the foundation for interpreting the rheology of 
red cell suspensions. He established the need for electrolytes 
and macromolecules to be present in the suspending medium 
for rouleau formation to occur. Perelson and Wiegel,’ using 
techniques of statistical mechanics, showed that the average 
rouleau size increases as the adhesion energy between eryth- 
rocytes increases. Samsel and Perelson® developed an elegant 
kinetic model for rouleau formation and pointed out that as 
rouleaux grow large they form rings and branching aggre- 
gates. Evans and Buxbaum’ and Buxbaum et al! quantified 
the surface affinities of erythrocyte membranes for macro- 
molecules and related them to aggregation. 

Quantitative interpretation of the sedimentation rate is 
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tor of anion transport, but not by ouabain, a cation trans- 
port inhibitor. The kinetics of erythrocyte sedimentation 
reflects the aforementioned mechanism: no sedimentation 
occurs during rouleau formation. Once the spheres of 
uniform size are formed, they will settle according to the 
Einstein-Stokes equation. in this model, parameters of 
sedimentation kinetics are the delay before sedimentation 
Starts, the rate of sedimentation in the steady state, and 
the radius of the sedimenting aggregate. The radius can be 
calculated from the rate of fall of the aggregates and 
agrees well with the microscopically observed radius. It is 
inversely proportional to the hematocrit, which explains 
the elevated sedimentation rates in anemia. 

è 1987 by Grune & Stratton, inc. 


possible by developing a kinetic model based on the underly- 
ing mechanism. This may make erythrocyte sedimentation a 
useful tool for investigating the pathophysiology of some 
diseases. Furthermore, quantitative interpretation of sedi- 
mentation may provide an inexpensive screening test of 
plasma protein and erythrocyte membrane abnormalities in 
some less common disorders. 


MATERIALS AND METHODS 


Blood specimens anticeagulated with K,EDTA were obtained 
from healthy volunteers and were processed immediately after 
collection. Red cells were suspended in autologous plasma to obtain 
different final hematocrit values (Hct). For the inhibition experi- 
ments, washed red cells were incubated with 4,4’-diisothiocyanato- 
stilbene-2,2’-disulfonic acid (DIDS) (0.1 mg/mL) for 30 minutes at 
37°C. This is the same concentration of DIDS that is used to inhibit 
the chloride/bicarbonate antiporter of the erythrocyte membrane. 
After incubation the cells were washed with isotonic saline contain- 
ing 10 mmol/L glucose and then reconstituted with plasma. 

Ouabain (Sigma Chemical Co, St Louis) was dissolved in water 
(0.01 mol/L stock solution; final concentration of incubation mix- 
tures, 0.1 mmol/L). DIDS was prepared in HEPES buffer immedi- 
ately before use. Other chemicals were obtained from standard 
sources. 

Sedimentation experiments were performed in Kimble disposable 
200-mm Westergren tubes at pH 7.4 and at 25 + 2°C. Experiments 
were completed within three hours of sample preparation to avoid 
artifacts from irreversible aggregation of red cells. To obtain the 
photomicrographs, erythrocyte suspensions were allowed to sedi- 
ment in rectangular cross-section tubes 0.2 x 5 or 0.3 x 5 mm and 
100 mm long (Vitro Dynamics, Rockaway, NJ). The kinetics of 
sedimentation in this tube is the same as in a Westergren tube filled 
to 100 mm. The tubes were placed flat side down on the microscope 
stage in different phases of the sedimentation, and photographs were 
taken at 4x and 10x magnification. 

Curve fitting and statistical calculations were carried out by using 
the computer programs SAS" and Statgraphics.’? The Einstein- 
Stokes equation was used as derived by Hiemenz.'? 


RESULTS 
Kinetics of erythrocyte sedimentation and the effect of 
Het. Erythrocyte sedimentation follows an S-shaped curve 
with time (Fig | and Table 1). There is a delay in the start of 
sedimentation; during this time the rate of sedimentation is 
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Fig 1. Sedimentation as a function of time at different Hct 
values. ©, Hct of 26: @, Hct of 28; ^, Hct of 34; a, Het of 45. 


zero (phase | of the curve). The next segment (phase 2) is 
linear: sedimentation continues at a constant rate. Finally, in 
phase 3 the rate levels off to zero: sedimentation is com- 
pleted. 

At different red cell concentrations (Hct range, 10 to 50) 
the shape of the curve is qualitatively the same; however, 
there is a shift to the right as the Hct increases (Fig 1): the 
delay (phase 1) increases and the slope in phase 2 decreases. 
This results in slower sedimentation at a higher Hct value. 

Effect of membrane transport inhibitors on sedimenta- 
tion. DIDS, an irreversible inhibitor of anion transport, 
inhibits both rouleau formation and’ sedimentation in a 
dose-dependent manner. Ouabain (0.1 mmol/L) has no 
effect on the sedimentation rate. Table 2 shows the slope of 
the sedimentation curve and the ESR as a function of 
inhibitor concentration. 

Direct observation of aggregation during sedimenta- 
tion. In phase 1 the homogeneous red cell suspension forms 
a three-dimensional network (Fig 2) that, late in this phase, 
rearranges to form spheres of equal size. This is a sudden 
change. It can be observed with the naked eye in the 
Westergren sedimentation tube: the homogeneous cell sus- 
pension suddenly becomes granular in appearance, with the 
spheres visible at the sides of the tube. In phase 2 these 
spheres sediment at a steady rate (Fig 3). Figure 4 is a 
photomicrograph of the interface between the sedimented 
cells and the plasma. The sedimenting entities are the 
spheres formed from the rouleaux. The extent of aggregation 
does not change during phase 2. To demonstrate that the red 
cells form fairly stable aggregates during the steady phase of 
sedimentation (ie, after the delay period) the ESR tube was 
gently inverted (ie, turned upside down). Sedimentation 
continued at the same steady rate without a second delay 
period. 
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Table 2. Effect of Anion and Cation Transport inhibitors 
on Sedimentation 


reed rrit AAAA Ra nanan ara Shanda el baat eC ananavi 


Concentration 
inhibitor umot/L} Slope ESR 
Blank 0.6 28 
DIDS 1 0.5 aa 
DIDS 10 0.1 5 
Oubain 100 0.6 23 
DISCUSSION 


The delay in red cell suspension sedimentation suggests 
either aggregation (ie, red cells will not settle until aggre- 
gates of sufficient size are formed) or cooperatively (ie, the 
rate constant for the sedimentation increases with time). Red 
cell sedimentation kinetics is not compatible with either. 
Simple aggregation would require the sedimentation rate to 
increase with an increasing concentration of erythrocytes 
(Hct); in fact, the opposite occurs. As shown in the Appen- 
dix, the equation describing sedimentation kinetics does not 
fulfill the criteria for cooperativity. 

Aggregation of red cells to form uniform spheres. The 
mechanism of rouleau formation has been extensively inves- 
tigated.'* Our data allow further elaboration of the mecha- 
nism of aggregation. 

Red cells repel each other because of their negative 
surface charge from sialic acid residues. At the same time 
they are attracted by the van der Waals forces, which are 
electrodynamic in nature. The balance of these two forces 
determines the most stable arrangement of red cells in an 
electrolyte solution in the absence of other forces. Assuming 
a discoid shape for red cells, van Oss and Absolom”™ caleu- 
lated that at an intercellular distance of 103 nm there is a 
minimum of ~4.6 x 10°" ergs/cell in the potential energy 
distribution of erythrocytes suspended in isotonic saline. The 
distance of the closest approach for erythrocytes increases 
with decreasing electrolyte concentration because the repul- 
sive force (č potential) increases with decreasing ionic 
strength and the van der Waals forces are unchanged. (This 
explains why there is no rouleau formation in the absence of 
electrolytes, eg, in sucrose solutions.) Therefore, in the 
presence of electrolytes, the most stable configuration of 
erythrocyte suspensions is a chain of cells attached by their 
flat surfaces. However, this energy is small relative to the 
energy from Brownian motion (kT); therefore, cells would 
align only transiently but would not form stable structures. 
For this reason red cells will not form rouleaux if the 
suspending solution contains electrolytes only. 

For rouleau formation to occur, macromolecules must be 
present in the suspending medium.'* Chien and Jan” showed 


Table 1. Measured:and Derived Parameters Describing the Curves in Fig 1 
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Fig 2. Photomicrograph (original magnification x40; current 
magnification x16) of sedimenting erythrocytes in a 0.2-mm- 
diameter tube. The rouleaux are starting to form spheres: phase 1 
of Fig 1. 


that increasing the length of a macromolecule (dextran) will 
increase the intercellular spacing of the red cells in the 
rouleau. He concluded that the macromolecule actually 
bridges two erythrocytes and only elongated macromolecules 
of sufficient length can serve this function. For example, 
fibrinogen but not albumin meets the shape requirements to 
cross-link erythrocytes. Therefore, sedimentation will not 
take place in serum. It has not been made clear until now, 
however, that the macromolecule has to be either neutral or 
negatively charged (as opposed to positively charged). 

The receptor (binding) site for the macromolecule on the 
erythrocyte membrane has not been identified. We have 
shown that DIDS, an inhibitor of anion transport, interferes 
with formation of the aggregates in either plasma or dextran. 
DIDS at similar concentrations inhibits the chloride-bicar- 
bonate exchange across the red cell membrane.'* This sug- 
gests that the macromolecule binds at the anion transport 
site. DIDS also reacts with lysine residues on the membrane 
surface. If the fibrinogen binding involves these lysine resi- 
dues, then DIDS would interfere at this point. Against this 
latter possibility is the fact that there are 10° anion transport 





Fig 3. Photomicrograph (original magnification x40; current 
magnification x16) of sedimenting erythrocytes in a 0.2-mm- 
diameter tube: phase 2 of Fig 1. Note the uniform size of the 
spheres. 
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Fig 4. Photomicrograph (original magnification x40; current 
magnification x16) of sedimenting erythrocytes in a 0.2-mm- 
diameter tube at the interface between the clear plasma and the 
sedimented red cells: phase 3 of Fig 1. Note that the sedimenting 
entities are spheres formed from rouleaux and not individual red 
cells. 


sites (band 3 protein) per erythrocyte and about 10° 
fibrinogen molecules are bound to each cell at equilibrium.” 
Because fibrinogen binding is weak, the 100:1 ratio of 
binding sites to bound molecules is the right order of magni- 
tude. In the case of rouleau formation, the two ends of the 
macromolecule bind to adjoining erythrocytes to form the 
aggregates. 

In contrast to the aforementioned mechanism. positively 
charged macromolecules are not able to bridge the erythro- 
cytes in this fashion; they react with the sialic acid residues 
and form amorphous aggregates.”' This process is not inhib- 
ited by DIDS. 

After the formation of the rouleaux, the chains form 
spheres of uniform size (Fig 3). The driving force may be the 
reduction of the surface free energy. Uniform size is proba- 
bly the result of competition between the attractive forces 
between cells and the hydrodynamic forces that tend to 
reduce the size of the spheres. 

The spheres contain not only erythrocytes but also the 
macromolecules binding them together. This is in agreement 
with the findings of Janzen et al” who demonstrated binding 
of fibrinogen to red cell surfaces. It also explains why 
increased Hct values do not increase the rate of sedimenta- 
tion: the formation of the spherical aggregates is limited by 
the availability of fibrinogen or other plasma macromole- 
cules linking the erythrocytes. 

In summary, the mechanism of red cell aggregation to 
spheres of uniform size proceeds via the following steps: (a) 
electrostatic forces draw erythrocytes together to about 100 
nm, with the discoid shapes lining up parallel to one another. 
This requires the presence of electrolytes. (b) If a neutral or 
negatively charged macromolecule of length greater than 
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100 nm is present, it will bind to the anion transport sites of 
adjoining erythrocytes. The energy of this binding will 
stabilize the parallel configuration of red cells, and rouleaux 
are formed. (c) Rouleaux rearrange to form spheres, which 
reduces the surface free energy. (d) The kinetics of sedimen- 
tation must be described by at least two independent parame- 
ters (eg, delay before sedimentation starts and steady-state 
rate of sedimentation). For a mathematical analysis see the 
Appendix. 

Clinical correlation: correction for Het. 1n clinical prac- 
tice there are two reasons for variations in the sedimentation 
rate: (a) its dependence on Hct and (4) its dependence on the 
plasma protein concentration. The latter makes it useful as 
an empirical index of disease activity. In Fig 5 the radius of 
the sedimenting sphere (which is directly proportional to the 
true rate of sedimentation) is shown as a function of Hct and 
plasma protein concentration. The radius is increased by 
either decreasing the Hct or increasing the plasma protein 
concentration. Therefore, a change in Het masks the effect of 
changing plasma protein concentration and composition. 
Because the steady-state sedimentation (slope in phase 2) in 
the range of Hct 10 to 50 is a linear function of Het (Fig 6), 
correction can be made by interpolating to a set value, eg, to 
an Het of 40. This eliminates the variations in the sedimenta- 
tion rate due to the changes in Het. In practice a good 
estimation of the steady-state sedimentation can be obtained 
by measuring the amount of sedimentation at 30 and 60 
minutes and multiplying their difference by 2 (this way the 
sedimentation will have a value that is similar to the ESR). 
Because the value of the slope approximates 0 when Hct = 
55, one can obtain the value at an Hct of 40 from the value 
measured at any other Hcet by the relationship: Sed (Hct = 
40) = Sed (observed) x (55 — 40)/(55 — Het), (equation 
1), where Sed (observed) is the sedimentation observed at the 
given Hct and Sed (Hct = 40) is its value corrected to Hct 
40, 

Table 3 shows both Sed (observed) and ESR and their 
values corrected to Hct 40 by using equation |. In a larger 
series of patients with inflammatory bowel disease we 
obtained identical results. Clearly Sed (Hct = 40) provides 
an index of disease activity that is fairly independent of Het. 
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Fig 5. Radius of the spherical aggregates at different Hct 
values. Erythrocytes are suspended in autologous plasma and 
serum mixtures. The third coordinate is the fraction of plasma in 
the suspending medium. 
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Table 3. Het Correction of Sedimentation by Using Equation 1 





Sed Sed ESA 

Het {observed} ESR fHet = 40} {Hot = 49} 
25.8 80 80 4} 44 
28.6 70 65 40 af 
35.8 46 42 38 33 
44.7 22 14 36 8 


Sed (observed) and ESR are experimentally determined (see the text). 
Sed (hct = 40) and ESR (Hct = 40) are the calculated corrected values. 


APPENDIX 


By using SAS for modeling, the best functional form of the 
kinetics of erythrocyte sedimentation is as follows: sedimentation = 
ay x t7/(a, + a, x t + t°) (equation 2), where t is the sedimentation 
time and the a’s are experimental parameters. For a cooperative 
phenomenon a, = 0. 

Two additional descriptive parameters can be derived from the 
three parameters in equation l. The first is the delay before 
sedimentation starts, ie, the length of phase 1. The second is the slope 
of the linear part of phase 2. These two entities are related to the 
parameters in equation 2: the slope is the value of the first derivative 
of equation 2 when the second derivative is equal to zero and the 
delay is the x-intercept of the straight line originating from the 
inflection point of this curve and having the calculated slope. 
Alternatively, these can be directly measured from the plot of the 
curves in Fig 1. Table | gives the values for these parameters for the 
curves from Fig I. 

The linear part (phase 2} of the sedimentation results as the 
spheres formed from the rouleaux fall in a viscous medium. The 
radius R of this sphere can be calculated from the Einstein-Stokes 
equation: R? = 9 v n/2(a, — o;)g (equation 3), where 7 is the plasma 
viscosity, o, is the plasma density, and g, is the red cell density. The 
densities and viscosities are literature” values, and v is the measured 
rate of sedimentation in the linear phase (phase 2). 

These radii can also be measured in the photomicrographs. Figure 
6 shows both the calculated and measured values for the radii as a 
function of Het for seven samples for a series of different Het values. 
Because the concentration of the bridging macromolecules was 
different in each series, the radius is expressed relative to that at Het 
35. There is an excellent agreement between calculated and mea- 
sured values. 
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Fig6. Radius of spherical aggregates as a function of Hct. The 
seven different symbols represent different blood samples. The 
radius is expressed relative to that observed at Het 35. 
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Localization of a Collagen-Interactive Domain of Human von Willebrand Factor 
Between Amino Acid Residues Gly 911 and Glu 1,365 


By Michel Kalafatis, Yukihiro Takahashi, Jean-Pierre Girma, and Dominique Meyer 


A collagen-binding domain of von Willebrand factor (vWF) 
has been identified in the central part of the molecule by 
comparing the binding properties of vWF and Staphylococ- 
cus aureus V-8 protease-generated vWF fragments with 
collagen. The binding of purified human vWF to human type 
lil collagen was found to be specific. At saturation, 38 to 
50.2 ug of vWF bound per milligram of collagen. Scatchard 
plots derived from binding isotherms demonstrated the 
presence of at least two classes of binding sites. Purified 
vWF was digested with S aureus V-8 protease into two 
complementary fragments (Spill and Spill). Spii, the C- 
terminal end of vWF (amino acid residues 1,366 to 2,050), 
was totally devoid of affinity for collagen. Contrarily, puri- 
fied Spill, the N-terminal part of vWF (residues 1 to 1,365), 


UMAN VON WILLEBRAND FACTOR (vWF) is a 
large plasmatic glycoprotein that participates at the 
site of vessel wall injury in platelet adhesion to subendothe- 
lium at high shear rates.’* This function appears to occur by 
the bridging of platelets to subendothelium components 
through several sites on vWF, each specific for a distinct 
receptor. Three systems have been presently identified. Two 
involve glycoproteins of the platelet membrane,’ ie, glycopro- 
tein Ib (GPIb)*’ and the GPHb/Hla complex, *" and 
require the presence of a specific agonist. The third binding 
site is located in the subendothelium, possibly on the collagen 
fibers. It has been established that native vWF spontaneously 
binds to collagen." 

In plasma, vWF appears as a set of multimers ranging 
from 0.5 or 1 to more than 15 x 10° daltons.'*'® Each 
multimer results from the association of disulfide-linked 
identical subunits composed of 2,050 amino acids with a total 
molecular weight (mol wt) of 275 kilodaltons (kd).'77! 

Several studies on the structure-function relationship of 
vWF have been performed, that are based on limited proteo- 
lytic degradation of the protein and the use of monoclonal 
antibodies (MoAbs) to vWF. These studies have allowed the 
separation and identification of several domains of vWF 
involved in its function(s). Using Staphylococcus aureus 
V-8 protease (V-8 protease) digestion of vWF, we previously 
established that the enzyme acted by a primary cut (Glu 
1,365 to Glu 1,366) in the vWF subunit.”’”’ This produced 
two dimeric fragments with a complementary sequence. The 
C-terminal fragment Spl has a mol wt of 215 kd unreduced 
and is composed of two identical chains of 110 kd (residues 
1,366 to 2,050). This fragment contains the VWF domain 
interacting with platelet GPHb/IHa after thrombin stimula- 
tion.” The complementary N-terminal fragment Spl has a 
mol wt of 320 kd unreduced and is composed of two 170-kd 
subunits (residues 1 to 1,365). SpIll specifically binds to 
platelet membrane GPIb in the presence of ristocetin’”” and 
retains the ability to promote platelet adhesion to purified 
collagen.” 

Comparison of tryptic”? and V-8 protease” digestion of 
vWF strongly suggested that a collagen binding domain was 
located in a central portion of the vWF subunit, between the 
GPIb and GPHb/IHa binding domains (amino acids 728 to 
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totally displaced vWF binding and specifically bound to 
collagen. At saturation, 25 to 45 ug of Spill bound per 
milligram of collagen. Scatchard plots demonstrated the 
presence of a single class of binding sites. Spill was further 
digested with the same enzyme to generate Spl, a 52- 
kilodalton fragment from the C-terminal part of Spill iresi- 
dues 911 to 1,365). Spi induced a dose-dependent inhibi- 
tion of both vWF and Spill binding to collagen. A series of 
six monoctonal antibodies against Spill that completely 
abolished vWF and Spill interaction with collagen also 
bound to Spl. In conclusion, Spl extending between amino 
acid residues 911 and 1,365 of vWF contains a specific site 
that interacts with human type fll collagen. 

© 1987 by Grune & Stratton, Inc. 


1,365). Pareti et al? recently showed, however, that a 
collagen binding site was located between residues 449 and 
728, the same 46-kd tryptic fragment that already contained 
a GPIb binding domain” and a heparin binding site.” 

To further characterize the collagen binding domains of 
vWF, we now have investigated the ability of purified Spl, a 
central fragment of the vWF subunit that does not bind to 
ristocetin-treated platelets,” to interact with collagen. Spl 
results from a slow, secondary cut by V-8 protease between 
residues Glu 910 and Gly 911. It corresponds to the C- 
terminal end of SpIH and is released as a monomeric 
fragment with a mol wt of 45 kd unreduced and 52 kd 
reduced. We report here competitive inhibition studies of 
vWF and SpHI binding to collagen and direct analysis of the 
interaction between collagen and vWF or vWF fragments. 
We also used MoAbs to vWF previously characterized as 
potent inhibitors of vWF binding to collagen, GPHb/ Ha, or 
GPib>* to establish that a functional site of the vWF 
subunit responsible for binding to collagen is located in the 
sequence of Spi between amino acid residues Gly 911 and 
Glu 1,365. 


MATERIALS AND METHODS 


vWF purification and digestion by V-8 protease. Human 
vWF was purified from factor YHI/vWF concentrates donated by 
the Centre National de Transfusion Sanguine, Paris, as described by 
Thorell and Blombäck.” The cryoprecipitate was gently dissolved in 
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distilled water at 37°C and extensively dialyzed against 25 mmol/L 
Tris-HCI, pH 7.4, 150 mmol/L NaCl, and 2 mol/L glycine. The 
precipitate was centrifuged at 10,000 g for 20 minutes at 10°C. VWF 
was isolated from the supernatant by gel filtration on Sepharose 
CL-4B (Pharmacia Fine Chemicals AB, Uppsala, Sweden) as 
already described.'’ Purified vWF was concentrated by precipitation 
with 40% saturated ammonium sulfate and stored at 80°C. Purified 
vWF contained 200 to 230 vWF antigen U/mg of protein. It 
appeared as a set of ten to 11 bands by sodium dodecyl sulfate (SDS) 
agarose—polyacrylamide gel electrophoresis. The concentration of 
fibrinogen and fibronectin in vWF preparations was less than 0.1% 
as estimated by radioimmunoassay. 

Proteolysis of vWF by V-8 protease (Miles Laboratories, Inc, 
Naperville, IL) and the purification of fragments Spl, -II, and -IH 
were carried out as previously described.”’* Spl was concentrated 
by dialysis using UH 100/10 membranes (Schleicher and Schiill, 
Dassel, FRG). 

Characteristics of the MoAbs to vWF. MoAbs to human vWF 
were produced and characterized as previously described." All 
were yl, « IgG fractions that were purified from ascites fluids as 
reported.” MoAbs were selected for their ability to specifically 
inhibit interaction of vWF with either platelets or collagen. MoAbs 
311, 322, and H9 block the binding of vWF and Spl] to ristocetin- 
treated platelets. MoAbs B200 through B205 inhibit the inter- 
action of vWF with type I collagen.’ Epitopes 311, 322, H9, and 
B200 to B205 were previously localized on Spl. MoAb 9 
abolishes the binding of vWF** and SplI” to thrombin-activated 
platelets and recognizes an epitope on SpIiL” In this study an 
unrelated MoAb to a mammary tumor glycoprotein was used as 
control IgG. 

Radiolabeling. vWF and fragments Spl, Spl, and Spl were 
labeled by the method of Fraker and Speck” with I (Amersham 
International, Amersham, England) and Iodo-Gen (Pierce Chemi- 
cal Co, Rockford, IL). Free iodide was separated by gel filtration on 
a Sephadex G-25 column (Pharmacia) or by extensive dialysis 
against Tyrode’s buffer (130 mmol/L NaCl, 2.6 mmol/L KCl, 12 
mmol/L NaHCO,, 5.5 mmol/L glucose, pH 7.2). The specific 
radioactivity of vWF and Spl, -H, and -IH varied from 0.18 to 4.5 
uCi/ug of protein. Labeled vWF and fragments were kept at 4°C 
and used within 24 hours after labeling. Labeled preparations of IgG 
had a specific radioactivity of 8 to 10 wCi/ug. Nonfibrillar collagen 
was labeled with Bolton-Hunter reagent.** Excess labeled reagent 
was eliminated by extensive dialysis against 0.1 mol/L acetic acid. 

Preparation of collagen fibrils. Lyophilized human nonfibrillar 
type IH collagen was purchased from Sigma Chemical Co, St 
Louis). This preparation was about 65% pure as determined by 
hydroxyproline analysis” using the content of hydroxyproline in type 
HI collagen previously reported by Miller and Gay.” It was about 
95% pure when analyzed by SDS--5% polyacrylamide gel electro- 
phoresis,*' which indicated the absence of contaminating proteins. 

Human type IH collagen fibrils were prepared from 3-mL aliquots 
of nonfibrillar collagen dissolved at 1 mg/mL in 0.1 mol/L acetic 
acid by extensive dialysis for 48 hours at 4°C against 20 mmol IL 
Na,HPO,, pH 7.5. The pellet of collagen fibrils was collected by 
centrifugation at 20,000 g for one hour at 4°C. It contained 95% to 
97% of the starting material as determined in control experiments by 
radioactivity counting using '”*I-collagen. Finally the collagen fibrils 
were resuspended in 20 mmol/L Na,HPO,, pH 7.5, by stirring at 
4°C for 16 hours. They were stored for up to 4 weeks at 4°C without 
apparent loss of activity. Denatured collagen was prepared just 
before use by heating aliquots of collagen fibrils at 80°C for one 
hour. 

Binding of vWF, Spl, and Spl to collagen. ‘I-labeled vWF or 
SpHI were centrifuged for three minutes at 10,000 g (Beckman 
Microfuge M12, Palo Alto, CA) immediately before use. Binding 
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assays were performed in Tyrode’s buffer containing 2% bovine 
serum albumin (BSA) (Tyrode’s-BSA buffer) at 22°C in 1.5-mL 
conical polypropylene tubes. The final mixture (0.2 mL) contained 
40 uL of a suspension of collagen fibrils (0.07 to 0.5 mg/mL), 20 uL 
of a solution of 1% NP40, 100 pL of serial dilutions of *I-ligand and 
40 uL of Tyrode’s-BSA buffer. The mixture was incubated for 45 
minutes at 22°C. Duplicate aliquots (75 uL) were layered onto 300 
uL of 25% sucrose in Tyrode’s-BSA buffer in 400-ul. conical 
polyethylene tubes and centrifuged for 15 minutes at 10,000 g. The 
tips of the tubes containing the pellet were cut with a scalpel, and 
associated radioactivity was counted in a 1260 multigamma I 
counter (LKB Instruments SA, Bromma, Sweden). Free '*I-ligand 
was also measured in the supernatant for each experimental point. 
Nonspecific binding was estimated as the radioactivity bound to 
heat-treated collagen. Specific binding was defined as total minus 
nonspecific binding. Scatchard plots were generated from the spe- 
cific binding curves. Binding parameters for vWF and Spl were 
calculated from experimental values assuming one binding site per 
subunit with mol wts of 275 and 170 ke, respectively. As established 
in control experiments using labeled collagen, more than 94% of the 
collagen fibrils were sedimented in the pellet under our binding assay 
conditions. 

The affinity of iodinated and unlabeled ligand (vWF or Spi) 
was compared in the binding assay according to the method 
described by Pareti et al,” using a constant concentration of ligand 
composed of various proportions of labeled and unlabeled protein. 
For each ligand, no significant difference in the binding behavior 
was observed within the range of specific radioactivities used in the 
present study, 

In some experiments, collagen-bound '*l-ligands were washed 
with Tyroce’s buffer and centrifuged for three minutes at 10,000 g. 
The supernatants were removed and the pellets dissolved for 30 
minutes at 37°C in 100 pL of 6 mol/L urea, 1% SDS, and 125 
mmol/L Tris-HCI buffer, pH 6.8. The suspensions were centrifuged, 
and supernatants containing 80% to 90% of the radioactive material 
were analyzed by SDS-~polyacrylamide gel electrophoresis followed 
by autoradiography. 

Binding of '**I-SpI to collagen was performed by using experimen- 
tal mixtures prepared as described in the binding assay with the only 
difference being that a constant amount of | g/mL (final concen- 
tration) of **I-ligand was incubated with various amounts (10 to 250 
ng/mL final concentration) of collagen fibrils. 

Inhibition of binding of '°I-vWF or '*1-SpIH (final concentra- 
tion, | ug/mL) to collagen by unlabeled proteins was performed by 
using a modified binding assay in which a constant amount of 
*]-ligand in Tyrode’s-BSA buffer premixed with serial dilutions of 
unlabeled vWF, Splll, SplIl. or Spl was added to the reaction 
mixture. Results were expressed by comparison with the specific 
binding of *I-ligand estimated in the absence of a competitor. 

When the effect of purified MoAbs (IgG) to vWF was analyzed 
upon '*I-vWF or '”I-SpI binding, increasing concentrations of 
IgG were preincubated for 30 minutes at 37°C with a constant 
amount of '*}-ligand, and the mixture was centrifuged for three 
minutes at 10,000 g before addition to the other reagents. The 
supernatant (100 uL) was incubated with collagen (final concentra- 
tions, | wg/mL of '*I-ligand, 100 ug/ml. of collagen). 

SDS-gel electrophoresis. SDS—polyacrylamide gel electrepho- 
resis was performed according to Laemmli? and Miller and 
Rhodes.*! Vertical slab gels were run at 80 V (constant voltage) for 
18 hours. SDS-agarose—polyacrylamide slab gel electrophoresis was 
performed as previously described.” Markers included low mol wt 
standards (Pharmacia), purified IgG (mol wt, 160 kd), fibronectin 
(mol wt, 440 kd), and IgM (mol wt, 900 kd). The gels were stained 
with Coomassie blue, dried, and autoradiographed at — 80°C using 
Kodak X-Omat S films and X-Omatic cassettes (Eastman Kodak & 
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Co, Rochester, NY). Alternatively, the gels were blotted onto 
nitrocellulose paper (Schleicher and Schiill),“ incubated with '*I- 
labeled MoAb IgG, and extensively washed with 0.15 mol/L NaCl, 
and the reactive proteins were visualized by autoradiography. 


RESULTS 


Binding of VWF to human collagen. Preliminary experi- 
ments established that the vWF-collagen interaction was 
rapid and reached a maximum within 30 minutes and that no 
significant modification of the equilibrium occurred for 24 
hours {data not shown). 

When increasing concentrations of purified ““I-v WF were 
used as the ligand, concentration-dependent and saturable 
binding to human fibrillar type IH collagen (100 ng/mL) 
was observed. In the experiment described in Fig 1, the total 
amount of bound vWF increased from 3.5 to 43.6 ug/mg of 
collagen. Nonspecific binding linearly increased and reached 
6.3 ng /mg of collagen at the highest vWF concentration. The 
binding parameters derived from Scatchard analysis of the 
specific binding curve indicated that two classes of binding 
sites were involved in vW F-collagen interactions (Fig 1). At 
saturation, the maximal binding of vWF was 43 ug/mg of 
collagen comprising 10 «g/mg with an apparent high affinity 
Kp of 1.8 g/mL, and 33 ug/mg with an apparent low 
affinity Kp of 39 ug/mL. Similar results were obtained in 
two other experiments using lower concentrations of collagen 
(15 and 50 ug/mL) and different preparations of labeled 
vWF (Table 1). 
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Fig 1. Binding of purified ‘““i-vWF to collagen. Increasing 
amounts of *I-vWF (final concentrations, 1.2 to 300 ug/ml) were 
incubated at 22°C with a suspension of human type HI collagen 
fibrils. After 45 minutes the collagen-associated radioactivity was 
separated from free ‘"I-ligand by centrifugation (15 minutes. 
10,000 g) as described in Materials and Methods. In this experi- 
ment, '*l-vWE had a specific radioactivity of 0.9 x 10° cpm/ gug, 
and the final concentration of collagen was 100 ug/mL. Specific 
binding (CJ) was estimated by subtracting nonspecific {O} from 
total binding (@). Nonspecific binding was measured by using 
heat-denatured collagen. The inset shows the Scatchard plot 
derived from the specific binding values. 
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Table 1. Parameters of Binding of '*I-vWF to Human Fibriliar 





Type li Collagen 
Bound '*°1-vWF 
(10"* sites/mg Collagen) Ko 
Experiment Collagen High Low a er 
No, (ug/ml) Total Affinity Affinity Ka Ki 
1 15 0.83 0,15 0.68 0.33 10.7 
2 50 1.1 0.22 0.88 1.0 zi 
3 100 0.94 0.22 0.72 0.68 14 


Parameters were calculated from Scatchard analysis of the binding 
isotherms and assuming one binding site per VWF suburat with o mol wt 
of 275 kd. 


Binding of SplH to human collagen. Binding data 
obtained using 100 we /mL of collagen and increasing con- 
centrations of '*1-SpIII (from 1.2 to 300 ng/mL) are shown 
in Fig 2. Total binding increased from 0.4 to 26.7 ug/mg of 
collagen. Nonspecific binding linearly increased and reached 
4 ug bound/mg of collagen at the highest SpHI concentra- 
tion. Scatchard analysis of the specific binding curve (Fig 2) 
indicated that saturation was obtained when 31 ag Spill 
bound/mg of collagen and that a single class of sites existed 
for SpHI with an apparent Kp of 97 pg/mL. Similar results 
were observed in four separate experiments using different 
concentrations of collagen and various preparations of 
labeled Spl (Table 2). 

Inhibition of binding of vWF and Splll to collagen by 
specific MoAbs to vWF. In these experiments selected 
MoAbs to vWF were tested to identify the domain on SpHI 
and vWF involved in binding to collagen. As illustrated on 
Fig 3, MoAbs 9 and 322 had no significant inhibitory effect 
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Fig 2. Binding of purified ‘*I-Splli to collagen. increasing 
amounts of 'I-Splll (final concentrations, 1.2 to 300 g/ml.) were 
incubated with human fibrillar type fl collagen at 22°C for 45 
minutes. In this experiment, '"I-Splll had a specific radioactivity of 
0.6 x 10° cpm/ ug, and the final concentration of collagen was 100 
pg/mL. Specific binding (4) was estimated as described in the 
legend of Fig 1. The inset shows the Scatchard piot derived fram 
the specific binding values. 


1580 


Table 2. Parameters of Binding of *I-Splll to Human Fibrillar 





Type lli Collagen 
Experiment Collagen Bound '**1-Spill Ko 
No. (g/mL) (10"* Sites/mg Collagen) (10°" mol/L) 
1 15 1.1 35 
2 20 1.6 38 
3 50 0.9 59 
4 100 1.1 57 





Parameters were calculated from Scatchard analysis of the specific 
binding curve and assuming one binding site per Spill subunit with a mol 
wt of 170 kd. 


upon '*I-vWF or '*I-Splil binding to collagen. Similar 
results were obtained when using MoAbs H9 and 311. In 
contrast, MoAbs B200 to B205, directed towards SpHI and 
known to inhibit '*I-vWF binding to collagen, also decreased 
in a dose-dependent manner the binding of '*I-Splll to 
collagen. These results were confirmed in four separate 
experiments in duplicate. 

Localization of a collagen binding domain on Spl by 
using competitive inhibition and direct binding. Purified 
Spl, -II, and -HHI fragments produced by selective V-8 
protease digestion of VWF were compared with purified VWF 
for their ability to competitively inhibit binding of '*I-vWF 
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Fig 3. Effect of MoAbs to vWF upon binding of ‘*i-vWF or 
Spill to collagen. Preincubation of “*I-ligand (1 ug/ml, final 
concentration) with increasing concentrations of MoAb IgG was 
performed as described in Materials and Methods with 100 g/mL 
of human fibrillar type ill collagen. In this experiment, the total 
count in 75-uL aliquots was ~710,000 cpm for ‘*I-vWF and 
~480,000 cpm for '*1-Spill. In the absence of IgG, total binding was 
18% for VWF and 13% for Spill. Nonspecific binding (3,000 and 
1,000 cpm, respectively) did not vary with the concentration of IgG 
added, and it was subtracted from total binding to estimate 
specific binding (>). Results are expressed as percentages of 
inhibition of specific binding estimated in the absence of IgG. 
“1 -ligand was incubated with MoAb B203 (Ml), MoAb 9 (@), MoAb 
322 (O), or control MoAb IgG (4). 
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or SpHI to collagen (Fig 4). When '*I-vWF was used as the 
ligand, complete inhibition of binding was observed with 
three of the competitors, ie, VWF, SpHI, and Spl. Half- 
maximum inhibition was reached with 1.5 ug/mL vWF, 105 
ug/mL Spill, and 150 g/mL Spl, which corresponds to 5.5, 
620, and 2,900 nmol/L, respectively. In contrast, even at 500 
ug/ml, Spll was unable to compete for the binding of 
'*|-v WF to collagen. Similar experiments using '“I-SplI as 
the ligand confirmed the presence of interactive sites of VWF 
with collagen on SpIH as well as on Spl (Fig 4). Binding of 
'31-SpHI was fully abolished by vWF and by Spl It was 
also almost completely inhibited at the highest concentration 
(300 ug/ml) of Spl usec. Half-maximum inhibition induced 
by each competitor was reached with 1.0, 40, and 90 uwg/mL, 
respectively, which corresponds to 3.6 nmol/L for vWF, 235 
for Spl, and 1,730 for Spi. Spl at concentrations up te 500 
ug/mL did not modify the binding of '**1-SpIII to collagen. 
‘1-Spl was also tested for its capacity to bind directly to 
collagen. When using various concentrations (between 10 
and 250 ug/mL) of collagen and a constant concentration of 
1 -ligand (1 wg/mL), a low but significant and reproducible 
specific binding of Sp! to collagen occurred. The total 
binding linearly increased from 0.1 + 0.05% to 2 + 0.2% 
(mean + SD, n = 5) of the added '*'I-SpI as compared with a 
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Fig 4. Inhibition of binding of *l-vWF and '*1-Splil (1 g/mL. 


final concentration) to human collagen by unlabeled vWF or by 
fragments Spi, Spii, and Spill. In this experiment, human fibrillar 
type Hi collagen (100 g/mL, final concentration) was added at 
22°C to a mixture of either '*l-vWF (9.7 x 10° cpm/nug, top panel) 
or '*-Splll (7 x 10° cpm/pg. bottom panel) with increasing 
concentrations of unlabeled protein. After 45 minutes, 75-uL 
aliquots of each sample that contained ~680,000 and ~520.000 
cpm, respectively, were centrifuged in duplicate through 25% 
sucrose as described in Materials and Methods. In the absence of a 
competitor, the total binding was 23.6% of the applied radioactiv- 
ity for '*l-vWE and 11% for '*1-Splll. In both cases nonspecific 
binding was ~0.7% and did not vary with the concentrations of 
unlabeled protein added. Results are expressed as percentages of 
inhibition of specific binding estimated in the absence of competi- 
tor. -ligand (vWF or Spill) was incubated with vWF (@), Spill 
{(2}. Spt (O), or Spit (a). 
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nonspecific binding linearly varying from 0.02 + 0.02% to 
0.4 + 0.08%. 

Localization of a collagen binding domain on Spl by 
using MoAbs to vWF. The presence of a collagen binding 
domain on purified Spl was confirmed by SDS—polyacryl- 
amide gel electrophoresis followed by immunoblotting with 
labeled MoAbs to vWF (Fig 5). Purified Spl migrated as a 
single band with a mol wt of 45 kd (Fig 5, left lane). After 
blotting, Spl reacted with labeled MoAb B203 (Fig 5, right 
lane). Similar results were obtained when using the other 
MoAbs from the same series (B200 to B205) that are known 
to be specific for the collagen binding domain of vWF and 
Spi. In contrast, epitopes 9 and 322 were not detectable on 
Spl (Fig 5). 


DISCUSSION 


Our present data, which were obtained using purified 
fragments Spl, SpH, and SpHI isolated after V-8 protease 
digestion of vWF, now provide direct evidence that a site 
specific for collagen is located in the central part of the VWF 
subunit on fragment Spl between residues 911 and 1,365. 

The localization of collagen-interactive sites on Splll, a 
dimer of the N-terminal end of vWF (residues 1 to 1,365) 
already known to bind to platelet GPIb,”’ was clearly estab- 
lished by showing specific saturable binding of this fragment 
to type IH collagen. In addition, the competitive inhibition of 
'251.yWF binding by SpIII and of '™T-SpIH binding by vWF 
strongly suggests that these two species share the same 
binding domains for collagen. These data are in agreement 
with previous results showing that SpIH may substitute for 
vWF in promoting platelet adhesion to collagen at high shear 
rates.*° Conversely, Spil, a dimer of the C-terminal end of 
vWF extending from residues 1,366 to 2,050,” demonstrated 
no ability to interact with collagen by either direct binding 
assays or competitive inhibition studies. Accordingly, Spl 
has been shown to have no effect upon platelet adhesion to 
collagen even though it contains a specific binding domain 
for platelet GPHb/ Ha. 

The localization of collagen-interactive sites on the VWF 
subunit relies upon the use of MoAbs to vWF B200 to B205, 
which are specific for Splll and markedly inhibit vWF 
binding to type I° and type II collagen. Our data show that 
the occupancy of the corresponding epitopes on SpHI or on 


Ai AL AL 
MAb MAb MAB 


CBee 9 322 8203 
-3 


MW x10 
By 





Fig 5. Localization of a 
vWF domain interacting with 
collagen by using specific 
MoAbs to vWF. After SDS- 
polyacrylamide (7.5%) gel elec- 
trophoresis, Spi was stained 
with Coomassie blue (C.Blue) 
or transfered onto nitrocellu- 
lose paper and displayed by 
using 'l-igG from MoAb 9, 
MoAb 322, or MoAb B203. The 
position of the mol wt markers 
is indicated on the left. 
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vWF produced in both cases a total inhibition of binding of 
the corresponding proteins to collagen. We showed as a 
control that MoAbs to Spill that interfered with binding of 
Spill and vWF to platelet GPIb (MoAbs 311, 322, H9) or 
MoAbs to SplI that blocked binding of Spll or vWF to 
GPIIb/IIIa (MoAb 9) had no significant effect upon the 
interaction of vWF or Splll with collagen. A more precise 
localization of a specific domain for collagen on the vWF 
subunit came from results of previous experiments using V-8 
protease or trypsin vWF degradation fragments” as well as 
specific MoAbs to vWF epitopes involved in binding to 
platelet GPIb, GPIIb/IHa, or collagen. We had recently 
hypothesized that a domain interacting with collagen was 
located in the central portion of the VWF subunit between the 
N-terminal GPIb binding site and the C-terminal GPHb/ 
la binding domain.”' This hypothesis is now confirmed by 
Our experiments using purified Spl. This monomeric frag- 
ment produced by secondary V-8 protease digestion of yW F 
corresponds to the C-terminal part of SpH (residues 911 to 
1,365) in the central part of the vWF subunit.” Our findings 
establish that Spl totally abolishes the interaction of '*°I- 
vWF and '”I-SpIH with fibrillar human type HI collagen. 
Similar results were observed when using equine type | 
collagen (not shown). In addition, our data dernonstrate that 
MoAbs B200 to B205, which are known to block vWF 
binding to collagen and to bind to Splll, also recognize 
epitopes located on Spl. We thus conclude that a domain of 
vWF on Spl accounts for vWF ability to interact with 
collagen. Our results are in apparent conflict with those 
recently shown by Pareti et al using tryptic digestion of 
vWF.” These authors showed that a proteolytic fragment of 
the vWF subunit (residues 449 to 728), which was able to 
bind to GPIb™ and to heparin,” also contained a domain 
specific for binding to type I collagen.” More recently, using 
cyanogen bromide fragmentation of reduced and alkylated 
vWF, Roth et al“ showed that two sequences, extending 
from residues 542 to 622 and 948 to 998, respectively, 
appeared to interfere with the binding of vWF to collagen.” 
Combination of these results thus strongly suggests the 
presence of at least two binding sites for collagen on each 
vWF subunit, one in the N-terminal portion and the other in 
the central part of the vWF subunit. 

The relative importance of both domains in the function of 
native VWF remains to be clarified. Comparison of their 
affinity for collagen is speculative because vWF fragments 
isolated after enzymatic degradation may not clearly reflect 
the function of the corresponding sequences in a native 
conformation. In the present study, we observed that SpHI, 
which contains both functional sequences, exhibited a single 
type of binding site for collagen. These results strongly 
suggest that the two domains have a similar efficiency in 
binding. Other lines of evidence suggest that binding of vWF 
to collagen requires the presence of both sequences on the 
molecule and that the two sites do not act independently. We 
thus observed that purified SpE, which apparently contains a 
single domain, had a low affinity for type IH collagen, 
thereby preventing an accurate estimation of its binding 
parameters. Nevertheless, this fragment kept the ability to 
totally inhibit the binding of species containing both active 
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sequences like vWF or Spl. Our hypothesis is further 
supported by comparing our data of inhibition of binding to 
collagen by MoAbs to vWF with those recently shown by 
Pareti et al.” These authors found that blocking one epitope 
between residues 449 and 728 totally inhibited the binding of 
vWF to collagen, whereas we observed that blocking a single 
epitope between residues 911 and 1,365 (Spl) also totally 
abolished binding of vWF, again suggesting that an interac- 
tion between both sites is required for binding of vWF to 
collagen. 

The present study also clearly defines the parameters of 
vWF binding to human type HHI collagen. We established 
that its is specific and saturable. Analysis of the binding 
isotherms demonstrated a biphasic Scatchard plot suggesting 
the presence of at least two types of interactions. One 
possibility is the presence of two binding sites with distinct 
affinity on collagen. vWF subunits may either bind with a 
high (~1 vWF subunit per 100 to 140 collagen trimers) or a 
lower affinity (~I vWF subunit per 20 collagen trimers). 
These values are consistent with those found by others?” 
using different types of collagen. However, the two types of 
binding to collagen were only found under our experimental 
conditions using human type III collagen. An alternative 
model should be considered because of the multivalency of 
the vWF multimers. At low vWF concentrations, ie, an 
excess of binding receptors on collagen, one may assume that 
all the VWF subunits in one multimer are bound. Thus, as in 
the previous model, the mol wt of the ligand molecule would 
be that of the vWF subunit. The Kp value and number of 
receptors would be those previously determined for the 
high-affinity sites. In contrast, at saturating concentrations 
of vWF, one would expect that a bound multimer would be 
attached only through one subunit. The other subunits linked 
by disulfide bridges would be an accurate indication of the 
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mass of vWF bound to collagen but would lead to an 
overestimation of the vWF subunit directly bound to the 
receptor. Thus a more accurate estimation of the maximal 
number of receptors on collagen would be reached by using 
the average mol wt of the VWF multimers previously estab- 
lished.” Using this assumption we found that at saturation 
only one vWF molecule bound per 130 to 172 collagen 
trimers. This is in close agreement with the number of vWF 
molecules bound to collagen trimers experimentally deter- 
mined for the high-affinity binding sites. Further evidence to 
support this model is that the homogeneous SpH! molecule 
that contains the vWF sequences for the putative collagen 
binding receptors demonstrates only a single type of affinity 
by Scatchard analysis. Thus, these results suggest that a 
single type of vWF receptors exists on collagen and that the 
biphasic Scarchard plot is probably related to the hetero- 
geneity of the multimer size of this large protein. 

In conclusion, the present study demonstrates that a 
collagen interactive site exists in the central part of the vWF 
subunit, Spl, located from residues 911 to 1,365 in between a 
previously located N-terminal fragment binding to GPIb, 
heparin, and collagen?””***** and a C-terminal fragment 
previously shown to bind to GPHb/IHa.” We do not yet 
know the relative importance of the two collagen binding 
domains in the function of native vWF. Such information 
would require a more precise determination of the effect of 
selected MoAbs upon ccllagen-vWF interactions. 
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Expression of c-ab/ in Philadelphia-Positive Acute Myelogenous Leukemia 


By Razelle Kurzrock, Mordechai Shtalrid, Moshe Talpaz, William S. Kloetzer, and Jordan U. Gutterman 


The identical cytogenetic marker, t(9;22)(q34:q11) (Phila- 
deiphia [Ph] translocation), is found in approximately 90%, 
20%, and 2% of adult patients with chronic myelogenous 
leukemia (CML), acute lymphoblastic leukemia (ALL), and 
acute myelogenous leukemia (AML), respectively. In CML, 
the molecular events resulting from the Ph translocation 
include a break within the bcr locus on chromosome 22, 
transfer of the c-ab/ protooncogene from chromosome 9 to 
22, and formation of an aberrant 210-kD ber-abi fusion 
protein (p210°"*”). Recently, the absence of ber rear- 
rangement ‘and expression of a distinct aberrant 190-kd 
abi protein (p190°*”) has been described in Ph-positive 
ALL, with the suggestion that the two abl variants may be 
pathogenetically associated with myeloid v lymphoid leuke- 


NE OF THE MOST STRIKING examples of the 
association between a specific cytogenetic aberration 
and activation of a cellular protooncogene occurs in chronic 
myelogenous leukemia (CML). In 1960, Nowell and Hun- 
gerford' made the seminal discovery of a consistent chromo- 
somal aberration—the Philadelphia (Ph) chromosome—in 
CML. The Ph chromosome is a shortened chromosome 22 
resulting from a reciprocal translocation, t(9;22)(q34;q11).’ 
Molecular analysis has revealed that the 22q11 breakpoint 
occurs within a breakpoint cluster region (dcr) spanning 
about 5.8 kilobase (kb).’ Importantly, the c-ab/ protoonco- 
gene is transferred from its normal residence on chromosome 
9 to chromosome 22‘ in juxtaposition to the 5’ ber sequences 
that remain on the latter chromosome. The resulting fused 
ber-abl gene expresses a novel 210-kD protein’; the normal 
c-ab/ counterpart is a 145-kD protein.® The aberrant 210-kD 
bcr-abl fusion protein (p210""*”) is active as a tyrosine 
phosphokinase,”* a property of potential fundamental impor- 
tance to CML because this enzymatic activity has been 
associated with the ability of several oncogenes and growth 
factors to exert their effects. Rearrangement of ber and 
expression of a bcr-ab/ message occur in virtually all patients 
with CML’ but not in patients with other hematologic 
disorders, strongly implicating these molecular events in the 
pathogenesis of CML. 
Approximately 20% of adult patients with acute lympho- 
blastic leukemia (ALL) also carry the t(9;22)(q34:q11) 
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mogenesis. Here we report that the genomic configuration 
and translation product of Ph-positive AML can be similar 
to that of Ph-positive ALL: the break at 22q11 may occur 
outside the 5.8 kb ber region and result in expression of a 
190-kD ab/ protein lacking these bcr sequences. Phospho- 
kinase enzymatic activity, a fundamental property of 
p210°"*"" was also associated with AML-derived p190°™, 
Our currant observations indicate that p190°*” can be 
found in cells of lymphoid or myeioid lineage and is there- 
fore unlikely to play a specific role in the development of 
lymphoid leukemias. Formation of p190°** instead of 
p210°"*" appears to be a characteristic of the acute rather 
than the chronic Ph-positive leukemic state. 

© 1987 by Grune & Stratton, Inc. 


anomaly." Several investigators have shown molecular hete- 
rogeneity of chromosome 22 breakpoints in Ph-positive 
ALL*"!; at least one half of reported patients do not have 
rearrangement within the 5.8-kb dcr locus. The break at 
22qil may occur between the ber and C, region of the 
immunoglobulin light-chain cluster gene. Recently, our 
laboratory’ and others'*"* have demonstrated a novel aber- 
rant 190-ED c-abl protein (p190°) in ber rearrangement- 
negative, Ph-positive ALL; p210°" was not found. Presum- 
ably, p190°” results from recombination of c-ab/ with a 
DNA segment upstream of the 5.8 kb ber locus. Based on 
these results, it appeared that subtle alterations in genomic 
configuration relative to the bcr region may correlate with 
distinct disease phenotypes. A question that arose is whether 
the generation of pl90°™ y p210% is associated with the 
development of a lyphoid as opposed to myeloid phenotype 
or, alternatively, of an acute rather than a chronic leukemic 
process. One approach to dissecting these possibilities was to 
study samples from patients with a rare leukemia subtype— 
Ph-positive acute myelogenous leukemia (AML). In this 
paper, we demonstrate absence of ber rearrangement in a 
Ph-positive AML patient and expression of a 190-kD c-abl 
protein indistinguishable from that found in ber rearrange- 
ment—negative, Ph-positive ALL patients. Our results indi- 
cate that p190°" is not specific for the lymphoid phenotype 
but instead may be important in the manifestation of an 
acute rather than chronic Ph-positive leukemic process. 


PATIENT AND METHODS 


Case report. In May 1986, patient V1 presented with Ph- 
positive AML. Her past medical history included a diagnosis of 
carcinoma of the right breast in 1965. She underwent mastectomy 
and postoperative chest wall irradiation (5,000 rad). In 1970, a left 
breast carcinoma was found and subsequently removed by mastecto- 
my. She returned to M.D. Anderson Hospital and Tumor Institute 
every 4 to 6 months for follow-up evaluation. As part of each visit, a 
CBC was done. In January 1986, the blood counts were normal: 
WBC count, 6 x 10°/uL with a normal differential count; hemeglo- 
bin, 12.7 g/dL; platelet count, 226 x 10°/uL. At the time of her 
routine return appointment in May 1986, she felt well. There was no 
evidence of recurrent breast cancer. Surprisingly, laboratory tests 
revealed a grossly elevated WBC count of 179 x 10?/uL with 94% 
blasts. Her hemoglobin content was 8.1 g/dL; platelet count, 28 x 
10°/uL; and leukocyte alkaline phosphatase score, 5% (norma! 
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range, 40% to 225%). A bone marrow aspirate and biopsy specimen 
revealed a cellularity of 95% with 84% blasts. There was no 
peripheral blood or bone marrow basophilia. The majority of the 
bone marrow cells stained positive for myeloperoxidase, consistent 
with a diagnosis of AML. Reactivity with monoclonal antibody 
against the differentiation marker My4 was about 50% positive. Cell 
surface markers for OKT1!1 (T cell surface marker) and surface 
immunoglobulin (B cell marker) were negative. These results as well 
as morphological analysis of the bone marrow by light and electron 
microscopy indicated a diagnosis of M4 (myelomonocytic) subtype 
of AML. (French-American-British classification). Karyotype anal- 
ysis (Giemsa-stained chromosomes) revealed a hyperdiploid (51 to 
87 chromosomes) Ph-positive clone in 25 of 25 (100%) bone marrow 
metaphases. The patient was treated with high-dose cytosine arabi- 
noside and achieved complete hematologic remission after one 
course. However, the aberrant cytogenetic clone persisted in 10% of 
the cells. The patient remains in hematologic remission at 6+ 
months. Blood for molecular studies was obtained immediately 
before initiating chemotherapy and stored at — 70°C until analysis. 
Informed consent, in accordance with institutional guidelines, was 
obtained for chemotherapeutic procedures and for drawing blood. 

Antisera. Rabbit antisera were made against the following 
peptides: the predicted hydrophilic v-ab/ sequence DEVE- 
KELGKRGTRGG-C (abi 389-403); the predicted high-term poten- 
tial domain of c-ab/ (Chou-Fasman predictive model for protien 
secondary structure, KENLLAGPSENDPN-C (abi-3); the region 
DDESPGLYGFLNV-C (bcr3) within Ser exon 3; and the NH,- 
terminal peptide sequence | to 17 derived from the Heisterkamp et 
al ber sequence (berl). The methodology has been previously 
reported in detail by Kloetzer et al.’ 

DNA analysis. DNA was prepared by cell lysis, proteinase K 
digestion, phenol /chloroform extraction, and ethanol precipitation. 
DNA was analyzed by restriction enzyme digestion, Southern 
blotting, and hybridization of filters to nick-translated probes. The 
methodology was identical to that previously used in our labora- 
tory.? A 3’, 1.2-kb ber (HindIII-Bgil}) plasmid probe (Oncogene 
Sciences, Inc, Mineola, NYY and a F, 0.45-kb (EcoRI/Pstl frag- 
ment) ber cDNA probe (donated by E. Canaani)'* were used. 

Immune complex kinase assays. Proteins from blood samples 
were analyzed by the immune complex kinase assay (ICKA) under 
identical conditions to those previously described by our labora- 
tory.” K562 cells (CML erythroid blast crisis cell line) were assayed 
as controls. 


RESULTS 


Analysis of leukemia cells for ber rearrangement. To 
determine whether bcr rearrangement was present in patient 
samples, we performed Southern blotting and hybridization 
with a 3’, 1.2-kb (HindIH-Bg/ll) genomic ber probe. 
Hybridization of blots of BamHI-, Bglll, HindII-, and 
EcoRI-digested DNA did not reveal rearrangement within 
ber in Ph-positive AML patient V1 (Fig 1, even lanes). In 
contrast, Fig 1 (odd lanes) illustrates rearranged bands in 
BamHI-, Belli, and EcoRI-digested, Ph-positive, CML- 
derived DNA. Because a DNA deletion in the segment 
encompassing the sequence of the 3’ ber probe could result in 
a false-negative result for bcr rearrangement in AML patient 
V1,'* we probed the filters with a 5’ (EcoRI /Psrl fragment) 
ber probe. Rearrangement in ber was not observed (data 
not shown). 

Analysis of c-abl protein expression. To study c-abl 
protein expression, we perform ICKAs. This assay can detect 
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Fig 1. Southern blots of DNA extracted from Ph-positive 
leukemia patients and hybridized with a 3’, 1.2-kb (Hindili? Bgm} 
genomic ber probe (Oncogene Sciences). Restriction enzymes 
used were BamHI (lanes 1 and 2), Bgill (lanes 3 and 4), Hindi 
(lanes 5 and 6), and EcoRi (lanes 7 and 8). Odd lanes, Ph-positive 
CML. patient; even lanes, Ph-positive AML patient YL 


abl-related proteins because they are enzymatically active as 
phosphokinases. Consistent with our previously published 
results,’ anti~ab/389-403 serum and anti-bcr3 serum 
detected p210°"*” in extracts from the K562 CML. blast 
crisis cell line (Fig 2A, lanes 1 and 3). To demonstrate that 
p210 is ber-abl specific, we preincubated each of the antisera 
with the peptide against which they were made (Fig 2A, 
lanes 2 and 4). This procedure results in blocking of 
antisera-specific bands but not nonspecific background phos- 
phorylation. To date, we have studied fresh samples from 16 
Ph-positive CML blast crisis patients (myeloid blast crisis, 
ten patients; lymphoid, five patients; undifferentiated, one 
patient); all patients produced p210°” (Fig 2A, lanes 5 and 6; 
data not shown).'? We have recently demonstrated that a 
Ph-positive ALL patient without dcr rearrangement 
expresses a distinct aberrant p190° rather than p210”"0", 
The mRNA encoding p190°% lacks at least some ber 
sequences and is smaller (7.4 kb) than the 8.5-kb CML- 
derived ber-ab/ transcript. As shown in Fig 2A (lanes 7 and 
9), ber rearrangement—negative AML patients VI does not 
produce p210°" despite the presence of the Ph transloca- 
tion; however, a 190-kD abl-related protein is detected by 
two anti-ab/ sera (Fig 2A, lane 7, and Fig 2B, lane 1). Figure 
2B (lanes | and 3) demonstrates that the ab/-related product 
of AML patient V1 comigrates with the p190°°" of a 
Ph-positive bcr rearrangement—negative ALL patient.” Sim- 
ilar to the situation in ALL,'? AML-derived p190-% is not 
detected by anti-bcr3 serum directed against ber exon 3 (Fig 
2A, lanes 9 and 10) or by anti-bcri serum directed against the 
most 5’ portion of the Heisterkamp ber sequences” (data not 
shown). 

A 190,000—molecular weight (mol wt) band is also 
observed in K562 cells (Fig 2A, lanes 1 and 3). This band 
may represent a second translational product of ber-ab/ or a 
proteolytic fragment of p210°"” The pl90° of AML 
patient V1 is distinct from the 190,000-mol wt band of 
Ph-positive CML cells because anti-bcr serum clearly recog- 
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Fig2. ICKAs. (A) Cells used were as follows: lanes 1 to 4, K562 cells (CML blast crisis cell line): lane 5, CML lymphoid blast crisis 
patient: lane 6, CML myeloid blast crisis patient; lanes 7 to 10, Ph-positive, ber réarrangement—nagative AML patient V1; lanes 11 and 12, 
Ph-negative AML patient. Antisera used were as follows: lanes 1, 2, 7, 8, 11, and 12, anti~ab/389-403; lane 5, anti-ab/3; lanes 3, 4, 6, 9, and 
10, anti-bcr3. Blocking and antisera with cognate peptide was performed in lanes 2, 4, 8, 10, and 12. (B) Cells used were as follows: lanes 1 
and 2, Ph-positive, bcr rearrangement—negative AML patient V1; lanes 3 and 4, Ph-positive, ber rearrangement—negative ALL patient. The 
antiserum used was anti-ab/3 in all lanes. Blocking of antisera with cognate peptide was performed in lanes 2 and 4. 


nizes the latter protein (Fig 2A, lanes 3 and 6). Of course, 
because of their similar mol wts, we cannot rule out the 
possibility that CML patients produce p190°” in addition to 
p190°7, Similarly, the 170,000—mol wt band in Ph-positive 
ALL cells (Fig 2B, lane 3) and the 160,000—mol wt protein in 
Ph-positive AML patient V1 (Fig 2B, lane 1) may also 
represent proteolytic fragments or additional translational 
modifications of the ab/ product. 


DISCUSSION 


The end stage of CML, termed blast crisis, strongly 
resembles Ph-positive acute leukemia: the leukemic cells lose 
their capacity for terminal differentiation, and similar clini- 
cal characteristics and laboratory parameters are observed,” 
Further, occasional chemotherapy-induced transition of Ph- 
positive ALL and AML to CML is well documented.”! Based 
on these observations, it has been postulated that the disease 
of some patients presenting with Ph-positive acute leukemia 
actually represents the blast transformation stage of CML, 
which escaped diagnosis during its early, often asymptomatic 
chronic phase. Even so, it seems likely that at least some 
ALL and AML patients with t(9;22) have a bona fide acute 
presentation. Because Ph-positive acute leukemia and CML 
are similar but retain some distinct features, it may be that 
related but not identical molecular events are involved in 
their pathogenesis. 

Interestingly, some ALL patients carrying a t(9-:22), 
which is cytogenetically indistinguishable from that found in 
CML, do not have bcr rearrangement.*'' Our work? as well 
as that of other groups’*'* has revealed a novel c-ab/ 
protein—p190°*—in Ph-positive, ber rearrangement—nega- 
tive ALL patients; p210*7% is not expressed. In the current 
report, we demonstrate that the Ph tranlocation in AML can 
also be associated with a 22q11 break outside of the ber locus 
and production of p190% without an accompanying 
p210’""", Our data suggest that p190% differs from 
p210°7 by virtue of the absence of bcr sequences in the 
N-terminal of the former protein. Similar to the situation in 
ALL,” AML-derived p190°* is enzymatically active as a 


protein kinase, an observation consistent with a direct role 
for this aberrant protein in the malignant process. A litera- 
ture review (Table 1) revealed that about 95% of Ph-positive 
CML patients (including at least 20 blast crisis patients)” 
but fewer than 50% of Ph-positive acute leukemia patients 
have ber rearrangement. Further, p210% appears to be 
expressed in all chronic” and acute leukemia patients'? with 
ber rearrangement. Although the two molecular subgroups 
of Ph-positive acute leukemia have similar clinical and 
morphological features, ™' their distinct genomic configura- 
tions may have biologic relevance. The presence of ber 
rearrangement makes Ph-positive acute leukemia virtually 
indistinguishable from CML blast crisis” and suggests a 
single disease state, with the acute leukemia representing the 
blast transformation phase of subclinical CML. Conversely, 
Ph-positive dcr rearrangement—negative ALL and AML 
may reflect true de novo acute leukemia as evidenced by the 
following: (a) bcr rearrangement negativity is almost never 
found in CML and (b) p190°” without p210°" appears to 
be associated exclusively with the the acute leukemia pheno- 
type. This concept is supported by our current observations 
because a preceding undetected CML state can be ruled out 
in our Ph-positive, ber rearrangement~negative AML 
patient because of the fortuitous availability of normal blood 
counts obtained 4 morths before diagnosis. Analysis of 
additional patients will be needed to strengthen the general- 
ity of these concepts. However, our data suggest that the 
presence or absence of proximal ber sequences attached to 
c-abl may modulate this gene’s tumorigenic potential for 
chronic v acute leukemogenesis. 

Despite the presence of p190°” instead p210""", the 
subgroup of ber rearrangement—negative, Ph-positive acute 
leukemia patients bears a close clinical resemblance to ber 
rearrangement—positive, Ph-positive acute leukemia pa- 
tients,'™"! and as mentioned earlier, both subgroups resemble 
CML blast crisis.” The molecular events leading to the 
inevitable malignant evolution of CML from a chronic to an 
acute leukemia phenotype remain largely unexplored; how- 
ever, because ber rearrangement is found in the early benign 
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Table 1. Summary of Studies Analyzing Ph-Positive Leukemia Patients for ber Rearrangement 








danh bbe WAAAAALA AMAA RRA SaaS Aan na Ram mcm mma, 


Type of No. of Patients No. of Patients 
Leukemia Source Analyzed With ber Rearrangerneant (%) 
CML Groffen et al? 17 17 
Popenoe et al”? 14 10 
Collins” 20 20 
Shtairid et al”? 72 70 
Totals 123 117 (95) 
ALL Rodenhuis et alf 2 0 
Erikson et al? 5 2 
de Klein et al" 14 9 
Kurzrock et al’*** 6 2 
Clark et al? 4 0 
Chan et ai’ 4 1 
Totals 35 14 (40) 
AML Erikson et al? 1 1 
Kurzrock et al (current report) 1 0 
Totals 2 1 (50) 





phase, it seems likely that superimposed secondary genetic 
events are required. If expression of p190% without 
p210*"' is associated with an acute leukemic state remark- 
ably similar to CML blast crisis, is it possible that the 
production of p190% in addition to p210% occurs during 


the course of CML and plays a role in blast transformation? 
Further analysis of c-ab/ expression in the nosological spec- 
trum of Ph-positive hematologic malignancies is in progress 
and should help elucidate the role of molecular variants of 
this gene on leukemogenesis. 
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Fibrin Monomer Induces Binding of Endogenous Platelet von Willebrand Factor 
to the Glycocalicin Portion of Platelet Glycoprotein IB 


By Robert |. Parker and Harvey R. Grainick 


This study demonstrates that when platelets are stimu- 
lated by thrombin in the presence of low concentrations of 
purified human fibrinogen (10 to 20 g/mL, final concen- 
tration) binding of released platelet von Willebrand factor 
(pit-vWF) to the platelet membrane is enhanced. This 
effect appears to be mediated by fibrin monomer produced 
by the action of thrombin on the fibrinogen in the incuba- 
tion suspension. When fibrin polymerization is inhibited, 
the binding of released pit-vWF to the platelets is markedly 
increased. This enhanced binding is dependent on platelet 
glycoprotein Ib (GPib) as shown by a decreased response 
with Bernard-Soulier platelets and inhibition by both mono- 


LATELET von Willebrand factor (plt-vWF) is a mul- 
timeric glycoprotein localized primarily within platelet 
a-granules, with a small amount being expressed on the 
surface of resting platelets." Surface expression of plt- W F 
markedly increases after thrombin stimulation of platelets by 
the binding of released plt-vWF to the platelet surface.*” The 
major platelet receptor involved in the binding of pit-vWF to 
activated platelets is the glycoprotein Hb/IHa (GPHb/HIa) 
complex. The thrombin-induced binding of plt-vWF can be 
inhibited by purified human fibrinogen (240 pg/mL) or bya 
monoclonal antibody directed against the fibrinogen and 
vWF binding sites on the GPHb/ Ha complex. In contrast, a 
monoclonal antibody directed against the ristocetin-induced 
plasma vWF binding site (GPib) has no effect on the 
thrombin-induced plt-vWF binding.“ 

The platelet GPHb/Hla complex also binds plasma vWF 
and fibrinogen when platelets are stimulated by adenosine 
diphosphate (ADP) or thrombin.”"° In addition to binding 
fibrinogen, thrombin-activated platelets also bind fibrin." 
Recently, fibrin monomer stabilized on acrylonitrile beads 
has been shown to bind both plasma vWF and glycocalicin, a 
water-soluble proteolytic product of GPIb."” 

In the current study, we demonstrate that the presence of 
fibrin monomer increases the thrombin-induced binding of 
endogenous pli-vWF to intact human platelets. The 
enhanced plt-vWF binding occurs on the glycocalicin portion 
of GPIb, and it requires the binding of fibrin monomer to the 
glycocalicin portion of GPIb. 


MATERIALS AND METHODS 


Platelets were isolated from fresh citrate/EDTA (13 mmol/L 
sodium citrate, Immol/L EDTA)-anticoagulated normal human 
whole blood by centrifugation of platelet-rich plasma through a 
discontinuous arabinogalactan (Stractan, Champion International, 
Tacoma, WA) gradient as previously described. The gradient was 
sliced at the interface, and the platelets were aspirated and then 
diluted to a final concentration of 200,000/uL in Tyrode’s buffer 
containing 5 mmol/L CaCl,. 

Surface-bound plt-vWF was determined by measuring the bind- 
ing of a ‘I-labeled polyclonal affinity-purified rabbit antihuman 
vWF antibody to thrombin-stimulated platelets as previously 
described* Briefly, 200-uL aliquots of platelets were incubated 
with radiolabeled anti-vWF antibody (final concentration, 3.75 
ng/mL; 4.8 x 10° cpm/ug) at 37°C for 90 minutes. Various 
concentrations of purified human firbrinogen (10 to 80 ug/mL, final 
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clonal and polyclonal antibodies against glycocalicin. The 
binding of fibrin to thrombin-activated platelets preincu- 
bated with monoclonal antibody against GPlib/illa is 
increased when the predominant form of fibrin is fibrin 
monomer. The fibrin binding is also decreased in the 
presence of antibody against glycocalicin. Our data demon- 
strate that fibrin monomer facilitates plt-vWF binding to 
the glycocalicin portion of platelet GPib on thrombin- 
stimulated platelets and that binding of fibrin monomer to 
glycocalicin is necessary for this response to occur. 

This is a US government work. There are no restrictions 
on its use. 


concentration), bovine serum albumin (BSA), or vWF-free purified 
human fibronectin (Sigma Chemical Co, St Louis) were inchaded in 
the incubations. The platelet incubations were carried out in the 
following fashion: into each polypropylene vial was placed the 
radiolabeled ligand (anti-vWF or fibrinogen) and/or other proteins 
(fibrinogen, BSA, fibronectin), and thrombin was then placed along 
the inside wall of the vial. The amount of thrombin used produced a 
final concentration of 0.5 U/mL. Platelets were then added to the 
vial through the thrombin bubble. Fifteen seconds after the addition 
of the platelets, the thrombin was neutralized by hirudin (grade IV, 
Sigma; 20 U/mL, final concentration) to prevent fibrin clot forma- 
tion, and the platelet suspensions were then incubated for 90 minutes 
at 37°C. In other studies, platelets were activated by calf skin 
collagen (226 ng/mL, final concentration, Cooper Biologic, Mal- 
vern, PA) At the completion of the incubation, bound ligand was 
separated from free ligand by centrifugation (9000 g for four 
minutes). 

Fibrinogen was purified from lyophylized human-fibrinogen 
(Kabi grade L, Kabi Diagnostics, Stockholm) by passage over a 
diethyl aminoethyl! (DEAE)-Sephacel column as previously 
described.® Fibrinogen prepared by this method was free of vWF and 
fibronectin as measured by radioimmunoassay and tmmunoprecipi- 
tation assay, respectively. In some experiments, platelets were 
preincubated with a saturating amount of a monoclonal antibody 
directed against the GPIb ristocetin-dependent binding site for 
plasma vWF (6D1) or against the GPlIb/Hla binding site of 
fibrinogen and vWF (10E5). These monoclonal antibodies, provided 
by Dr B. Coller, State University of New York at Stony Brook, have 
been shown to have no effect on thrombin-induced platelet shape 
change or aggregation®"* or on thrombin binding to platelets." In 
other experiments, a polyclonal antiserum monospecific for platelet 
glycocalicin was included in the incubation suspensions. * Because 
this antiserum inhibits thrombin binding to platelets,” it was added 
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to the platelet suspensions (10%, vol/vol) after the thrombin had 
been neutralized by hirudin. The incubations were then continued 
for 90 minutes at 37°C. In some experiments, fibrin polymerization 
and fibrinogen binding to platelets were prevented by inclusion of the 
Gly-Pro-Arg-Pro (GPRP) tetrapeptide (Sigma) in the incubation 
(final concentration, 0.70 mmol/L), and in other experiments, fibrin 
polymerization was prevented by inclusion of purified bovine fibrino- 
gen fragment D (final concentration, | pmol/L), 

Platelets from two individuals with Bernard-Soulier syndrome 
were also studied. Platelets were isolated from citrate/EDTA- 
anticoagulated fresh whole blood by allowing the RBCs to settle by 
gravity for three hours at room temperature. Platelet-rich plasma 
was removed and centrifuged through a Stractan gradient as 
described earlier. 

Fibrin(ogen) binding to activated platelets was measured by 
incubating 200-uL aliquots of platelets (200,000/zL) with I- 
labeled, purified fibrinogen (7.2 x 10* cpm/ug) and a-thrombin or 
collagen under experimental conditions similar to those used to 
measure plt-vWF binding. The two exceptions were (a) the anti- 
vWF antibody was omitted and (b) the platelets were preincubated 
with monoclonal antibody 10E5 (20 ug/mL; 15 minutes at 22°C) to 
prevent binding of fibrinogen to GPIib/I[la. Bound fibrinogen was 
determined by measuring the radioactivity remaining with the 
platelet pellet. Additional experiments were performed to measure 
the binding of radiolabeled, purified fibrin(ogen) to platelets incu- 
bated with plasma vWF purified from cryoprecipitate (final concen- 
tration, | wg/mL) and ristocetin (ristocetin sulfate~A, Lenau and 
Co, Copenhagen; final concentration, 0.6 mg/mL). 

The amount of fibrinogen cleaved to fibrin monomer after throm- 
bin treatment was measured as free fibrinopeptide-A (FP-A) (Mal- 
lincrodt, St Louis). Purified fibrinogen was incubated with platelets 
or buffer and exposed to thrombin or collagen in a fashion identical 
to that described for the plt-vWF binding experiments. The superna- 
tant was removed and frozen at 70°C until assayed for FP-A. 

Fibrin monomer polymerization was determined spectro- 
photometrically by measuring the light absorbance of a suspension 
of fibrin(ogen) at 350 nm.” Purified fibrinogen at various concentra- 
tions (10 to 80 ug/mL) in Tyrode’s buffer (pH 7.1) was cleaved by 
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the addition of a-thrombin (0.5 U/mL) in either the presence or 
absence of the inhibitors cf fibrin polymerization (GPRP tetrapep- 
tide [0.70 mmol/L], bovine fibrinogen fragment D [1 umol LD. 
Hirudin (20 U/mL) was added 15 seconds after the addition of 
thrombin to quench the reaction, and from that point fibrin polymer- 
ization was followed by measuring the increase in light absorbance 
at 350-nm wavelength. Maximal fibrin polymerization occurred by 
five minutes, with no appreciable increase in fibrin polymerization 
even when the incubations were continued for 90 minutes. The ratio 
of change in light absorbance at 350 nm for fibrinogen with GPRP or 
fragment D (at five minutes) to change in light absorbance at 350 
nm for fibrinogen without these peptides (at five minutes) corre- 
sponds to the fraction of fibrin polymerized. Zero percent polymer- 
ization is determined by the increase in 350 nm light absorbance for 
native fibrinogen without added thrombin, whereas 100% polymer- 
ization is determined by the increase in 350-nm light absorbance for 
fibrinogen cleaved by thrombin in the absence of the inhibitors of 
fibrin monomer polymerization. The measured amount of FP-A 
produced relative to the theoretical maximum amount of FP-A 
production at a given concentration of fibrinogen was used to 
determine the actual percentage of fibrinogen cleaved to fibrin 
monomer at that concentration of fibrinogen. Using this value and 
the percentage of fibrin polymer produced, as observed spectropho- 
tometrically, we estimated the relative amounts of fibrin monomer 
and fibrin polymer produced under the various experimental condi- 
tions. 

Thrombin was the kind gift of Dr J. Fenton (NY State, Depart- 
ment of Health, Albany). Bovine fibrinogen fragment D was 
provided by Dr E. Mihalyi (National Institutes of Health, Bethesda, 
MD), and the antiglycocalicin antiserum was obtained from Dr N. 
Solum (University of Oslo). All buffers were made up with distilled, 
deionized water (<10°° mol/L Ca**). and all chemicals were of 
reagent grade. 


RESULTS 


Figure i presents the results of plt-vWF binding to throm- 
bin-stimulated platelets in the presence of increasing concen- 






EM SURES. CMTS SD ete eee St On On AR en eee EA det 
9 10 20 40 80 
Fibrinogen (pg/ml) 


Percent change in pit-vWF surface expression on stimulated platelets in the presence of increasing concentrations of 


fibrinogen. Pit-vWF binding was determined by the binding of a radiolabeled anti-vWF antibody to platelets (see Materials and Methods). 
Results represent the means of five to six determinations and are expressed as percent change over control (no added fibrinogen). 
Aliquots of platelets (200 uL at 200,000/uL) were activated by a-thrombin (0.5 U/mL) or collagen (226 ug/ml). (A) Thrombin-stimuiated 
platelets in the presence of increasing concentrations of fibrinogen and buffer {O), t pmol/L fibrinogen fragment D (©), 20 pg/mL 6D1 (@), 
10% {vol/vol) a-GC antibody (i), and Bernard-Soulier syndrome platelets (4). (B) Thrombin-stimulated platelets (©), thrombin-stimulated 
platelets with 0.70 mmol/L GPRP (A), and collagen-stimulated platelets ( @) in the presence of increasing concentrations of fibrinogen. 
The broken lines display the results obtained with thrombin-stimulated platelets incubated with increasing concentrations of fibronectin 
(Vv) or BSA (¥). In these experiments, each protein was used in molar concentrations equivalent to those of fibrinogen. Nonspecific binding 
of the radiolabeled anti-vWF antibody in all experiments was typically less than 4%, and SEM for each point was typically less than 10% and 
usually less than 5%. 
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trations of fibrinogen. These data are presented as percent 
change in plt-vWF binding as compared with control plate- 
lets, ie, platelets stimulated by thrombin in the absence of 
fibrinogen or other plasma proteins. In these experiments 
fibrin(ogen) at concentrations of 10 and 20 ug/mL enhanced 
pilt-vWF binding to normal thrombin-stimulated platelets, 
whereas higher concentrations of fibrinogen inhibited plt- 
vWF binding. A monoclonal antibody known to react with 
glycocalicin and to block ristocetin-induced binding of pias- 
ma-vWF to platelets (6D!) or a polyclonal antiserum mono- 
specific for platelet glycocalicin (a-GC) reduced the fibrin 
enhancement of plt-v WF binding. The fibrin enhancement of 
surface bound vWF was not observed in the presence of the 
GPRP tetrapeptide (which inhibits fibrin polymerization 
and fibrin binding to platelets) or when Bernard-Soulier 
platelets were tested. Fibrin-enhanced binding of plt-v WF to 
the platelet surface was increased, however, when fibrin 
polymerization was prevented by the inclusion of | wmol/L 
bovine fibrinogen fragment D in the incubation suspensions 
(Fig 1A). 

Fibrinogen had no effect on the surface vWF expression of 
resting platelets (data not shown) or on platelets stimulated 
by collagen (Fig 1B). Neither bovine fibrinogen fragment D 
nor the GPRP tetrapeptide had an effect on plt-vWF binding 
to thrombin-stimulated platelets in the absence of fibrinogen 
(data not shown). In other experiments, neither BSA nor 
purified human fibronectin produced an increase in plt-vWF 
binding to thrombin-stimulated platelets in the absence of 
fibrinogen (Fig 1B; broken lines). In the studies that mea- 
sured plt-vWF binding to platelets, inhibition of plt-vWE 
binding was noted at high concentrations of fibrinogen (Fig 
1A) and fibronectin (Fig 1B). The additional finding that 
fibrin(ogen) in the presence of the GPRP tetrapeptide has no 
effect on the binding of released plt-vWF to thrombin- 
stimulated platelets supports our impression that the fibrin 
must bind to the platelet surface to have any effect on 
plt-vWF binding. These results are in agreement with our 
earlier work that demonstrated that in the absence of 
fibrin(ogen) released plt-vWF binds to the platelet surface 
GPlIb/Illa.® 

The decreased plt-vWF binding noted in the present 
experiments is a consequence of competition of plt-v WF with 
fibronectin or fibrin for this GPHb/Hla site. In both our 
present and prior studies, plt-vWF binding to thrombin- 
stimulated platelets was never completely inhibited by either 
fibrinogen or fibronectin. This suggests the possibility of 
multiple binding sites for plt-v WF on the platelet surface. 

Because the enhanced binding of plt-vWF was only seen 
with thrombin-stimulated platelets and not with collagen- 
stimulated platelets, we tested whether the fibrinogen must 
be converted to fibrin to enhance plt-vWF binding. Fibrin 
(ogen) binding to non-GPHb/IHa sites on the platelet was 
assessed by using platelets preincubated with saturating 
amounts of anti-GPHb/IHa monoclonal antibody (10E5; 20 
g/mL). In these studies, collagen-stimulated platelets 
bound no radiolabeled fibrinogen, whereas significant 
amounts of fibrin(ogen) were bound to thrombin-stimulated 
platelets (Fig 2). The addition of monoclonal antibody 6D] 
to platelets already preincubated with monoclonal antibody 
1OES resulted in approximately a 25% reduction in 
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Fig 2. Binding of radiolabeted human fibrinlogen}) to activated 
piatelets. Aliquots of platelets (200 ul at 200,000/uL) were 
incubated with increasing concentrations of ‘“l-radioiabeled, 
DEAE-purified normal human fibrinogen and stimulated by throm- 
bin (©) or collagen { @ ) or by thrombin in the presence of 1 umob L 
fibrinogen fragment D {0}, 20 ug/ mL 601 (@), 0.70 mmol/L GPRP 
(A). 1 g/mL plasma vWF, and 0.6 mg/mL ristocetin (4) or 1 
ug/mL plasma vWf and 0.6 mg/mL ristocetin with 1 pmol/L 
fibrinogen fragment D (W). Platelets were preincubated with 20 
ig/ml antibody 10E5 before incubation with fibrinogen. Results 
represent the means of three determinations: SEM was typically 
less than 15% for each point and usually less than 10%. Nonspe- 
cific binding of the radiolabeled fibrinogen in these experiments 
was typically 40% to 50%. 


fibrin(ogen) binding to thrombin-stimulated platelets as 
compared with thrombin-stimulated platelets preincubated 
with 10E5 alone. The presence of purified plasma vWF and 
ristocetin (1 ng/mL and 0.6 mg/mL, final concentrations, 
respectively) resulted in a 30% to 60% reduction of fibrino- 
gen binding with or without added fibrinogen fragment D (1 
pmol/L) (Fig 2). In contrast, the addition of fibrinogen 
fragment D to prevent fibrin polymerization caused a 59% 
and 126% increase in fibrin binding (compared with throm- 
bin-stimulated platelets with [OES alone) at fibrinogen con- 
centrations of 20 and 40 ug/ mL, respectively (Fig 2). 

The amount of fibrinogen cleaved to fibrin monomer after 
thrombin treatment was measured as free FP-A. Incubation 
of fibrinogen with collagen did not result in FP-A production, 
and the GPRP tetrapeptide did not interfere with the release 
of FP-A by thrombin (data not shown). The purified fibrino- 
gen did not contain free FP-A. Because fibrin monomer 
spontaneously polymerizes to form fibrin polymer, we 
assessed this reaction by measuring light absorbance at 350 
nm; this measurement allowed us to calculate the relative 
amounts of fibrin monomer and polymer present. These data 
are presented in Table 1. When enhanced binding of pli- 
vWF and fibrin monomer occurs (as in Figs | and 2), Table ] 
indicates that fibrin monomer is present in a relative excess 
over fibrin polymer. These data suggest that fibrin monomer 
or small fibrin polymers both bind to platelets (at non- 
GPHb/Ia sites) and induce the binding of released plt- 
vWF to GPIb. 

To investigate the relationship between pit-vWF and 
fibrin monomer binding to the platelet surface, we analyzed 
the amount of platelet-bound fibrin monomer (Fig 2) v the 
increase in platelet-bound plt-vWF (Fig 1). These data are 
presented in Fig 3. As indicated, the threshold quantity of 
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Table 1. Fibrin Monomer /Polymer Formation in the Presence of Bovine Fibrinogen Fragment D 
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Maximum $ Percent 
Fibrinogen Fibrinogen Fibrin Polymer Total Monomer’ MMonomer/ 
iug/ mi) {% Cleaved) t {ug/ml} Formation Polymer | (geg/rni.) Polymer 
10 98 9.8 11.8 1.16 8.84 7.6 
20 81 16.2 22.1 3.58 12.62 3.5 
40 70 28.0 28.2 7.90 20.1 2.5 
80 49 32.0 65.0 20.8 11.2 0.5 


Fibrinogen was incubated with human a-thrombin (0.5 U/mL, final concentration) in the presence of bovine fibrinogen fragment D (1 umol/L}. 
+Percent fibrinogen cleavage is calculated by the following formula: FP-A measured x 100/FP-A predicted. 

{The maximum concentration of fibrin is considered to be equal to the concentration of fibrinogen x percent fibrinogen cleavage/ 100. 

§The percent fibrin polymer formation is determined spectrophotometrically by measuring light absorbance at 350 nm of a suspension of 


thrombin-cleaved fibrinogen (see Materials and Methods). 


|| Total fibrin polymer is calculated by the formula: maximum fibrin polymer x percent polymer/ 100. 
Concentration of fibrin monomer is calculated by the following formula: [maximum fibrin — fibrinogen] x (percent cleavage/100) x percent 


polymer/100. 


platelet-bound fibrin monomer required to mediate 
enhanced plt-vWF binding to platelets is 45 ug/10'° plate- 
lets. Plt-vWF binding increases only when bound fibrin 
monomer exceeds this value. 


DISCUSSION 


These experiments indicate that fibrin monomer mediates 
plt-vWF binding to the glycocalicin portion of platelet GPIb. 
The initial observation showed that fibrin, when present in 
small concentrations, resulted in increased surface expres- 
sion of plt-vWF on thrombin-stimulated platelets. Confirma- 
tion that this effect was specific for fibrin was demonstrated 
by the inability of other purified proteins (eg, bovine serum 
albumin and human fibronectin) to enhance plit-vWF bind- 
ing (Fig 1B). The ability of fibronectin to interact with 
platelets was confirmed by the inhibition of plt-vWF binding 
to platelets when fibronectin is present at high concentra- 
tions (Fig 1B). Studies measuring the generation of FP-A or 
using collagen as the platelet agonist confirmed that fibrin 
and not fibrinogen was responsible for the enhanced plt-vWF 
binding to platelets. 
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Fig 3. Graph of bound fibrin monomer v percent change in 
pit-vWF binding. Each point represents the mean of three points. 
The best fit for this curve is a three-parameter hyperbolic function 
with the equation 1/ Y = A + Bx where Y = FM (fibrin monomer) 
bound, x = percent change in pit-vWF, A = 0.0207 + 0.0015, and 
B = 0.000109 + 0.000015. The y-intercept by this equation is 
44.9 + 6.3. P value for curve fit < .001 by the F test. 


Studies with the GPRP tetrapeptide, which prevents both 
fibrin polymerization and fibrin/fibrinogen binding to 
platelet GPHb/Ia,' >" demonstrated that binding ef the 
fibrin to the platelet is necessary to induce plt-vWF binding 
(Figs 1,2, and 3). Fibrin polymerization is inhibited by 
either the GPRP tetrapeptide or the fragment D isolated 
from fibrinogen.” However, the binding of the fibrin mon- 
omer to the platelet surface is prevented by the GPRP 
tetrapeptide, whereas fragment D does not interfere with 
fibrin binding to platelets (Fig 2). The importance of this 
difference is critical. These experiments demonstrate that 
fibrin monomer must bind to the platelet surface to have any 
effect on pit-v WF binding, ie, fragment D enhances plt-vWF 
binding whereas GPRP has no effect (Fig 1), 

The studies using a monoclonal antibody directed against 
GPIb and a monospecific anti-glycocalicin (a-GC) antise- 
rum suggest that the glycocalicin portion of GPIb serves as 
the receptor for fibrin monomer—induced plt-v WF binding. 
Further evidence that GPIb serves as the receptor site for 
hbrin monomer-—induced plt-vWF binding are the results of 
the studies with Bernard-Soulier platelets in which fibrin 
monomer does not increase plt-vWF binding while 
fibrin(ogen) inhibits plt-vWF binding. The degree of inhibi- 
tion is quite similar to that observed with normal platelets 
incubated with the a-GC antiserum. These data are consis- 
tent with our earlier studies demonstrating binding of 
released pit-vWF to platelet GPHb/Ha' and demonstrate 
the inhibition of this binding in the presence of polymerized 
fibrin. These data along with the results obtained when fibrin 
polymerization is prevented by fibrinogen fragment D sug- 
gest that fibrin polymer is the form of fibrin that binds to 
GPllb/Illa and that fibrin monomer (or very small fibrin 
oligomers) binds to GPib. 

In experiments designed to test whether GPIb serves as a 
receptor for fibrin monomer, we used platelets in which the 
vWF binding site on GPIb was occupied by monoclonal 
antibody 6D1 or by plasma vWF. In these studies, 
fibrin(ogen) binding to GPITb/IIla is completely blocked by 
monoclonal antibody 10E5. The finding of a significant 
reduction in the binding of fibrin to these platelets indicates 
that a site on the glycocalicin portion of GPIb is involved in 
the binding of fibrin monomer to platelets. Furthermore, by 
the use of platelets in which plasma vWF is bound to GPIb in 
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the presence of ristocetin we were able to determine that 
surface-bound vWF does not serve as a receptor for fibrin or 
fibrin monomer. This suggests that a vWF-fibrin monomer 
complex does not form on the platelet surface, and if such a 
complex formation is an important step in the binding of 
plt-vWF to the platelet GPIb, the complex must form before 
the vWF binds to the platelet. Because fibrin binding is not 
completely inhibited in these experiments, our data suggest 
that either the site on glycocalicin to which fibrin monomer 
binds is not identical to that for vWF or that there are 
additional non-GPIb, nonGPHb/Ha binding sites for fibrin 
monomer on the platelet surface. 

Our results indicating enhanced binding of fibrin mon- 
omer to platelets are consistent with earlier studies by 
Niewiarowski et al?'’? who demonstrated binding of poly- 
merizing fibrin but not native fibrinogen or fully polymerized 
fibrin to washed platelets. The recent report of Loscalzo and 
et al’? that documents binding of plasma vWF and purified 
glycocalicin to immobilized fibrin monomer shows that 
plasma vWF enhances platelet incorporation into polymeriz- 
ing fibrin. They suggest that a vW F-fibrin monomer com- 
plex is formed that subsequently binds to platelet glycocali- 
cin, These studies in concert with our observations suggest 
that the mechanism of enhanced plt-vWF binding in the 
presence of low concentrations of fibrinogen involves the 
binding of fibrin monomer to the glycocalicin portion of 
platelet GPIb. Our studies showing inhibition of plt-vWF 
binding in the presence of the GPRP tetrapeptide suggest 
that fibrin monomer binding to platelets is required to induce 
plt-v WF binding to platelets. We have shown that an epitope 
on glycocalicin serves as the receptor for this fibrin mono- 
mer—dependent binding of pit-vW F. 


at this time, although the recent finding of Michelson et a 
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The clinical significance of this phenomenon is speculative 
123 
localizing the ristocetin-dependent plasma vWF binding site 
on GPlIb to glycocalicin suggests that fibrin monomer- 
induced binding of plt-vWF to glycocalicin may have a 
function similar to that described for the binding of plasma 
vWF to platelets in the presence of ristocetin. Under condi- 
tions that may favor fibrin monomer formation (eg, dissemi- 
nated intravascular coagulation, the environment within an 
evolving thrombus) platelet adhesion may be maximized by 
this process of fibrin monomer-—induced plt-vWF binding. 
Inasmuch as we do not find increased fibrin monomer 
binding to platelets with plasma vWF prebound to GPI (Fig 
2), we believe that vWF bound to GPIb is not the receptor for 
fibrin monomer binding. The platelet receptor for fibrin 
monomer is not determined in this study. However, from our 
data, we propose the following model: fibrin monomer is 
formed and binds initially to the platelet, possibly at a site 
near the vWF binding site on GPIb. This interaction results 
in a conformational change in the glycocalicin portion of 
GPIb, which allows the binding of vWF to its receptor on 
GPIb. An alternative possibility involves the binding of a 
fibrin monomer-vWF complex to the platelet GPIb through 
the binding of the fibrin monomer component of the complex 
to the platelet. 
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Interleukin-2 Production and Response to Interleukin-2 by Peripheral Blood 
Mononuclear Cells From Patients After Bone Marrow Transplantation: II. 
Patients Receiving Soybean Lectin—Separated and T Cell-Depleted 
Bone Marrow 


By Karl Welte, Carolyn A. Keever, Janet Levick, Mary Ann Bonilla, Vincent J. Merluzzi, Roland Merteismann, 
Robert Evans, and Richard J. O'Reilly 


The ability of peripheral blood mononuclear cells (PBMC) to 
produce and respond to interleukin-2 (IL-2) was evaluated 
in 50 recipients of HLA-identical bone marrow (BM) 
depleted of mature T cells by soybean agglutination and E 
rosetting (SBA E BM). In contrast to our previous findings 
in recipients of unfractionated marrow, during weeks 3 to 7 
post-SBA `E BM transplantation (BMT), PBMC from the 
majority of patients spontaneously released IL-2 into the 
culture medium. This IL-2 was not produced by Leu-11° 
natural killer cells, which were found to be predominant in 
the circulation at this time, but by T11*, T3”, la antigen- 
bearing T cells. The IL-2 production could be enhanced by 
coculture with host PBMC frozen before transplant but not 
by stimulation with mitogenic amounts of OKT3 antibody, 
thus suggesting an in vivo activation of donor T cells or 
their precursors by host tissue. Spontaneous iL-2 produc- 
tion was inversely proportional to the number of circulating 
peripheral blood lymphocytes and ceased after 7 to 8 
weeks post-SBA E BMT in most of the patients. In 
patients whose cells had ceased to produce IL-2 sponta- 


T HAS BEEN WELL DOCUMENTED that patients 
after bone marrow transplantation (BMT) demonstrate 
severe deficiences of cellular and humoral immunity.'* The 
inability to produce normal amounts of interleukin-2 (IL-2) 
is considered to be one possible mechanism for deficient 
immune function post-BMT."" 

IL-2 is one of the major cytokines responsible for clonal 
expansion and function of T cells,” natural killer (NK) 
cells,’'® and lymphokine activated killer cells in vitro and in 
vivo.’ Defective mitogen-induced IL-2 production has 
been documented in several immunodeficiency states includ- 
ing severe combined immunodeficiency, acquired immuno- 
deficiency syndrome, and common variable immunodeficien- 
cy.'* We previously reported'® that when using OKT3 
antibody as a T cell-specife mitogen’’” peripheral blood 
mononuclear cells (PBMC) from patients receiving allogene- 
ic, HLA-identical unfractionated bone marrow (BM) were 
deficient in their production of IL-2 up to 18 months 
post-BMT. This defective IL-2 production was associated 
with severely depressed proliferative responses to OKT3. 
However, in the presence of exogenous IL-2, PBMC from the 
majority of patients showed normal proliferation.’ 

Relatively little is known about the immune function of 
PBMC from patients with leukemia after receiving T cell- 
depleted BMT. In our center, a technique was developed to 
remove from BM mature blood cells including T lympho- 
cytes by soybean agglutination and subsequent E rosette 
depletion (SBA~ E~ BMT). The enriched source of hema- 
topoietic progenitor cells isolated by this procedure is ade- 
quate to ensure full engraftment of all cellular BM elements 
and recovery of marrow function.” Such grafts prevent acute 
and chronic forms of graft-v-host disease (GVHD) posttrans- 
plant in both HLA-identical and HLA-nonidentical recip- 


Blood, Vol 70, No 5 (November), 1987: pp 1595-1603 


neously or never produced this cytokine, neither coculture 
with host cells nor stimulation with OKT3 antibody there- 
after induced IL-2 release through the first year posttrans- 
plant. Proliferative responses to exogenous IL-2 after stim- 
ulation with OKT3 antibody remained abnormal for up to 6 
months post-SBA E BMT, unlike the responses of PBMC 
from recipients of conventional BM, which responded 
normally by 1 month post-BMT. However, the upregulation 
of IL-2 receptor expression by exogenous IL-2 was found to 
be comparable to normal controls when tested as early as 3 
weeks post-SBA E BMT. Therefore, the immunologie 
recovery of proliferative responses to IL-2 and the appear- 
ance of cells regulating in vivo activation of T cells appear 
to be more delayed in patients receiving T cell-depleted 
BMT. Similar to patients receiving conventional BMT, 
however, the ability to produce iL-2 after mitogenic stimu- 
lation remains depressed for up to 1 year after transplanta- 
tion. 

©1987 by Grune & Stratton, inc. 


ients. The kinetics of hematopoietic recovery do not differ 
significantly from that in patients receiving unfractionated 
BM. However, as shown in this study, the pattern of reconsti- 
tution of T cell subpopulations and T cell functions in the 
first 3 months after BMT is different from those in patients 
receiving unfractionated BMT.” 

We have sequentially examined PBMC from patients 
receiving T cell-depleted BMT for (a) their ability to 
produce IL-2, (b) their IL-2 receptor expression, and (c) 
their ability to proliferate in response to mitogen with and 
without the addition of IL-2. 


MATERIALS AND METHODS 


Patients and controls. The study group consisted of 50 recip 
ients of SBA-E”, allogeneic, HLA-identical BM: 13 patients with 
acute lymphoblastic leukemia in first, second, or third remission; two 
patients with non-Hodgkin's lymphoma: 13 patients with acute 
myeloid leukemia in first or second remission; 19 patients with 
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chronic myelogenous leukemia; and three patients with myelodys- 
plastic syndrome. Pretransplant conditioning was with cyclophos- 
phamide (60 mg/kg/d for two days) and hyperfractionated total 
body irradiation (1,320 rad or 1,440 rad). No drug prophylaxis was 
administered posttransplant to prevent GVHD. All patients tested in 
this series achieved durable engraftment confirmed by cytogenetics 
and full hematopoietic reconstitution. 

Forty-three patients were tested at least once during weeks 3 to 7 
post-BMT, and 26 of the 43 patients were tested more than once 
(two to five times) during this time period. Of the 43 patients, 35 
patients subsequently were tested one or more times during weeks 8 
to 14 post-BMT. Seven additional patients were tested for the first 
time during this time period. Eighteen patients in the study were 
repeatedly tested up to | year post-BMT. Normal controls consisted 
of 51 laboratory personnel aged 20 to 45 years. 

The protocol for this study was subject to initial approval and 
subsequent annual review by the human subject review committee of 
Memorial Sloan Kettering Cancer Center. All participants in the 
study signed committee approved consent forms. 

Monoclonal antibodies. OKT3, OKT4, OKT8, and OKT1! 
monoclonal antibodies (MoAbs) were purchased from Ortho Phar- 
maceuticals (Raritan, NJ). Leu-11b antibody was purchased from 
Becton Dickinson, (Mountain View, CA). Leu-2, Leu-3, Leu-4, and 
Leu-5 antibodies were generated as culture supernatants in our 
laboratory by one of us (Dr R. Evans). The hybrid line secreting 
Leu-7 was obtained from the American Tissue Culture Collection 
(Rockville, MD). Anti-Tac MoAb (ascites fluid) was kindly pro- 
vided by Dr T. Waldmann, National Institutes of Health, Bethesda, 
MD; NKHI MoAb by Drs R. Schmidt and J. Ritz, Dana Farber 
Cancer Center, Boston; and PL8 (anti-HLA class H) by Dr K, 
Horibe, Memorial Sloan-Kettering Cancer Center, NY. 

Cell preparations. PBMC from patients or healthy human 
volunteers were separated by density gradient centrifugation on 
Ficoll-Hypaque (Pharmacia Fine Chemicals, Piscataway, NJ) and 
were kept in RPMI 1640 supplemented with 2 mmol/L L-glutamine, 
50 U/mL penicillin, 50 pg/ml. streptomycin, and 10% heat- 
inactivated fetal calf serum (FCS) during all subsequent incubation 
and washing procedures. Adherent cells were removed by incubation 
on Falcon tissue culture dishes (no. 3003, Falcon Labware, Oxnard, 
CA) as described” and are referred to as peripheral blood lympho- 
cytes (PBL). In some experiments E* cells were separated from 
PBMC by rosetting with neuraminidase-treated sheep erythrocytes 
as described.” 

Analysis of T cell surface antigens. Immunofluorescence analy- 
ses were performed on a FACS IV (Becton Dickinson}. PBMC (10° 
cells) were incubated with appropriate dilutions of MoAb (1:4 for 
culture supernatants, 1:10,000 for anti-Tac, 1:40 for all other 
antibodies) for 40 minutes at 4°C, washed twice, and then incubated 
with a 1:40 dilution of affinity-purified goat antimouse IgG, 
F(Ab’),—fluorescein isothiocyanate (FITC) (Cappel Laboratories, 
Cochranville, PA) in the same way. After washing twice, the cells 
were suspended in | mL phosphate-buffered saline for analysis. All 
incubations and centrifugation steps were done at 4°C. Background 
fluorescence was determined by using a supernatant containing an 
IgGI« protein of diluted normal mouse serum instead of the first 
antibody. 

Proliferation assay. The separated PBMC (1 x 10° cells/mL) 
or E* cells (supplemented with 10% macrophages, | x 10° cells/ 
mL) were incubated in triplicate cultures (no. 3596 culture plates, 
Costar, Inc, Cambridge, MA) in the presence or absence of OKT3 
antibody, in the presence and absence of phorbol-myristate-acetate 
(PMA), and in the presence or absence of exogenous IL-2 in a total 
volume of 200 uL. The concentrations used were OKT3, 2.5 ng/mL; 
PMA, 2.5 ng/mL; and IL-2, 20 U/mL. After 72 hours, the cultures 
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were pulsed for four hours with “H-thymidine (0.5 wCi/well, New 
England Nuclear, Boston) and proliferation measured as described 
previously. °” 

Assay for IL-2 produciion and IL-2 activity. Identical cultures 
(see Proliferation Assay, in the absence of exogenous IL-2) were 
incubated for 24 hours, and 100 uL of supernatant was remeved to 
be assayed for IL-2 activity. IL-2 was measured by using the assay 
previously described by Gillis et aL” Units of IL-2 activity were 
determined by using an IL-2 standard provided by the National 
Institutes of Health Biological Response Modifers Program. 

BM separation and IL-2 production by SBA’ E> BM~. Donor 
BM cells were enriched for progenitor cells and depleted of mature 
blood cells including T lymphocytes by using soybean agglutinin and 
E rosetting by a method originally developed by Reisner et al.” 
The SBA”E™BM cells were incubated at 10° cells/mL in RPMI 
1640 supplemented with 10% FCS in the absence and presence of 
OKT3 antibody (2.5 ng/mL). After incubation at 37°C for 24 hours, 
supernatants of the cells were collected and tested for IL-2 activity 
as described.*”° 

IL-2 source. For this study we used human recombinant IL-2, 
kindly provided by CETUS, Emeryville, CA.” In some of the studies 
highly purified IL-2 (hpiL-2) was used in parallel, which was 
purified from lymphocyte-conditioned medium (Lymphocult, Bio- 
test, Fairfield, NJ) as described.” Recombinant IL-2 and hpIL-2 
gave qualitatively and quantitatively identical results in these exper- 
iments. Therefore, results are detailed for recombinant IL-2 only. 

Antibody plus complement depletions. PBL were treated with 
MoAb plus complement (C’) to remove selected populations of cells. 
All of the MoAbs used were free of sodium azide. The cells were 
resuspended in 0.1 mL/10° cells of antibody or medium alone. The 
optimum dilution established for OKT3, OKTI1, OKT4, and OKT8 
was 1:20; Leu-ilb, 1:50, NKH-1, 1:125; and PL8, 1:2. After a 
60-minute incubation at 4°C the cells were centrifuged, and the 
MoAb was decanted. A volume of 0.5 mL of a pretested dilution 
(1:5) of low-toxicity rabbit C’ (Pel-Freez, Rogers, AR) was added, 
and incubation was continued at 22°C for 60 minutes. The cells were 
washed twice with RPMI-10% FCS, counted, and adjusted to the 
same volume as the C’ control (cells incubated with C’ but without 
MoAb) before culturing. PBL that had been incubated overnight at 
37°C to shed bound antibodies were restrained with directly FITC 
conjugated antibodies to monitor T cell depletion. Less than 5% of 
the relevant population could be detected. PBL that had been 
depleted of Leu-i1* or NK H-1* cells had no lytic activity to K 562 in 
four-hour, *'Cr release assays. 

Mixed cell culture. Mixed cell cultures were performed in 
RPMI 1640 plus 10% FCS. Responder cells (10° cells) were 
cocultured with irradiatec, previously frozen pretransplant PBMC 
(10° cells) from the patients or their denors at 37°C and 5% CO, for 
72 hours. The supernatant was removed and tested for the presence 
of IL-2. Controls included responders incubated without stimulators 
and irradiated stimulators incubated alone. In one experiment, 
mixed cell cultures between irradiated donor SBA“ E°BM cells 
(obtained on the day of transplant) and pretransplant patient PBMC 
and donor PBMC were performed. 

Statistical analysis. Statistical evaluation was performed by 
using the nonparametric two-sample rank test (Mann-Whitney 
test). 


RESULTS 


PBMC from patients 3 to 7 weeks post-BMT were cocul- 
tured with medium alone, PMA, OKT3, and a combination 
of T3 and PMA, and the amount of IL-2 secreted into the 
medium was measured. The results in Fig | show that unlike 
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Fig 1. IL-2 production by PBMC from patients 3 to 7 weeks 
post-BMT. PBMC from patients were cultured (10° cells/mL) in 
RPMI 1640 and 10% FCS in the absence (medium) or presence of 
stimulators: PMA, 2.5 ng/mL; T3 (OKT3}, 2.5 ng/mL; or PMA plus 
T3. After 24 hours the supernatants were tested for IL-2 activities. 
The results are shown for each patient only once at the time of 
maximal IL-2 release without stimulator (medium). The shaded 
area represents the 100% range of normal donors (n = 51). ‘ 
median. 





normal controls PBMC from 31 of 43 patients spontaneously 
secreted detectable amounts of IL-2 (0.2 to 12 U/mL; 
median, 1.0 U/mL) into the medium (P «< .001). The 
addition of PMA (2.5 ng/mL) or OKT3 antibody (2.5 
ng/mL) to the medium did not increase IL-2 production. 
OKT3 plus PMA, however, increased production, but the 
levels achieved were below the normal range of the control 
group (P < .01), which is shown as the shaded area (100% 
range). The IL-2 produced by PBMC from patients after 
OKT3 stimulation was no greater than the spontaneous IL-2 
production. All eight of the patients whose PBMC produced 
normal amounts of IL-2 after stimulation with OKT3 plus 
PMA were also spontaneous IL-2 producers (>! U/mL). 
Table | shows results from cocultures between weeks 3 to 
7 posttranspant PBMC and irradiated pretransplant host 
PBMC and donor PBMC, respectively. Spontaneous [L-2 
production was measured on days | and 3 of culture, and 
stimulated IL-2 production was measured on day 3. Com- 
pared with day 1, spontaneous IL-2 production on day 3 of 
culture was unchanged in two experiments, increased in 
three experiments, and decreased in four experiments. In 
eight of ten experiments, irradiated pretransplant host 
PBMC stimulated higher production of IL-2 than that seen 
in medium alone (day 3). In three of five experiments donor 
PBMC also increased the production of IL-2 compared with 
the medium alone, but in only one patient (no. 526) was this 
production greater (11 U/mL) than that stimulated by 
coculture with pretransplant host cells (9.4 U/mL). In 
contrast, when the donor’s own PBMC were cultured alone 
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Table 1. IL-2 Production by Posttransplant PBMC After 
Coculture With Pretransplant Host or Donor PBMC 
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Stimulators (Celis /Well} 
Pretransplant 
Patient Week 22 OTEN pee 
No. Post-BMT  Day1* Day 3+ 10° 6§x« 10% (10 
526 6 6.5¢ 6.6 9.4 74 11 
7 3.5 3.1 2.1 “3 36 
536 3 0.6 1.0 1.3 1.9 Q 
8 0 1.9 1.3 1.7 G 
514 3 0.9 0 3.5 1.8 NT 
4 NT G 2.8 Tar NT 
539 3 1.2 0 2.0 1.7 1.0 
483 3 0 0.6 NT 1.6 MT 
527 5 4.0 0 NT 1.7 NT 
600 5 2.0 1.4 2.0 1.4 NT 
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Abbreviation: NT, not tested. 

*Spontaneous IL-2 production after 24 hours of culture. 

+PBMC obtained from patients at the indicated times post-BMT were 
cultured for 72 hours in medium (RPMI 1640 plus 10% FCS) or 
cocultured with host or donor PBMC cryopreserved pretransplantation. 
Secreted IL-2 was measured as described in Materials and Methods. 
Results are expressed as units of {L-2/mbl. supernatant. 

tData are units of IL-2/mL. 


or with irradiated prestransplant host cells, no detectable 
IL-2 was produced. Furthermore, irradiated host or donor 
stimulator cells incubated alone (data not shown) did not 
generate IL-2. 

Cultures of SBA~E~BM specimens from 40 donors in 
medium alone or in the presence of OKT3 (2.5 ng/mL) did 
not result in the release of detectable amounts of IL-2. In 
contrast, unfractionated BM (n = 16) under the same 
conditions released IL-2 (1 to 4 U/mL) when stimulated 
with OKT3, which indicated the presence of T cells in the 
unfractionated marrow sample. 

Mixed cell cultures using irradiated donor SBA E”~ BM 
cells as stimulators and host pretransplant PBMC or PBMC 
as responders also did not result in IL-2 production, which 
indicated that the donor SBA” E™ marrow does not contain 
cell populations capable of stimulating IL-2 production by 
either the donor or the HLA-identical host. As expected, 
however, the SBA” E~ BM fraction was able to induce IL-2 
production by a third-party control PBMC (data not 
shown). 

Phenotype of the T cells during weeks 3 to 7 post- 
BMT. Phenotyping of PBMC from patients was performed 
at the same post-BMT time as IL-2 production was mea- 
sured. Most striking was the consistently high percentage of 
cells with the NK-associated antigens (Leu-11 and Leu-7). 
Leu-5* (CD2) cells were consistently in significant excess of 
Leu-4* (CD3) cells, which suggested the presence of cells 
with the Leu-4~, Leu-5*, Leu-11* or NK cell phenotype as 
reported by others.® It is also possible, however, that the 
discrepancy between Leu-4* and Leu-5* cells reflects the 
presence of immature prethymic Leu-5*, Leu-47, Leu-3°, 
Leu-2~ cells (Table 2). 

The phenotype of PBMC from patients who did or did not 
spontaneously generate IL-2 was not different with the 
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Table 2. Surface Marker Analysis of PBMC From Patients 3 to 7 Weeks Post-BMT 


Patient iL-2 Leu-5 (CD2) Leu-4 (CD3) 
No. (U/mL) {83 + 5] [75 + 7} 
Spontaneous IL-2 producer 
488 13.2 61 12 
472 5.5 49 8 
514 5.2 82 56 
448 5.0 25 17 
464 4.5 NT 26 
494 3.5 50 51 
489 1.5 41 30 
417 1.5 66 | 49 
415 1.5 NT 26 
404 1.3 NT 31 
471 1.3 34 11 
438 1.2 NT 71 
491 1.1 57 NT 
483 1.1 59 16 
493 1.0 62 19 
Mean + SD 53 + 16 30 + 19 
Nonproducers 
419 0 86 84 
467 0 NT 28 
469 0 84 39 
475 0 24 3 
479 0 46 17 
482 0 24 15 
487 0 51 17 
513 0 87 40 
Mean + SD 57 + 28 30 + 25 
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Antibodies (Percentages of Positive Celis) 
Leu-3 (CD4} Leu-2 (CD8} Leu-? Leu-17 Tac 
[45 + 10] {28 + 8] {20 + 7] {15 + 6] [2 + 2] 
11 27 34 49 13 
3 47 34 NT NT 
22 52 57 28 8 
19 21 6 NT 18 
NT 21 26 NT 9 
14 46 NT 21 9 
4 25 40 59 NT 
16 43 95 NT 17 
9 18 12 NT NT 
11 39 37 NT NT 
5 28 41 NT 11 
17 55 NT NT NT 
7 32 34 77 5 
9 28 50 29 6 
15 25 16 22 4 
12+ 6 34 + 12 37 + 23 4t+21 10+5 
5 80 35 NT NT 
21 32 26 NT NT 
31 37 10 NT O 
12 13 13 19 NT 
8 9 32 2 0 
10 16 NT 14 3 
8 32 19 43 4 
7 46 73 60 
13 +9 33 + 23 30 + 21 28 + 23 3+ 3 
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Control values are in brackets. 


exception of an increased level of Tac* cells in the sponta- 
neous [L-2~producing patients (10% + 5% Tact cells). This 
difference compared with normal controls was significant 
(P < .01). 

Phenotype of the IL-2-producing cells. MoAb plus C’ 
treatment of PBL from spontaneous IL-2 producers showed 
reduced IL-2 production when T11, T3, and Ia plus C’ were 
used. The results from five patients tested at different times 
post-BMT are shown in Table 3. Surprisingly, Leu-7, Leu- 
11b, or NKH1 plus C’ treatment of PBL did not reduce the 
IL-2 production in any experiment, which suggested that 
although this population of cells predominates at this time 


Table 3. Phenotype of IL-2 Producer Cells: Reduction of IL-2 
Production by Treatment of PBMC With Antibody Plus C’ 








iL-2 
(Percentage of No. of Experiments 
Antibody C Control*) (No. of Patients) 
Complement control 100 12 (5) 
TII + C 35 10 (5) 
T3 + C 28 4 (4) 
T4 + C 60 3 (3) 
T8 + C 93 3 (3) 
Leu-7 + C 115 1 (1) 
Leu-11 + C 101 6 {4) 
NKH1 + C 120 2 (2) 
la + C 23 2 (2) 





*Mean C' of control, 3 U/mL. 


the cells producing IL-2 were not NK cells. T4 or T8 plus C 
treatment of PBL had only minor effects on the IL-2 
production. 

IL-2 is able to induce its own receptor on PBMC from 
patients after BMT. In five patients (3 to 7 weeks post- 
BMT) we studied the ability of IL-2 to upregulate its own 
receptor expression on PBMC as has been shown for normal 
PBMC?” (Table 4). The percentage of Tac+ PBMC before 
culture was between 7% and 9%. Culturing the PBMC from 
these five patients without mitogenic stimulation but in the 
presence of IL-2 (100 U/mL) led to an increase of the 


Table 4. Increase of Tac Antigen Expression of PBMC Cultured in 
Medium Containing IL-2 





Percentage of Tac+ Celis 





Patiant No. Day 0 Days 3-4 
1 7 20 
2 8 33 
3 8 27 
4 8 26 
5 9 17 
Median (range) 8 (7-9) 26 (17-33) 





PBMC obtained from patient 3 to 7 weeks post-BMT were cultured for 
three to four days in medium (RPMI 1640 plus 10% FCS} in the presence 
of recombinant IL-2 (100 U/mL). Tac antigen expression was measured 
as describec in Material and Methods. A healthy contro! tested at the 
same time under the same conditions had 0% Tac+ cells at day O and 
21% Tac+ cells at day 4. 
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percentage of Tac+ cells from 8% (7% to 9%) to 26% (17% 
to 35%) at days 3 to 4 in culture. PBMC from a simulta- 
neously tested normal control increased from 0% to 21% 
Tac+ cells at day 4. 

The kinetics of spontaneous IL-2 production. As shown 
in Table 5, the maximal spontaneous IL-2 production 
occurred during the first 7 weeks post-BMT. After 8 weeks 
and at later times post-BMT, the majority of patients no 
longer spontaneously produced IL-2, and the pattern of 
mitogen-induced IL-2 production became more similar to 
that of patients receiving unfractionated BMT." The 
amount of spontaneous IL-2 produced by any one patient 
during the first 7 weeks post-BMT varied considerately (Fig 
L). We were interested to determine the time course and 
factors that may affect production by PBMC from the 
patients under study. In Fig 2, we have detailed the course of 
IL-2 production along with WBC and lymphocyte recovery 
of six patients who represent different patterns of sponta- 
neous IL-2 production. Patient A (Fig 2A) spontaneously 
produced IL-2 from weeks 3 to 6 post-BMT, whereas patient 
E (Fig 2E) never produced detectable amounts of IL-2 
during this period. Patients B, C, D, and F (Fig 2B, 2C, 2D, 
2F) produced IL-2 only for a short period of time (up to week 
5 post-BMT). As can be seen, the spontaneous IL-2 produc- 
tion was inversely correlated with the recovery of the number 
of WBC and absolute lymphocyte count (ALC): patients E 
and F, who experienced a rapid recovery of WBC, either did 
not produce IL-2 spontaneously (2E) or produced it only very 
early post-BMT (3 weeks; Fig 2F). In contrast, patients A 
and B, who experienced a slower return of WBC, had a high 
level of spontaneous IL-2 production for a protracted period 
post-BMT. 

The inverse correlation between ALC and the amount of 
IL-2 produced in vitro by PBMC was examined for all tests 
(n = 85) performed on patients (n = 43) between weeks 3 
and 7 post-BMT. High spontaneous IL-2 producers (>3 
U/mL) were found only in the group with ALC <500/uL. 
The difference in spontaneous IL-2 production between 
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Fig 2. 
recovery (@), and absolute lymphocyte number (x) in six represen- 
tative patients tested more than three times during the first 7 
weeks post-BMT. The numbers below the symbols point out the 
exact values when higher than or equal to 5. 


Time course of spontaneous IL-2 production L21, WBC 


patients with ALC <500/aL was statistically significant 
(P < .001). 

Patients A, C, and E were also tested for the percentage of 
Tac -+ cells; patient A was 13% at week 4, 11% at week 5, 5% 
at week 7, and 2% at week 8. In patient C the percentage of 
Tac+ cells was 9% at week 4 and 4% at both weeks 5 and 6. 
In patient E 2% of PBMC were Tac+ at week 4, 3% at week 
5, and 0% at week 8. These data suggest a good correlation 
between the development and decline of spontaneous IL- 
2~producing cells and IL-2 receptor—positive ceils in those 
patients tested. 

Proliferative response to IL-2. Spontaneous prolifera- 


Table 5. IL-2 Production and Proliferation of PBMC From Patients Post-BMT 
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Weeks Post-BMT 


3-7 8-12 13-26 27-52 Controls 

No. experiments 80 38 20 10 64 
No. tested 43 30 18 8 51 
iL-2 production, day 1 of culture, U/mL; median (100% range} 

Medium 1.0 {0-12} 0 (0-2.5) 0 (0-14) 0 (0-1) 0 

PMA 0.7 {6-20} 0 (0-3) 0 (0-0.8) 0 (0-0.7) 0.2 (0-1) 

OKT3 0.5 (0-171) 0 (0-114) 0 (0-2) O (0-2.4) 3.9 (4.1-11) 

OKT3/PMA 2.7 (0-20) 1.2 {0-21} 1.7 (0-7) 2.7 {0-20} 20 (4.8-80) 
Proliferation, °H-thymidine uptake day 3 of culture, com x 1077; median (100% range) 

Medium 1 (0.3-10) 0.6 (0. 1-6) 0.6 (0.2-1.4) 0.3 (0. 1-2.5} 0.3 {0.2-1} 

PMA 1 (0.2-8)} 1 {0.2-16} 1.1 (0.1-10) 2.3 {0.4-2 1) 12 {1-17} 

Medium/IL-2 3.7 {0.3-32} 5 (0.2-20} 3.3 (0.2-17} 6 (0.3-30) 4 (0. 1-8) 

PMA/IL-2 1 (0.3-21) § (1.2-34) 7.6 (0.3-22) 14 (8-56) 19 (7-60) 

OKT3 7.6 (0.2-4 1} 5 (0.2-16) 3.3 (0.1-41) 19 (2-89) 86 (35-120) 

OKT3/PMA 2.6 (1-29) 4 (0.2-27) 4.5 (0.2-30) 38 (4-94) 68 (39-134) 

OKT3/-2 15 (1-76) 18 (2-82) 25 {4-103} 62 (42-97) 86 (37-120) 

OKT3/PMA/IL-2 7.5 (1-35) 13 {1-79} 26 (1-71) 67 (35-132) 92 (60-127) 


The normal control values are also shown as shaded areas (100% range) in Fig 1 for IL-2 production and in Fig 3 for proliferation. 
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tion of lymphocytes from 13 of 36 patients tested during 
weeks 3 to 7 post-BMT was significantly greater than PBMC 
from controls (P < .01) (Fig 3). All of these 13 patients were 
spontaneous IL-2 producers. Exogenous IL-2 increased the 
proliferation of PBMC from the majority of patients, which 
is consistent with the increased levels of IL-2 receptors. This 
IL-2-induced proliferation was also significantly different 
from the normal control group (P < .001). OKT3-induced 
proliferation, however, was low during weeks 3 to 7 post- 
BMT compared with controls, both in the absence and in the 
presence of IL-2 (P < .001). PMA was not able to increase 
the proliferation in the medium control or in the presence of 
OKT3 (Table 5). 

A summary of IL-2 production and proliferative responses 
with and without IL-2 of PBMC from patients tested at 
intervals up to | year post-BMT is shown in Table 5. The 
pattern of OKT3-induced proliferative response during 
weeks 8 to 12 was similar to that seen during weeks 3 to 7. 
Statistical analysis comparing data from controls with 
patients up to 26 weeks post-BMT showed significant differ- 
ences in all values tested (P < .01). Six to 12 months after 
BMT (weeks 27 to 52), the proliferative response to OKT3 
antibody was still defective in the majority of patients 
(median, 19,000 cpm). However, the proliferative response 
by PBMC stimulated with OKT3 in the presence of exoge- 
nous IL-2 was within the normal range for all patients tested 
later than 27 weeks post-BMT. 


DISCUSSION 


In a previous study we found that patients conditioned 
with the same regimen as described here who received 
unfractionated HLA-identical BM demonstrated low prolif- 
erative response to mitogens and produced little or no IL-2 
up to 18 months post-BMT in response to OKT3 antibody. 
Exogenous IL-2, however, was able to restore the mitogen 
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Fig 3. Spontaneous or OKT3-induced proliferation of PBMC 
from patients 3 to 7 weeks post-BMT in the presence or absence 
of exogenous IL-2 (20 U/mL). Cell proliferation was measured by 
3H-thymidine uptake on day 3 of culture. The shaded area repre- 
sents the 100% range of normal donors (n = 51). . median. 
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responses to within the normal range of healthy controls as 
early as | month post-BMT."° Similar results are seen when 
using PBMC from recipients of HLA-identical SBA -EBM 
when tested later than 6 months post-BMT. However, there 
were substantial differences during the early posttransplant 
period. Between 3 and 7 weeks post-BMT, PBMC from the 
majority of patients released IL-2 into the culture medium in 
the absence of added stimuli, thereby suggesting in vivo 
stimulation of T cells, a phenomenon not observed in recip- 
ients of unfractionated marrow. Furthermore, in contrast to 
conventional transplant recipients. the mitogen responses of 
PBMC at this time and until 6 months postgrafting could not 
be normalized by the addition of exogenous IL-2. 

The cell source of the spontaneous IL-2 production 
observed in recipients cf T cell-depleted marrow grafts has 
heretofore not been defined. Brenner et al” recently reported 
that recipients of HLA-matched marrow grafts depleted of T 
cells with mouse MoAbs spontaneously produce IL-2, B cell 
differentiation factor, and y-interferon early posttransplant. 
Cells in a Percoll gradient fraction enriched for large granu- 
lar lymphocytes were responsible for this production, and the 
authors suggested that NK cells were the source of these 
cytokines. However, clear identification of the producer cells 
was not reported. 

We as well as others™ show a predominant population of 
cells with an NK phenotype developing early post-BMT. We 
have also found that these cells function normally in NK and 
lymphokine activated killer cell (LAK) assays.“ However, 
our current studies indicate that these NK cells are not the 
source of spontaneously produced IL-2. C plus antibody lysis 
using Leu-11 or NKHI antibodies did not abolish the 
spontaneous IL-2 release; rather, it increased IL-2 preduc- 
tion from the remaining PBL, which suggested a possible 
suppressor activity of NK cells on the producer cells. Anti- 
body plus C’ treatment of fresh PBL indicated that the 
IL-2—procucing cell was a T3*, Til*, T8, Ja* T cell. 
Antibody to T4 plus C’ had a variable inhibiting effect on 
IL-2 production, perhaps due to a low density of the antigen 
on producer cells. These T cells are likely already activated 
because the proportion of Tac* T cells and spontaneous 
proliferation of lymphocytes from patients who spenta- 
neously produce IL-2 was increased when compared with 
cells from either normal controls or patients who did not 
generate IL-2 spontaneously. IL-2 receptors are only 
expressed on T cells either activated by antigen/mitogen or 
stimulated by IL-2?!” 

The stimulus provoking spontaneous IL-2 production by T 
cells emerging early after SBA~ E> BMT is still unclear. In 
our studies, production of IL-2 by T lymphocytes emerging 3 
to 7 weeks post-BMT could not be augmented by stimulation 
with the mitogen OKT3. The IL-2 detected in supernatants 
of PBMC after T3 stimulation could be accounted for by 
spontaneously released IL-2 because it was not increased 
compared with the medium control. PMA, a diacylglycerol 
analogue that is a potent stimulator of protein kinase C, was 
also not able to increase the production of IL-2. PMA in 
combination with the T3 antibody, however, did increase 
IL-2 production, which indicated that given optimal stimuli 
the cells were capable of producing higher, although still 
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suboptimal, amounts of IL-2. When compared with a 
healthy control group (n = 51), the amounts of T3- and 
T3/PMA-induced IL-2 produced by PBMC from the 
patients up to 7 weeks post-BMT were well below the normal 
range. Our study thus indicates that T cells developing in 
patients early after receiving SBA” E~ BMT are deficient in 
their response to mitogens as measured by lymphocyte 
proliferation and IL-2 production. Therefore, either the 
mechanism that leads to spontaneous IL-2 production has to 
be a very potent activator of T cells, or it activates only a 
subpopulation of immature T cells that do not respond to 
mitogens. 

Given the data we have accrued to date, at least three 
hypotheses can be proposed to account for this spontaneous 
IL-2 production: (a) the IL-2~producing cells are residual 
radioresistant host T cells reactive against donor marrow 
whose growth and activity is normally inhibited by mature T 
cells in the donor marrow inoculum, (6) the production is by 
mature cells within the graft responding to minor alloantigen 
differences of the host, or (c) spontaneous IL-2 production 
reflects the activity of donor T cells developing within the 
host from early precursors in the SBA~ E~ marrow inoculum. 
it is unlikely that the IL-2 production is by host cells because 
karyotype as well as DNA restriction length polymorphisms 
have indicated a clear predominance of donor-derived cells in 
most patients at this stage posttransplant. Furthermore, in 
mixed cell cultures, the generation of IL-2 at levels in excess 
of spontaneous production was observed with coculture of 
patient PBMC with irradiated host rather than donor PBMC 
stimulations in two thirds of the cases tested (Table 1). 

Stimulation of SBA 7E” marrow fractions with mitogen or 
with host cells failed to induce IL-2 production, which 
rendered it unlikely that mature cells within the inoculum 
are the [L-2—producing cell. Most likely is the third hypothe- 
sis; indeed, persistence of spontaneous IL-2 production was 
inversely correlated with the temporal course of early lym- 
phoid and hematopoietic reconstitution. 

The phenotype of these IL-2—producing cells and their 
early development and rapid decline resembles what has 
been described by Lattime and Stutman in the early onto- 
geny of T cells in mice.” They described the transient 
presence of T cells bearing a helper phenotype that generate 
IL-2 in response to autologous la antigens present on acces- 
sory cells within the thymus. With maturation, these cells are 
depleted from the thymus and can be detected only as a 
minor population of lymphocytes in the adult spleen. Cells of 
a similar phenotype capable of proliferative but not cytotoxic 
responses to host la antigens have also been observed tran- 
siently in the thymus and spleens of lethally irradiated mice 
that have been reconstituted with T cell-depleted, H-2- 
incompatible marrow.?’* 

We tested the response of PBMC from the patients 
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post-SBA”~ E” BMT to exogenously added IL-2 in two assay 
systems: (a) spontaneous and mitogen-induced proliferation 
and (b) regulation of the IL-2 receptor expression by IL-2. 
Our results suggest that T cells from SBA E` BMT recip- 
ients have a delayed response to OKT3 in the presence of 
exogenous IL-2 compared with those from patients receiving 
conventional BMT." Although PBMC from all recipients of 
unfractionated BM proliferated normally to OKT3 plus IL-2 
as early as 1 month post-BMT,”° recipients of SBA” E~ BM 
required as long as 6 months to regain normal proliferation 
under the same experimental conditions (Table 5). PMA asa 
costimulator did not significantly increase the T3-induced 
proliferation of PBMC from recipients of SBA E BMT. 

The increased IL-2 receptor expression of freshly obtained 
patient PBMC is shown in Table 2. The ability of IL-2 to 
induce its own receptor on T cells from patients up to 7 weeks 
post-BMT was also tested. As reported for normal T cells, 
IL-2 was able to upregulate the IL-2 receptor expression as 
judged by staining with the Tac MoAb in all patients tested. 
The highest percentage of Tac* cells was detected at days 2 
to 3 of culture in [L-2—containing medium. This finding is of 
interest in that it suggests that even though the T cells are 
unable to proliferate normally in response to IL-2 the path- 
way of IL-2~stimulated IL-2 receptor induction seems to be 
intact. Alternatively, it is possible that NK cells, which 
represent a high percentage of the lymphocytes detected 
early after BMT, are able to respond to IL-2 with increased 
expression of the IL-2 receptor. 

The clinical importance of our finding both early and late 
post-T cell-depleted grafts remains to be determined. The 
patients studied in this series all achieved durable engraft- 
ment. Only two patients developed clinical evidence of 
GvHD. Each of these patients did produce increased levels of 
IL-2 early posttransplant. However, other patients without 
GvHD produced comparable levels. Current prospective 
analyses performed on patients receiving T cell-depleted or 
unfractionated marrow grafts as part of a randomized trial 
should determine whether our findings of early spontaneous 
IL-2 production and delayed regeneration of [L-2~respon- 
sive T cell functions are correlated with clinical events such 
as graft rejection, which complicate T cell-depleted grafts, 
or with other posttransplant complications such as recurrent 
infection or leukemia relapse. 
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Risk of AIDS for Recipients of Blood Components From Donors Who 
Subsequently Developed AIDS 


By Herbert A. Perkins, Susan Samson, Jane Garner, Dean Echenberg, James R. Allen, Morton Cowan, and Jay A. Levy 


Reported cases of acquired immunodeficiency syndrome 
(AIDS) in San Francisco as of March 31, 1986, include 92 
individuals who had donated blood subsequent to 1978. 
Their donated blood components had been transfused into 
406 different recipients. The current status of 336 of these 
recipients was ascertained as of April 1, 1986. Of these, 
223 had died at the time of our first contact, almost all as a 
result of the condition for which they were transfused. 
Seven had developed AIDS; five of these died, two before 
entry into the study and three subsequently. Forty-six 
additional living recipients were interviewed and evalu- 


CQUIRED IMMUNODEFICIENCY SYNDROME 
(AIDS) is caused by a virus or a group of related 
viruses designated lymphadenopathy-associated virus? hu- 
man T cell lymphotropic virus, type HIZ or AIDS-associated 
retrovirus.’ Recently an international committee has recom- 
mended that these viruses be named human immunodefi- 
ciency viruses (HIV).* HIV can be transmitted to patients by 
transfusion of blood components from donors who are car- 
riers of the virus. Although most of these carrier donors 
appear healthy when subsequently examined, virus can 
usually be cultured from their peripheral blood lympho- 
cytes.” Other HIV-infected donors have later developed 
symptoms, signs, and laboratory test results consistent with 
AIDS-related complex (ARC), and a small proportion 
subsequently meet the criteria for a diagnosis of AIDS as 
defined by the Centers for Disease Control (CDC).’ Before 
1983 it was not recognized that persons from groups at high 
risk for AIDS should be excluded as blood donors, whereas it 
is now evident that substantial numbers of cases of AIDS 
occurred in this country as early as 1979, with a few cases 
occurring even earlier. 

The three national blood bank organizations (American 
Association of Blood Banks, American Red Cross, and 
Council of Community Blood Centers) have endorsed a 
statement that recipients should be notified when a donor of 
a blood component that they have received subsequently 
develops AIDS.* Interviewers of patients with AIDS should 
always ask whether they had donated blood for transfusion. 
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ated. Seven had the AIDS-related complex, 18 had anti- 
body to the human immunodeficiency virus (HIV) but were 
otherwise healthy, and 19 had no detectable anti-HIV. Two 
had risk factors other than transfusion. The frequency of 
infection of the recipient decreased as the time interval 
between transfusion and the diagnosis of AIDS in the donor 
increased. This information should be useful when counsel- 
ing patients who have been transfused with biood compo- 
nents from donors later found to be infected with HIV. 

è 1987 by Grune & Stratton, Inc. 


If so, the center where the blood was donated should be 
notified. Often this procedure is done through the local 
health department. 

Ultimately the recipient is informed of the potential 
exposure, and the patient's first concern will be about the 
likelihood that he or she may develop AIDS. This report 
presents information on the risk of becoming infected with 
HIV and of developing AIDS for recipients of blood compo- 
nents whose donors subsequently develop AIDS. It is likely 
that the findings apply equally well when the donor remains 
healthy but anti-HIV is detected. The majority of donors 
with Western blot~confirmed anti-HIV (over 90% in our 
experience} have cells in their bloed from which HIV can be 
cultured. 


PATIENT SELECTION AND METHODS 


The Irwin Memorial Blood Bank collects blood from volunteer 
donors in San Francisco and seven other counties of northern 
California. More than 100,000 donations have been given yearly for 
the past 7 years. As of March 31, 1986, 1.870 cases of AIDS had 
been reported to the San Francisco Department of Public Health, 
which has resulted in the highest per capita incidence of any major 
city in this country. The first case of AIDS associated with receipt of 
a blood transfusion was reported from San Francisco in December 
1982.°'° The blood donor developed AIDS 9 months after the blood 
had been given. In December 1982, the Irwin Memorial Blood Bank 
and the San Francisco Department of Public Health agreed to share 
information so that they could identify all possible AIDS patients 
who had donated blood at an Irwin facility subsequent to 1978. 

The list of AIDS patients reported to the San Francisco Depart- 
ment of Public Health was compared at regular intervals with the 
blood bank files to identify the dates of donation, the blood campo- 
nents made from each denation, and the hospitals to which the 
components were dispensed. The hospital contacted the physician 
who ordered the blood or the current personal physician of the 
recipient. The physician informed the patient that he or she may 
have been exposed to the AIDS agent through transfusion. The 
physician was also requested to ask his or her patient to participate in 
this current investigation. With permission of the personal physician, 
the recipient was contacted, provided with information about the 
study, and asked for written consent to be included in the study after 
the nature of the procedures had been fully explained. The pretocol 
and the consent forms were approved by the University of California 
San Francisco Committee on Human Research. 

Each consenting recipient was interveiwed by an experienced 
member of the blood bank epidemiology staff to determine whether 
there was any evidence that he or she had a risk factor for AIDS 
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apart from transfusion. Such patients were eliminated from the final 
analysis. The interview, which included a brief physical examina- 
tion, also searched for evidence of AIDS or ARC. Blood samples 
were taken for laboratory tests. T cell subset analysis was done in the 
first 13 cases by fluorescent microscopy using OKT4 and OKTS 
monoclonal antibodies (Ortho Pharmaceutical Corp, Raritan, NJ) 
and in the remainder by flow cytometry using Leu-3 and Leu-2 
monoclonal antibodies (Becton Dickinson, Mountain View, CA) ina 
Becton Dickinson FACS Analyzer. Mitogen stimulation of lympho- 
cytes with phytohemagglutinin (PHA) was done in most Cases. 
Mixed lymphocyte cultures (MLC) were attempted in the first 13 
cases and stimulation with pokeweed mitogen (PWM) in the 
remainder. 8,-Microglobulin levels were measured by an enzyme 
immunoassay microtiter technique using reagents supplied by Phar- 
macia Fine Chemicals (Piscataway, NJ). Commercially available 
Abbott kits (Abbott Laboratories, Abbott Park, IL) were used for 
the hepatitis tests, and anticytomegalovirus (CMV) antibody was 
detected by reverse passive latex agglutination (BBL Microbiology 
Systems, Cockeyesville, MD). Serological tests for antibody to HIV 
were performed by licensed enzyme immunoassay (EIA) methods at 
the blood bank. The Abbott EIA method was used in all cases; ENI 
(Electronucleonics, Columbia, MD) and Genetic Systems (Seattle, 
WA) methods also were used when there were discrepancies with 
other tests. Other tests for anti-HIV in all cases were the immuno- 
fluorescent antiglobulin slide test (IFA) at the University of Califor- 
nia, San Francisco (UCSF) and the immunoblot (IB) (Western 
blot) technique at CDC and UCSF." Antibody was considered to be 
present if both IFA and IB were positive and to be absent if both IFA 
and IB were negative. 

Although the majority of recipients had consistent results in their 
multiple tests for antibody to HIV, discrepancies between IFA and 
IB reports were initially noted in six of the 53 cases (11%). Criteria 
for the IB were not standardized initially, but later a gp41 band was 
required for a positive reaction, and with multiple blinded replicates, 
the two laboratories ultimately reported identical results. 


RESULTS 


Clinical status of the recipients. As of March 31, 1986, 
the San Francisco Department of Public Health list of 1,870 
reported cases of AIDS meeting requirements of the CDC 
definition included 90 previous donors from the Irwin Memo- 
ria! Blood Bank. Two additional donors from a neighboring 
blood bank were included early in the investigation; subse- 
quently, only Irwin donors were followed. Most donations 
had been separated into components, each of which had been 
given to a different recipient, and most of the donors had 
given blood multiple times since 1978. The total number of 
patients who had received the components under investiga- 
tion was 406. Of these, 223 (54.9%) were deceased at the 
time of our first contact with their physician. According to 
the records, almost all of these died as a result of the illness 
for which they were transfused, but two cases of AIDS had 
been recognized. In the rest, no evidence for HIV infection 
had been noted clinically or (when done) at autopsy, but it 
had rarely been considered in the differential diagnosis. The 
most common indications for transfusion of the deceased 
patients were gastrointestinal bleeding, leukemia, and car- 
diac surgery. The most common cause of death was leuke- 
mia, but death of unknown cause was equally common. The 
average interval between transfusion and death was 10 
months. Of the remaining recipients, 113 (27.8%) were alive, 
and the status of 70 (17.2%) has not yet been determined. 
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Information on the clinical status of the 223 dead and 113 
living recipients was obtained from their personal physi- 
cians. 

Seven of these recipients had developed ATDS, two died 
before initiation of this study and three between entry into 
this study and preparation of this report. Two were stiil alive 
at the time of this report. We interviewed and evaluated 46 
additional recipients who were alive at the time of our initial 
contact. These were all of the living recipients who lived 
within several hundred miles of us and for whom permission 
had been obtained to participate in the study. Table | 
summarizes the data obtained concerning these 53 recip- 
ients. Eight of the recipients had signs, symptoms, and 
laboratory test results consistent with ARC.° The remaining 
38 recipients appeared to be healthy, but 19 of them had 
antibody to HIV in their sera, and in the other 19 no antibody 
could be detected. The percentage of potentially exposed 
recipients for whom evidence of infection was obtained was 
thus 62% (33/53). Two of the living recipients (one with 
ARC and one with anti-HIV only) acknowledged having 
other risk factors for AIDS; therefore, they will be elimi- 
nated from further analysis. Case no. 14 had had repeated 
sexual contacts with a bisexual male whose antibody status 1s 
unknown. Case no. 33 gave a history of using drugs by 
injection. 

Although there was a wide distribution of recipient ages in 
all four groups, of the four recipients aged 10 or less, one had 
AIDS, and three had ARC. Of the five recipients aged 80 or 
older, two had AIDS, and two had ARC. There was no clear 
effect of the sex of the recipient on susceptibility to infection 
or disease. Although 13 of the 31 infected individuals were 
female and only four of 20 noninfected individuals were 
female, the differences are not statistically significant. The 
most common indications for transfusion were cardiac sur- 
gery (20 cases), orthopedic surgery, (7 cases) and gastroin- 
testinal bleeding (7 cases), all conditions that tend to require 
large amounts of blood. There was no obvious correlation 
between the condition prompting transfusion and the occur- 
rence of infection or AIDS in the recipient, although the 
numbers are too small for meaningful statistical analysis. 
Diseases commonly associated with immunologic depression 
were not encountered among the living patients we investi- 
gated. It should be noted that they would not have been 
reported to us as AIDS cases because the CDC definition 
excluded them. 

Among those patients who were alive when first seen, the 
death rate was highest in those with AIDS, was much lower 
in those with ARC and with antibody only, and was zero in 
those without antibody. These statements are based on the 
patient status when we first attempted to contact them. The 
numbers of RBC, platelet, and fresh frozen plasma compo- 
nents were all significantly greater for recipients who devel- 
oped AIDS, but not if patient no. 3 is omitted. Patient no. 3 
received many platelet transfusions and repeated therapeutic 
plasmapheresis for idiopathic thrombocytopenic purpura. 
HIV infection was not suspected in this case before the 
transfusions. There were no differences in the numbers of 
components transfused between those patients with ARC, 
those with antibody only, and those without detectable 
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antiviral antibody. All three types of components had been 
provided by the donors who later developed AIDS. RBC had 
been given to 21 infected recipients and 13 not infected: 
platelets to eight and seven, respectively; and fresh frozen 
plasma to two each. 

Table 2 relates the recipient's chance of infection or 
disease to the time interval between the transfusion and the 
diagnosis of AIDS in the donor. In six of the seven cases 
where the recipient developed AIDS, the donor was recog- 
nized to have AIDS within 22 months. Infection of the 
recipient was apparent in 90% of the cases where the donor 
developed AIDS within a year, in 62% when the donor’s 
AIDS was recognized between 1 and 4 years, in 20% of those 
with an interval between 4 and 5 years, and in neither of the 
two cases where the interval was over 5 years. Although it 
seems obvious that the longer the interval between transfu- 
sion and the diagnosis of AIDS in the donor, the less likely 
the donor was infected when the blood was taken, it should be 
noted that the differences in Table 2 lack statistical signifi- 
cance. 

Laboratory data. Of the seven cases of AIDS, two had 
no detectable antibody by IB. Case no. 1 (our original case of 
transfusion-associated AIDS)” was tested by IB alone. Case 
no. 5 was positive in the Abbott EIA, negative by Genetic 
Systems EIA, and negative by IFA and IB and was therefore 
considered to be a false-positive by the Abbott method. All 
tests on the ARC cases were consistently positive. In case no. 
36 three EIA tests were reactive (Abbott, ENI, and Genetic 
Systems), but both IFA and IB were nonreactive. Based on 
the latter two test results and the known propensity of EIA 
tests to result in false-positives, this result is assumed also to 
be an EIA false-positive. 

A low WBC count was more common in the AIDS and 
ARC groups. The absolute lymphocyte count was progres- 
sively lower from the antibody-negative to the antibody- 
positive groups to those with ARC to those with AIDS, but it 
is noteworthy that three of the 15 measured in the antibody- 
negative group (20%) had levels below 1,500/nL. Helper / 
suppressor ratios were below 1.0 in all of the AIDS cases and 
in more than 80% of those with ARC or with anti-HIV 
antibody alone. They were also low in 25% of those who were 
negative for anti-HIV antibody. Stimulation indexes with 
PHA, PWM, and MLC did not correlate with the category 
into which the patient fell. 8,-Microglobulin levels were high 
in all of the AIDS cases, but they were abnormal in more 


Table 2. Effect of the Time Between Blood Donation and the 
Development of AIDS in the Donor on the Risk of Infection in the 
Transfused Recipient 


Asymptomatic With 


Months AIDS ARC Anti-HiIV No Anti-HIV 

0-12 4 2 3 1 
13-24 2 1 4 7 
25-36 0 1 6 4 
37-48 1 3 3 2 
49-60 0 0 2 3 
>60 0 0 0 2 
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recipients who had anti-HIV antibody alone than in those 
with ARC. Moreover, 40% of those negative for antiviral 
antibody had an elevated 8,-microglobulin level. 

The laboratory tests were performed at a mean interval of 
26 months after transfusion (range, 10 to 43) in the patients 
with AIDS, 38 months (range, 12 to 71) with ARC, 32 
months (range, 9 to 60) with anti-HIV only, and 43 months 
(23 to 73) in the patients with no antibody to the virus 
detected. 


DISCUSSION 


Our observations on previous recipients of blood compo- 
nents from donors who later developed AIDS demonstrate 
that these recipients are at relatively high risk of developing 
AIDS themselves or of being infected by HIV. Of 336 
recipients whose current status is known, seven (2%) have 
developec AIDS. Of 46 living recipients who do not have 
AIDS, 24 have antibody to HIV (52%), and seven of these 
meet the criteria for ARC. 

The blood components transfused from the donors who 
developec AIDS included all routine components. This fact 
confirms the prevous CDC report that AIDS can be trans- 
mitted by whole blood, RBC and platelet concentrates, and 
fresh frozen plasma.'? There is no evidence in this small 
series that any of these components is more likely to transmit 
AIDS than the others, 

Infection occurred after transfusion of even a single unit 
(case nos. 9 and 19), but in general our patients received 
relatively large amounts of blood components. Recipients 
who developed AIDS received more components on the 
average than those with ARC, with anti-HIV only, or with 
no evidence for infection; but the difference is not significant 
if the atypical case 3 is omitted. Curran et al’? have already 
shown that recipients with AIDS tended to receive large 
numbers of blood components and have reasoned that the 
more donors to whom a recipient is exposed, the greater the 
possibility of receiving an infected unit. This is undoubtedly 
true, but in contrast to the study of Curran et al where the 
recipients were selected because they had developed AIDS, 
the recipients in our study were selected because they had 
received 2 component from a donor who developed AIDS. 
Moreover. we have to explain why antibody-negative recip- 
ients had received an equally large number of components. 
The most likely explanation for our results is that a single 
specified component, no matter how selected, is more likely 
to have been given to a patient who received large numbers of 
components than to a recipient of one or two components. 
Whatever the explanation, the relatively large number of 
components given to these patients could act as a cofactor for 
the development of AIDS in view of the well-established 
immunosuppressive effects of blood transfusion. 

That two thirds of the recipients we identified were 
already dead when we first attempted to contact them can 
also be explained by our case selection method and should 
not be interpreted to be the typical fate of all transfusion 
recipients. Patients who receive large amounts of blood are 
more likely to have conditions that result in early demise. 
There was no evidence in the medical records that this excess 
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of early deaths was related to AIDS. Our assumption that 
they were an artifact of the method of case selection requires 
comparison with a control group of recipients selected by 
identifying a donor who was not infected with HIV. Such 
control studies are underway. 

The absolute lymphocyte count and, to a lesser degree, the 
total WBC count were lowest in AIDS cases compared with 
those with ARC, were less often low in antibody-only cases, 
and were most often normal in the antibody-negative group. 
Helper-suppressor ratios were low in all AIDS cases, in 80% 
of antibody-positive cases (whether or not ARC was pres- 
ent), but also in 25% of antibody-negative cases. Obviously, 
in this group of subjects ill enough to require previous 
transfusions, a low helper-suppressor ratio is even less indica- 
tive of AIDS or HIV infection than it is in a healthier 
population, Functional lymphocyte stimulation tests showed 
a very poor correlation with the presence or absence of HIV 
infection or the stage of disease and would appear to be of no 
help in this type of patient who has other reasons for 
abnormal results in these procedures. 8,-Microglobulin, 
which has been suggested as a test that might indicate the 
likelihood of overt AIDS occurring,'* also appears to be of 
little help in this situation because of the high frequency of 
abnormal results in patients with no evidence of infection by 
the AIDS virus, presumably a result of coexisting illnesses. 

Hepatitis B tests were usually negative in these patients, in 
contrast to their high rate of positive results among the more 
common high-risk groups for AIDS. Homosexually active 
males and intravenous drug users are very likely to have been 
exposed to hepatitis B virus. Blood transfusion recipients are 
exposed far less often because all donor blood is tested for 
hepatitis B antigen, and positive units are discarded. In 
contrast to the results with hepatitis B tests, our blood 
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recipents had a very high frequency of antibody to CMV 
(34/40, or 85%) compared with the 51% rate of positive 
results among our blood donors. This finding suggests that 
exposure to CMV is very likely to occur during blood 
transfusions, but the numbers are small, and the recipients 
were generally older than most blood donors. The frequency 
of anti-CMYV increases with the age of the subject. ft is 
noteworthy that the frequency of anti-CMV antibody did not 
correlate with the presence or extent of HIV infection in view 
of the common hypothesis that infection with CMV may be a 
cofactor that increases susceptibility to the AIDS virus.” 

The most useful prognostic indicators for these recipients 
were the time interval from transfusion until the donor was 
diagnosed as having AIDS and the age of the recipient. 
Recipients below age 11 or over age 79 were much more 
likely to develop overt disease than those of intermediate 
ages. This latter finding may reflect the state of the immune 
system at these ages. The shorter the time interval between 
the transfusion and the onset of AIDS in the donor, the more 
likely the donor was to be infected already at the time the 
blood was given, and the more likely, therefore, that the 
recipient would have antibody as a sign of infection. More- 
over, the occurrence of disease as well as infection appears to 
be more likely the shorter the interval (Table 2). 
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Limiting-Dilution Analysis of the Effects of Colony-Stimulating Factors, 
Phytohemagglutinin, and Hydrocortisone on Hematopoietic Progenitor 
Cell Growth 


By Yoichi Takaue, Christopher L. Reading, Aaron J. Roome, Karel A. Dicke, Sharon Tindle, 
Meena Chandran, and Barbara Devaraj 


The effects of colony-stimulating factors (CSFs), phytohe- 
magglutinin (PHA), and hydrocortisone on the growth of 
human bone marrow hematopoietic progenitor cells (gran- 
ulocyte-macrophage: GM) were analyzed in a limiting- 
dilution assay (LDA). Both low-density bone marrow cells 
separated by discontinuous Percoll gr=dients and a T 
cell-depleted and progenitor-enriched cell fraction ob- 
tained by the combination of counterflow elutriation cen- 
trifugation and Percoll gradients were examined in LDA. 
GCT (monocytoid cell line—conditioned medium containing 
GM-CSF}, human placenta—conditioned medium, bladder 
carcinoma cell line 5637-—conditioned medium (containing 
GM- and G-CSF), and recombinant CSF (G-CSF) directly 


RANULOCYTE-MACROPHAGE (GM) colony- 
stimulating factors (CSFs) are glycoproteins that reg- 
ulate growth and differentiation of GM progenitors.’ Agar 
and methylcellulose colony assays have been used to evaluate 
the effects of CSF," to monitor purification of committed 
hematopoietic progenitors,*'® and to represent a correlate of 
hematopoietic restoration potential of bone marrow (BM) 
aspirates. 

Colony assays in semisolid media have aided the under- 
standing of hematopoiesis, but they have limitations. The 
different preparations of CSFs used and the criteria used to 
define clonal growth make colony results from various labo- 
ratories difficult to compare. Agar or methylcellulose may 
disrupt cellular and extracellular matrix interactions that 
play a role in hematopoietic proliferation and differentia- 
tion.''!? These assays are not linear except at relatively high 
cell concentrations,'*"* and under these conditions, the num- 
ber of colonies obtained may be influenced by helper or 
suppressor accessory cell functions. To conclude that a factor 
has a direct effect on progenitors, it should be demonstrated 
that the observed colony growth is based on single-hit 
kinetics (ie, the factor is affecting only one cell type and not 
operating via an accessory cell). In these culture systems, 
assessment of the effect of CSFs on progenitor growth 
requires purified progenitors. ® However, human hemato- 
poietic progenitor purification is time and labor intensive and 
has met with only limited success.” 

Limiting-dilution analysis has been used to enumerate 
murine hematopoietic progenitors,'*' and recently, we have 
developed a quantitative assay of human BM GM progeni- 
tors by limiting-dilution assay (LDA).” This method was 
shown to detect approximately three times more total pro- 
genitors than methylcellulose colony assays. LDA offers the 
potential for examining mechanisms of factors regulating 
progenitor growth in vitro and, hence, is an ideal method for 
resolving several of the aforementioned problems. Using this 
method, we have evaluated the stimulatory activities of CSFs 
on progenitor growth by using low-density BM cell fractions 
from Percoll gradients. The effects of phytohemagglutinin 
(PHA) and hydrocortisone (HC) on progenitor growth were 
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induced proliferation of progenitors with single-hit kinet- 
ics. In some instances, however, PHA-stimulated lyrapheo- 
cyte-conditioned medium {containing G- and GM-CSF) 
showed deviation from singie-hit kinetics, which damon- 
strated the presence of factor(s) suppressive to progenitor 
growth. in a T cell-depleted, progenitor-enriched fraction, 
PHA alone was found to suppress progenitor growth at a 
level as low as 100 ng/mL. The addition of hydrocortisone 
(10°° mol/L) increased the progenitor frequency but sup- 
pressed progenitor growth at 10°* mol/L. LDA appears to 
be a valuable method for exploring mechanisms of factors 
regulating hematopoietic cell growth. 

© 1987 by Grune & Stratton, inc. 


also analyzed with a T cell-depleted and progenitor-enriched 
fraction that was obtained by the combination of counterflow 
elutriation centrifugation (elutriation)”’ and Percoll gradient 
separation.” We have found that a human giant cell tumor 
line (GCT), human placenta—conditioned medium 
(HPCM), bladder carcinoma—conditioned medium (BCM), 
and recombinant CSF can stimulate the growth of hemato- 
poietic progenitors independent of the effects of accessory 
cells. PHA suppressed CSF-stimulated progenitor growth, 
and HC increased the progenitor frequency at 107° mol/L. 
This analysis allows evaluation of various agents that affect 
hematopoietic cell growth in vitro. 


MATERIALS AND METHODS 
BM Cell Fractionation 


BM aspirates were fractionated to enrich for mononuclear celis as 
previously described.” Without this enrichment, it was difficult to 
detect colonies because of the greater number of nonproliferating 
cells. Briefly, BM was aspirated from normal donors after obtaining 
informed consent. Cells were centrifuged at 600 g for 25 minutes, 
and buffy coat cells (BMBC) were collected. A stock solution of 
100% Percoll was prepared by diluting Percoll (Sigma Chemical Co, 
St Louis) with 1/10 volume of 10x phosphate-buffered saline 
(PBS). The 100% solution was then diluted with Dulbeceo’s PBS 
(GIBCO, Grand Island, NY) to obtain 60% and 40% Percoll 
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solutions. BMBC were layered over a 8-mL gradient consisting of 
4-mL layers of 60% and 40% Percoll (Sigma) in 15-mL polystyrene 
tubes (Becton Dickinson, Oxnard, CA). These were centrifuged for 
20 minutes at 750 g. Cells in the 40/60 Percoll interphase were 
aspirated and washed twice with Hank’s balanced salt solution 
supplemented with 1% fetal bovine serum (FBS). The 40/60 Percoll 
fraction is depleted of erythrocytes, granulocytes, platelets, and 
nucleated red cells and enriched in immature blasts.” Cells thus 
obtained (Fr 40/60) were used to study the effect of CSFs on 
progenitor growth. 


LDA of Progenitors 


LDA was performed as previously described.” Briefly, BM cells 
were resuspended in Dulbecco’s modified Eagle’s medium (DMEM) 
supplemented with 2.6 x 10°? mol/L NaHCO,, 1.8 x 10°? mol/L 
HEPES, 3 x 107° mol/L hypoxanthine, 3 x 107° mol/L thymidine, 
10°? mol/L pyruvate, 5 x 1077 mol/L 2-mercaptoethanol, 1074 
mol/L minimal essential medium (MEM) nonessential amino acids 
(GIBCO), 15% FBS, and CSF at various concentrations. For the 
study of CSFs, 107° mol/L HC sodium succinate (Elkins-Sinn, Inc, 
Cherry Hill, NJ) was added to the medium to suppress the growth of 
residual T cell clones. The cell suspension was mixed by pipetting 
and placed in 60-well microplates (Flow Laboratories, McLean, 
VA) at seven to nine cell densities (10 to 400 cells/10 pL /well). 
Each dilution consisted of one or two plates (60 to 120 wells). The 
plates were then incubated in a humidified atmosphere (37°C, 5% 
CO, in air), and the medium was replaced every other day. After 10 
days the number of cells in the largest cluster of blasts in each well 
was counted by using an inverted microscope. Control wells were 
incubated without CSFs. 


Statistical Analysis 


Linear regression analysis was applied to the limiting dilution 
data to calculate the best slope. The resulting straight line 
allowed calculation of the progenitor frequency. Confidence inter- 
vals for the slope were calculated by using a form of Student’s ¢ test. 
Conformance of the data to linearity was tested by using a chi- 
square analysis; a probability P > .05 indicated single-hit kinetics, 
thus demonstrating the activity of a single limiting cell type. 


Morphological Evaluation 


The cells were examined morphologically by using Wright’s 
stained cytocentrifuge preparations (Shandon Products, Astmoor, 
England). To minimize distortions, slides were also made by unit 
gravity sedimentation. This was especially useful in examination of 
immature blasts.” The slides were also analyzed for nonspecific 
esterase, naphthol-AS-p-chloroacetate esterase, and myeloperoxi- 
dase (Sigma) by following the manufacturer’s instructions. 


CSFs 


Five types of CSFs were evaluated at various concentrations. 
HPCM, prepared by the method of Burgess et al,”° was tested at 1% 
to 20%. PHA-stimulated leukocyte-conditioned medium (PHA- 
LCM) was prepared by using the method of Iscove et al” with minor 
modifications. Normal donor peripheral mononuclear cells were 
cultured at 2 x 10° cells/mL in DMEM with 7.5% FBS and 7.5% 
human AB serum in the presence of PHA (10 ug/mL, Sigma) at 
37°C, 5% CO, for four days. The medium was harvested, filtered, 
and tested at 1% to 10%, with and without | U/mL erythropoietin 
(Epo; Connaught, Toronto, Ontario, Canada). A single lot of the 
culture medium of GCT” (GIBCO) was used at 1% to 20%, 
Conditioned medium of human bladder carcinoma cell line 5637 
(kindly provided by Dr Fogh, Memorial Sloan-Kettering Cancer 
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Center)” was tested at 0.5% to 10%. The 5637 cells were cultured in 
RPMI 164) supplemented with 10% FBS, and the medium was 
harvested every three or four days, filtered, and stored at 4°C. 
Recombinant CSF, provided by Dr Souza, Amgen, Inc (Thousand 
Oaks, CA), was tested at 10 to 500 U/mL. 


Effects of PHA and HC on Progenitor Growth 


PHA-M (Sigma) was diluted with supplemented DMEM. HC 
sodium succinate was prepared according to the manufacturer’s 
instructions and then diluted with supplemented DMEM. The LDA 
was performed as earlier by using cells from elutriation and Percoll 
gradient centrifugation (Fr 3:40/60 cells) with the addition of PHA 
or HC. When testing PHA. no HC was added to the culture. Fresh 
PHA (0.01 to 10 g/mL} and HC (1077 to 10°* mol/L) were 
prepared for each experiment, 


RESULTS 


Composition of Cells After Percoll Separation and 
Elutriation of BMBC 


The cel. recovery in Fr 40/60 from the Percoll gradient 
was 11.2% of the initial BMBC layer. The average cell 
compositicn in this fraction was in agreement with our 
previous study”: 18.7% unclassified blasts plus myeloblasts, 
2.4% prom yelocytes, 3.7% myelocytes plus metamyelocytes, 
15.4% granulocytes, 9.1% erythroblasts, 13.7% monocytes or 
macrophages, and 39% Ivmphocytes. 

For test.ng T cell—~active agents for their direct effects on 
progenitors, T cells were eliminated by elutriation of BMBC 
cells before the Percoll gradient. After elutriation, the high- 
est cell count was observed in the large cell fraction (Fr3), 
which contained about 60% of the input cells, most of them 
having the morphology of myelomonocytic cells. When this 
fraction was further separated by discontinuous Percoll 
gradient centrifugation, the 40%/60% layer (Fr: 3,40/60) 
contained 50% to 80% blasts and promyelocytes and was 
five- to ninefold enriched for progenitor activities over the 
BMBC layer.”' By limiting-dilution analysis, we have shown 
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Fig 1. The actual distribution of ceils in each well (bars) and 
the expected Poisson distribution {line} were shown. In this 
experiment, celis were plated at 10 celis/well in 360 wells, and 
three hours ater, the number of calls in each well was counted by 
using an inverted microscops. In a separate experiment. the actual 
distribution of cells at one cell/well was also tested. in both 
experiments, the observed distribution conformed to the Poisson 
distribution. 
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Fig2. Examples of colonies in microwells examined by phase- 
contrast microscopy at day 10 of culture: (A) =10 cells, and (B) 
240 cells colonies. 


that this fraction contains only 1/3,000 to 1/10,000 T 
cells.” 


LDA of the Growth of BM Cells 


For the statistical approaches used in this analysis to be 
valid, it was necessary to demonstrate that the cell suspen- 
sion was uniform (ie, did not contain clumps that would be 
scored as colonies) and could be distributed in the 10-uL 
wells by filling the plates (ie, the cells did not sediment into 
the wells from the additional volume above the wells during 
the plating). We verified the actual number of cells remain- 
ing in each well after distributing a known cell concentration 
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into the microwell plates (Fig 1). In this experiment, the cells 
were plated at 1,000 cells/mL, and a typical Poisson distri- 
bution” was confirmed with a peak at ten cells per well. Cells 
were also plated at 100 cells/mL in 180 wells, and the cell 
distribution was examined in the same way; the percentage 
of wells that contained no cells was 36% (66/180). This is 
close to the result predicted by the zero term of the Poisson 
distribution (37% negative wells). Thus, the statistical vehi- 
cles used for the analyses were appropriate. 

Clones of proliferating cells were distinguished from the 
nondividing cells remaining in the wells by their larger size, 
refractile surface by phase-contrast microscopy, and homo- 
geneous appearance (Fig 2). Nonproliferating cells and 
aggregates usually disappeared by the seventh day of culture. 
We also investigated the optimum duration of growth for the 
analysis. The data obtained at day 10 showed the highest 
progenitor frequencies with narrowest confidence intervals in 
the linear regression analysis; therefore, cultures were scored 
on day 10. By day 14, the cells had usually degenerated, and 
colonies could not be scored. 

Before determining the degree to which various factors 
influence growth of progenitors in vitro, it was necessary to 
establish the criteria to be used in scoring a well as positive 
for growth. No colonies consisting of more than eight cells 
were formed in wells with Fr 40/60 cells cultured without 
CSF or in wells with 500 purified T lymphocytes. Initially, 


>30, and =40 cells/colony). When more than one colony was 
present, only the largest colony in each well was scored. 
When the confidence intervals were compared for each 
criteria, the criterion =10 cells was determined to be the 
most reliable. Calculated frequencies of progenitors cultured 
with 10% GCT and scored by the different criteria from 
eight different donors are shown in Table H. 

The estimated frequency of progenitor ceils was obtained 
by analyzing the relationship between the number of cells 
plated per well and the percentage of wells found to be 
negative for cell growth. According to the zero term of the 
Poisson distribution, each well may be considered to contain 
an average of one precursor when 37% of a series of replicate 
wells are negative. In previous experiments using 10% GCT, 
it was shown that each criterion including =8, = 10, =20, 
= 30, and =40 cells/colony demonstrated single-hit kinetics, 


Table 1. GM Progenitor Frequencies in LDA 


Experiment 28 210 
1 1/58 + 4 1/72 +2 
2 1/56 +5 1/65 +1 
3 1/84 +5 1/99 +4 
4 1/115 + 14 1/143 + 12 
5 1/32 + 4 1/39 +3 
6 1/74 +5 1/86 + 4 
7 1/82 +7 1/659 +6 
8 1/40 + 4 1/44 + 2 
Mean 1/64 1/76 


Abbreviation: ND, not determined. 


Number of Cells/Colony* 

220 230 = 40 
1/110 + 17 1/147 + 21 1/206 + 29 
1/123 + 10 1/207 + 17 1/290 + 45 
1/144 + 6 1/202 + 15 1/247 + 18 
1/249 + 32 ND 1/353 z 5? 

1/51 + 12 1/84 + 20 1/97 + 
1/124 +8 1/166 + 14 1/203 + 13 
1/78 + 11 1/88 + 8 1/99 + 10 
1/47 +7 1/58 + 11 1/71 2 10 

1/116 1/136 1/196 


*in each experiment, the same plates were scored five times by using criteria from =8 to = 40 cells to define a colony. Precursor frequencies were 
determined as described in the test for each criterion. Data are given as the mean precursor frequencies for each criterion + SD. 
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thereby indicating that only one cell type was limiting in the 
culture system. Thus, no helper or suppressor accessory cell 
function affecting progenitor growth was observed under 
these conditions. 


Screening of CSFs on Progenitor Growth 


GCT. In the absence of a source of CSF, no colonies 
were observed. In most experiments, GCT supported progen- 
itor cell growth with single-hit kinetics at various concentra- 
tions (1% to 20%); however, the highest frequency was 
observed with a concentration of 10%. The dose response of 
progenitor growth demonstrated normal biologic variation 


Table 2. Progenitor Frequencies in LDA Cultured 


from donor to donor, but a representative experiment is 
demonstrated in Fig 3A. When progenitor frequency was 
compared with that of other CSFs, GCT usually yielded the 
highest frequency (Table 2). The colony-forming cells har- 
vested from cultures containing GCT showed both myeloid 
(86%) and macrophage-monocyte (14%) differentiation 
(Table 3). 

HPCM. A similar trend was observed in cultures con- 
taining HPCM. Progenitor growth with single-hit kinetics 
was supported by HPCM, and maximum progenitor yields 
were observed at 5% or 10% concentration (Fig 3B). Lower 


Table 3. Effect of Different CSFs on Progenitor Maturation 





Differential Counts (%) 





Wih Eileen vers Factor Promye/Biast* Juvenile  Polys Macrophage/Monocyte 

Experiment 10% GCT 10% HPCM 5% PHA-LCM 1% BCM GCT 50 14.5 24 3 143 7 

1 1/99 1/124 ND ND HPCM 75 9.1 114.2 44 

2 1/143 1/176 1/225 ND PHA-LCM 53 11 8.3 28 

3 1/39 1/167 ND ND BCM 55 8.2 20.3 16.3 

4 1/59 1/57 11B "93 BM mononuclear celis were stimulated with various sources of CSF as 

5 1/44 1/28 1/71 1/57 f . f 

described in the footnote to Table 2, representative welis were harvested 
6 1/132 ND ND 1/171 


in each experiment, cells from a single marrow sample were stimulated 
with the indicted sources of CSFs, and the progenitor frequencies were 
determined as described in the text by using the criterion = 10 cells/ 
colony. 


at day 10 and pooled, and differential morphological examinations were 
performed. The average results of three to four experiments are shown. 

*Promye/Slasts include immature blasts, myeloblasts and promyelo- 
cytes. Juvenile myeloid celis include myelocytes and metamyelocytes. 
Polys are polymorphonuclear leukocytes. 
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levels appeared to be limiting, and in one donor, the response 
to 1% HPCM deviated from linearity. 

BCM. Cell growth with single-hit kinetics was also 
usually observed with BCM (Fig 3C). The maximum pro- 
genitor yield was always obtained with 1% BCM. A nonlin- 
ear response was seen in one donor at the lowest concentra- 
tion (0.5%) and in one donor at the highest concentration 
(10%). Because of the ability of a 1% concentration of BCM 
to yield about the same progenitor frequency obtained with 
other CSFs, the synergistic effect with GCT was evaluated 
by adding 1% BCM to 10% GCT in the culture. The 
progenitor yield remained almost the same as with GCT 
alone (data not shown). 

Recombinant CSF. In three experiments, cultures con- 
taining 250 or 500 U/mL recombinant CSF yielded a linear 
response with approximately the same frequency of progeni- 
tors as 10% GCT. A slightly decreased frequency was 
obtained at 50 and 100 U/mL, and 10 U/mL failed to yield a 
linear response. Thus, as in experiments with GCT, HPCM, 
and BCM, the CSFs directly stimulated progenitor growth 
independent of accessory cell populations. 

PHA-LCM. 1n some cases, PHA-LCM supported cell 
growth with single-hit kinetics, although the progenitor 
frequency was usually low compared with the frequency 
obtained by 10% GCT (Fig 4). No significant change in the 
progenitor frequency was observed after the addition of 
erythropoietin, nor was there any development of erythroid 
cultures. In some cases, however, the presence of suppressor 
or helper effects was evident as deviations from linearity. 
Thus, the results of progenitor growth with PHA-LCM were 
unpredictable. In wells containing PHA-LCM, aggregates of 
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cells were often observed, which suggested the presence of 
residual lectin. Consequently, the effect of PHA alone was 
investigated. 


Effect of PHA and HC on T Cell~Depleted BM Cells 


PHA. As shown in Fig 5, PHA-containing medium 
showed suppressive action on progenitor growth at levels as 
low as 0.1 wg/mL, whereas at least 5 ug/ml of PHA was 
required to stimulate *H-thymidine uptake with lymphocytes 
(data not shown). In cultures containing higher concentra- 
tions of PHA, cells tended to form aggregates. These were 
distinguishable from myelomonocytic cells colonies by mor- 
phology. 

HC. HC was found to have an enhancing effect on 
progenitor growth at concentrations from 107! to 10% mol/L. 
(Fig 6). The addition of HC at this concentration increased 
the progenitor frequency with single-hit kinetics. A concen- 
tration of 10°* mol/L always resulted in suppression, and the 
effect of a 1077 mol/L concentration was subject to variable 
responses with different donors. Colonies from cultures with- 
out HC tended to be smaller and showed signs of early 
degeneration. 


Morphological Evaluation 


Evaluation of cells from wells containing colonies by 
cytochemistry with myeloperoxidase, AS-p-chloroacetate 
esterase, and nonspecific esterase staining demonstrated a 
myelomonocytic lineage (data not shown). Colonies from 
cells cultured with different CSFs were also evaluated mor- 
phologically. No significant difference of CSFs on progenitor 
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Fig 5. LDA in progenitors with PHA-M plus 
10% GCT. A similar suppression was observed in 
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two additional experiments. 
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maturation was observed, as shown in Table 3. Erythroid 
maturation was not observed, even in the presence of erythro- 
poietin. 


DISCUSSION 


LDA is a quantitative method to determine the frequency 
of progenitor cells responsive to stimulatory factors in a given 
population of cells. LDA has proved to be a useful measure 
for evaluating the factors regulating growth of immunocom- 
petent cells.” 1*4 To analyze responding GM precursors in a 
sample that contains mixed cell populations, it is important 
to exclude the possible effects of other cell types such as 
monocytes and T lymphocytes on progenitor growth. This 
can be accomplished because LDA can identify helper or 
suppressive effects. When the number of cells plated per well 
is plotted v the log of the percent nonresponding wells, 
linearity indicates that clonal growth of progenitors is unaf- 
fected by the cells present and only dependent on the 
presence or absence of a progenitor. Deviation from linearity 
indicates the presence of accessory cell populations that have 
helping or suppressing influences on progenitor growth. In 
the presence of suppressor cells, plating increasing numbers 
of cells per well results in an apparent decreasing frequency 
of progenitors. Hence, we adapted LDA to liquid suspension 
human GM progenitor cultures to establish an assay for the 
evaluation of factors regulating hematopoiesis. 

Murine hematopoietic progenitors have been assayed in 
microwell cultures after isolation by fluorescence-activated 
cell sorting. When using an increase in cell number as a 
response to CSF, accessory cell effects could not be ruled 
out.* LDA of murine BM and spleen GM progenitors 
without definition of the criteria for clonal growth was 
hampered by highly variable confidence intervals." 

In semisolid culture systems, various criteria have been 
used to define clonal growth, and the biologic implications of 
these criteria have not been established. In this study, we 
have evaluated different criteria for defining clonal growth 
of progenitors. Most of the criteria used in methylcellulose 
colony assays (eg, =8 cells or =40 cells) can also be used in 
our system. Among them, the criterion = 10 cells appeared to 
provide the most consistent results and was used to compare 
the effect of factors on progenitor growth. We speculate that 
the larger colonies may represent more primitive progenitors 
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Fig 6. LDA of progenitors with HC. Lower 
concentrations increased precursor frequency, 
whereas higher concentrations showed deviations 
from linearity. 


with a greater proliferation potential, whereas the smaller 
colonies may represent more differentiated cells. 

The different responses to CSFs observed in this study 
suggest that the LDA might measure a different set of 
progenitors than the semisolid colony assays. In LDA, the 
best progenitor yield was almost always obtained from 
cultures containing 10% GCT. BCM and recombinant CSF 
produced almost the same number of progenitors, but in 
some instances, PHA-LCM did not. On the contrary, the use 
of GCT in methylcellulose usually yielded a smaller number 
of colonies (CFU-GM plus BFU-E plus CFU-GEMM) 
compared with PHA-LCM (data not shown). For clonal 
culture of primitive hematopoietic precursors, PHA-LCM 
was considered to be essential. However, this does not seem 
to be true in Dexter-type long-term BM culture in which 
primitive progenitors can be enumerated. Fewer mixed colo- 
nies were obtained with 10% PHA-LCM than with 7.5% in 
semisolid culture.°’’ Thus, our results indicate that the crude 
preparation of PHA-LCM cannot be used reproducibly in 
LDA. 

In previous reports, PHA was added to soft agar or 
methylcellulose cultures to study the effect of activated T 
cells on progenitor growth. The addition of PHA was thought 
to promote burst colony formation.” In agar culture systems, 
the addition of PHA alone to T cell-depleted marrow cells 
was reported to have had no effect on GM progenitor growth 
at a concentration of 20 wg/mL.” Additionally, PHA- 
stimulated conditioned medium has been used to stimulate 
the growth of progenitor cells in semisolid and liquid suspen- 
sion cultures.” In LDA, however, a suppressive effect of 
PHA on progenitor growth was observed at levels as low as 
0.1 pg/mL. 

HC prevents the growth and function of T cells” and 
increases marrow granulocyte production in long-term BM 
culture.“ However, reports on the effect of glucocorticoste- 
roids on granulopoiesis in short-term culture systems have 
been contradictory. Suda et al” reported that the addition of 


cells increased the number of granulocyte colonies but 
decreased macrophage colonies in agar culture. Enhanced 
formation of granulocyte colonies was also observed after the 
addition of HC in agar“ and in a diffusion chamber culture 
system.“ Slovick et al,“ however, reported that the addition 
of 10°° mol/L HC did not significantly change the total 
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number of GM-CFC in agar culture. Cheng et al“ also noted 
that the growth of granulocytic colonies in agar was not 
affected by the presence of up to 10°* mol/L HC. In this 
study, HC was shown for the first time to have a direct 
enhancing function on progenitor cell growth in short-term 
suspension cultures at concentrations of 1077 to 107% mol/L. 
Cells cultured with HC also formed larger colonies and 
tended to be more homogeneous and round, similar to 
findings reported by Barr et al.” We found the use of HC to 
prevent T cell growth in our assay system to be critical 
because the possible concomitant growth of T cells may be 
mistaken for or interfere with GM progenitor growth. The 
precise action of HC on progenitor cell growth is still unclear; 
however, LDA provides an approach for further investiga- 
tion. 
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Optimum concentrations of CSFs for progenitor growth 
have been previously reported" that suggest that promo- 
tion of clonal growth by conditioned media is regulated by a 
balance between stimulators and inhibitors. Thus, the 
decrease in progenitor frequencies in wells cultured with 1%, 
5%, and 20% GCT may be due to a deficiency of CSF at 
lower concentrations and to the presence of growth-inhibi- 
tory substances at higher concentrations. In this respect, 
LDA has proved to be a reasonable approach for investiga- 
tion of the mechanism of action of these factors. 
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Lymphoma Cell Line (FL-18) and Epstein-Barr Virus—Carrying Cell Line 
(FL-18-EB) Obtained From a Patient With Follicular Lymphoma: 
Monoclonal Derivation and Different Properties 


By Shoichi Doi, Hitoshi Ohno, Eiji Tatsumi, Yuu Arita, Hiroshi Kamesaki, Shirou Fukuhara, Masaru Nishikort, 
Hiroshi Miwa, Kenkichi Kita, Masakazu Hatanaka, Tasuku Honjo, Hiroshi Fujii, and Haruto Uchino 


A novel cell line, FL-18, was established from the pleural 
effusion of a patient with follicular small cleaved ceil 
lymphoma. At the same time, an Epstein-Barr virus (EBV) 
nuclear antigen (EBNA)-postive ceil line, FL-18-EB, was 
established from the EBV-infected culture of the same 
pleural effusion cells. Both cell lines had the same mono- 
clonal surface immunoglobulin (igGx), and they had the 
same karyotype as that of the fresh pleural effusion cells in 
which a reciprocal translocation between the long arm of 
chromosomes 14 and 18 [t(14:18}(q32:q21)] was detected. 
Gene rearrangement analysis of immunoglobulin heavy- 
chain gene (J,,) and x light-chain gene (Jx) showed the same 
rearranged configurations in the two cell lines; however, 
some morphological and phenotypic differences were 
found. The FL-18-EB cells, which were morphologically 


HE TARGET CELL REPERTOIRE of Epstein-Barr 
virus (EBV) has been studied in terms of EBV nuclear 
antigen (EBNA) inducibility or the occurrence of transfor- 
mation by using human neoplastic B cells from diseases such 
as chronic lymphocytic leukemia,'* prolymphocytic leuke- 
mia, and Waldenstrém’s macroglobulinemia.” Indeed, a few 
lymphoid cell lines were considered to carry EBV and 
definite chromosome aberrations indicative of neoplastic 
origin,” although some authors insisted that EBV-infected 
neoplastic cells were not transformed in most cases.*° Fur- 
ther convincing evidence has not been shown regarding the 
derivation of the alleged EBV-carrying human neoplastic B 
cell lines. 

There is now general agreement that endemic Burkitt's 
lymphoma cells harbor EBV, whereas nonendemic ones are 
commonly EBV-free.’ Two groups have successfully con- 
verted EBV-free nonendemic Burkitt's lymphoma cell lines 
into EBV-carrying ones by EBV infection in vitro.*” Klein et 
al concluded that EBV infection shifted a nonendemic Bur- 
kitt’s lymphoma line (Ramos) into a more “activated 
stage.” Notably, however, little is known about EBV infec- 
tibility of non-Burkitt’s lymphoma cells. We describe here a 
follicular lymphoma cell line (FL-18) and an EBV-carrying 
cell line (FL-18-EB) established from the same source. They 
have the same karyotype and the same pattern of immuno- 
globulin gene rearrangement; however, they are distinct in 
terms of morphology and phenotype, probably resulting from 
the EBV infection itself. 


MATERIALS AND METHODS 


Case report. A 68-year-old Japanese male noted cervical lymph 
node swelling in August 1980. Lymph node biopsy in February 1982 
revealed follicular small cleaved cell lymphoma. He received 
combined chemotherapy and achieved complete remission. A pleural 
effusion developed in July 1984. Cell lines were established from the 
culture of the pleural effusion cells collected at this time. The patient 
gave informed consent. He died in November 1984. 

Preparation of EBV, infection in vitro, and establishment of the 
cell lines. Preparation of EBV and infection in vitro were per- 
formed as previously reported.’ Briefly, the culture supernatants of 
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similar to common EBNA-positive lymphoblastoid ceil lines 
of normal B cell origin at the initial phase of culture, were 
larger than the FL-18 cells and contained multinucleated 
giant cellis. The FL-18 cells lacked cytoplasmic immunogio- 
bulin and were positive for common acute lymphoblastic 
leukemia antigen (CALLA), whereas the FL-18-EB cells had 
cytoplasmic immunoglobulin and were negative for CALLA. 
Thus, the phenotype of FL-18-EB seems to be a result of a 
shift by EBV infection to a more mature stage in the B cell 
differentiation pathway than that of FL-18. The paired 
availability of EBV-free and EBV-infected cell lines of a 
neoplastic clone is unique and valuable in considering EBV 
infectibility of neoplastic B cells and resultant phenotypic 
changes. 

©1987 by Grune & Stratton, inc. 


B95-8 cells were centrifuged for two hours at 13,000 g. The pellet 
was diluted with a nonconcentrated culture supernatant. The pleural 
effusion cells were washed twice in phosphate-buffered saline and 
then were cultured in RPMI 1640 medium supplemented with 10% 
heat-inactivated fetal calf serum (FCS). Two weeks later, continu- 
ous cell growth was observed, and the established cell line was 
designated FL-18. At the same time, 10° pleura! effusion cells were 
incubated with 0.4 mL of the EBV for 90 minutes at 37°C. The 
infected cells were washed twice and cultured in the same manner as 
the untreated culture. They also showed continuous growth and were 
found to be positive for EBNA 2 months later. This EBNA-positive 
cell line was designated FL-18-EB. The FL-18 cells were infected in 
vitro in the same way as the fresh pleural effusion cells. The presence 
or absence of EBNA-positive cells was tested once a week until 3 
months after the infection. The same experiment was repeated three 
times. 

Cytochemical examination, cell surface marker analysis, and 
EBNA. The pleural, FL-18, and FL-18-EB cells were examined 
with peroxidase (POX), a-naphthyl acetate esterase (NAER naph- 
thol AS-D chloroacetate esterase (CAE), "? and PAS.“ Spontaneous 
rosette formation with sheep erythrocytes (E rosette), receptors for 
the Fe portion of IgG (Fey receptor) and receptors for complement 
(C3b and C3d receptor) were examined as previously described.'*'* 
Surface and cytoplasmic immunoglobulin (lg) was tested by the 
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direct immunofluorescence method. Reactivities with monoclonal 
antibodies were tested by the indirect immunofluorescence method. 
Monoclonal antibodies used in this study consisted of OK Ia-1 for the 
HLA-DR antigen, B1,” B2,"* JS for common acute lymphoblastic 
leukemia antigen (CALLA),'* Leu-1,% PCA-12' EBVCS-4,” 
EBVCS-5,” and OKT9.” EBNA was tested according to the 
method of Reedman and Klein.” 

Cytogenetic study. The pleural effusion cells were processed 
after short-term culture (24 hours) in RPMI 1640 medium supple- 
mented with 20% FCS at 37°C. The cells were harvested after a 
60-minute incubation with Colcemid and then treated with 0.075 
mol/L KCI for 20 minutes before they were fixed in methanol acetic 
acid (3:1). Metaphases were banded by trypsin-Giemsa (G-band).” 
Chromosome analysis of the cultured FL-18 and FL-18-EB cells was 
done 6 months after the initiation of the culture. Metaphase 
preparation was performed when the cells showed exponential 
proliferation. Processing and banding methods were the same as 
those of the pleural effusion cells. 

Gene rearrangement analysis of Ig heavy chain and light 
chain. Genomic DNA was extracted from the THP-1 (for control), 
FL-18, and FL-18-EB cells as previously described” and digested 
with BamHI. The digested DNA was fractionated by agarose gel 
electrophoresis and transferred to nitrocellulose paper according to 
the method of Southern.” The 3.4-kilobase (kb) EcoRI-HindlIl 
fragment of the joining region of the heavy-chain gene and the 2-kb 
Sacl-Sacl fragment of the joining region of the x chain gene were 
used as Jy and Jx probes. The nick-translated “P-labeled probes 
were hybridized to the nitrocellulose filters and visualized on autora- 
diograms. 


RESULTS 


Morphological findings. Cytocentrifuged smears of the 
FL-18 and FL-18-EB cells are shown in Fig 1. The pleural 
effusion cells were small cleaved lymphoid cells that were 
morphologically the same as the lymph node cells with a 
diagnosis of follicular lymphoma. The FL-18 cells were also 
small to medium in size. The FL-18-EB cells, however, were 





Fig 1. May-Giemsa stain of cytocentrifuged smears of (A) 
FL-18 and (B) FL-18-EB. 
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Table 1. Cytochemical and Immunologic Markers of Pleural 
Effusion Cells, FL-18, and FL-18-EB 





Pleural Effusion 





Markers Celis (%) FL-18 (%) FL-18-EB (%) 

POX — 
NAE - - 
CAE -- ~ ~ 
PAS ' 
E rosette <1 o o 
Fey receptor tZ 4 1 
C3b receptor <1 3 1 
C3d receptor NT 2 18 
Surface lg 

K 1 75 15 

À 0 0 0 

u 0 0 o 

Y 0 75 14 

a 0 0 o 

a 0 0 0 
Cytoplasmic lg 0 o x, 32: y, 28 
HLA-DR 80 99 70 
B1 87 99 77 
B2 NT 8 49 
CALLA 1 67 o 
Leu-1 10 0 0 
PCA-1 NT 0 0 
OKT9 NT 53 63 
EBVCS-4 NT o 73 
EBVCS-5 NT 0 63 
EBNA o 0 100 





Abbreviation: NT, not tested. 


larger than the FL-18 cells and contained multinucleated 
giant cells. The FL-18-EB cells were indistinguishable from 
the cells of common lymphoblastoid cell line of normal B cell 
origin at the early phase of the culture because the FL-18-EB 
cells formed firm clumps and exhibited pseudopods.”* 
Cytochemical examination, surface marker analysis, and 
EBNA. Table | shows the results of cytochemistry and cell 
surface phenotype including reactivities with the monoclonal 
antibodies and EBNA. The pleural, FL-18, and FL-18-EB 
cells were all negative for POX, NAE, or CAE. The FL- 
18-EB cells were positive for PAS, although the pleural 
effusion cells and FL-18 cells were negative. The fresh 
pleural effusion cells were positive for HLA-DR and B1 and 
were negative for E rosette or Leu-1, whereas surface lg was 
not detected. B2 was not tested in the pleural effusion cells. 
The FL-18 cells were also positive for HLA-DR and B1. 
Unlike the pleural effusion cells, the FL-18 cells had surface 
lg (lgGx) and were positive for CALLA. They expressed the 
B2 antigen only to a limited degree. The pleural effusion cells 
and the FL-18 cells were negative for EBNA. Virtually all of 
the cells of FL-18-EB were positive for EBNA. They were 
also positive for HLA-DR and BI and had monoclonal 
surface Ig (IgGx). They had cytoplasmic Ig and expressed 
the B2 antigen in a major population. They were negative for 
CALLA. Neither of the two cell lines was reactive with 
PCA-1. EBVCS-4 and -5, which have been reported to react 
specifically with common lymphoblastoid cell lines of B cell 
origin, reacted with FL-18-EB but not with FL-18. 
Cytogenetic study. Table 2 shows the results of the 
chromosome analysis of the fresh pleural, FL-18, and FL- 


MONOCLONAL EBV(+) LYMPHOMA LINES 


Table 2. Summary of the Karyotype of the Pleural Effusion Cells, 
FL-18, and FL-18-EB 


49, XY, +X. +7, +12, dir ins(13;8) 


(q14;q22q24), t(8;22) (q24;q13), 
(14; 18) (q32;21) 


Pleural effusion cells 


FL-18 49. XY, +7, +12, — 17, +dei(X) 
(p11), del(6) (p11), dir ins(13;8) 
(q14;q22q24), 1(8;22) (q24;q13), 
t(14; 18) (q32;q2 1), 


+ der{17)t(17:?) (q23;?) 


FL-18-EB 49, XY, +X, +7, + 12, dir ins(13;8) 
(q14:q22q24), t(8;22) (q24:q13), 
t(14; 18) (q32;q2 1) 

(Tetraploid) 94, XX, —Y, 

4n+(+7, +7, +12, +12}, 2x dir 
ins{ 13:8) (q14:q22q24), 2x t(8;22) 
(q24:q13), 2x t(14;18) (q32;q21) 


18-EB cells. The fresh lymphoma cells were hyperdiploid, 
and the modal chromosome number was 49 with gains of 
chromosomes 7, 12, and an X. They showed a reciprocal 
translocation between the long arms of chromosomes 14 and 
18 [t(14;18)(q32;q21)]. In addition, complex chromosome 
rearrangements involving nos. 8, 13, and 22 were observed. 
FL-18 also had a 14q+ marker chromosome that was the 
result of a translocation between nos. 14 and 18. The modal 
karyotype was the same as that of the pleural effusion cells. 
In some cells, however, additional abnormal chromosomes 
such as 6p—, 17q+, and Xp— were found. The modal 
karyotype of FL-18-EB was the same as that of the fresh 
lymphoma cells. The additional abnormal chromosomes 
observed in FL-18 were not found in FL-18-EB. Fifty 


Fig2. Southern blot analysis of DNA from THP-1 (for 
control), FL-18, and FL-18-EB when using J, and Jk as 
probes. The germlines of 19 kb and 10 kb are indicated 
respectively. Rearranged bands are demonstrated at the 
same positions in FL-18 and FL-18-EB. 





1621 


percent of the karyotypes of FL-18-EB showed a tetraploid 
genome. None of the FL-18-EB cells showed a normal 
karyotype. 

Gene rearrangement analysis of Ig heavy chain and light 
chain. Fig 2 shows the gene rearrangement analysis of Ig 
heavy chain and «x chain when using BamHI as a restriction 
endonuclease. Two clonally rearranged bands in the analysis 
using Jų as a probe and one rearranged band in that using Jx 
were observed at the same positions in FL-18 and FL-18-EB. 
The pleural effusion cells were not available for this study. 

In vitro infection of FL-18 with EBV. Virtually no 
EBNA-positive cells were induced among the treated FL-18 
cells. 


DISCUSSION 


FL-18 is thought to be derived from the lymphoma cells in 
the pleural effusion of a patient with follicular small cleaved 
cell lymphoma because it carried the same karyotype as that 
of the pleural effusion cells and was negative for EBNA. 
Cytogenetically, FL-18 had a reciprocal translocation 
between the long arms of chromosomes 14 and 18 
[t(14;18)(q32;q21)], which is known to be specific for folli- 
cular lymphoma.” The details of the karyotype of FL-18 
have been reported previously.” FL-18 had monoclonal 
surface Ig globulin (lgGx), although no surface or cytoplas- 
mic Ig was detected in the pleural effusion cells. 

We also established an EBV-carrying cell line, FL-18-EB. 
It is unlikely that FL-18-EB is a common lymphoblastoid cell 
line derived from norma! B cell in the pleural effusion 
because FL-18-EB had the same karyotype and monoclonal 
Ig as FL-18. Moreover, Ig gene rearrangement analysis 
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using Jų and Jx as probes revealed the same rearranged 
bands in the two cell lines, thereby indicating their clonal 
identify. 

Several morphological and phenotypic differences were 
found between FL-18 and FL-18-EB. Unlike the FL-18 cells, 
the FL-18-EB cells were larger and contained multinu- 
cleated giant cells. At the early stage of passage, the FL- 
18-EB cells were morphologically indistinguishable from 
common lymphoblastoid cell lines of normal B cell origin. 
Some investigators have described similar changes accom- 
panying EBV transformation of neoplastic B cells. Karande 
et al reported that EBV-transformed chronic lymphocytic 
leukemia cells were morphologically similar to common 
lymphoblastoid cell lines.’ Fresen and zur Hausen also 
reported that their EBV-infected BJAB cells contained mul- 
tinucleated gaint cells.’ In addition, the expression of the 
EBVCS-4-~ or -5—determined antigen can be regarded as a 
feature shared by common lymphoblastoid cell lines with 
FL-18-EB but not with FL-18. It should be noted that the 
antigen is not related specifically to EBV infection of the cell 
lines because Raji cells do not express this antigen. 

The FL-18-EB cells expressed the B2 antigen, whereas the 
FL-18 cells hardly did. The C3d receptor detected with B2 is 
thought to be a receptor molecule for EBV.” The augu- 
mentation of the C3d receptor on the FL-18-EB cells may be 
a result of EBV infection as has been described.’ Alterna- 
tively, EBV may have infected the C3d receptor—positive 
subpopulation of the fresh lymphoma cells, thereby leading 
to the generation of FL-18-EB, although the extent to which 
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the fresh cells expressed the B2 antigen is unknown. The 
FL-18 cells lacked cytoplasmic Ig and were positive for 
CALLA, whereas the FL-18-EB cells had cytoplasmic Ig 
and did not express CALLA. It is generally thought that, in 
the differentiation from B cells to plasma cells, cytoplasmic 
ig appears and surface Ig fades away.** CALLA, which is 
expressed on most of the precursors of B cells such as 
common ALL and a part of B cells, disappears in the 
differentiation of B cells.” Therefore, FL-18-EB seems to be 
closer to plasma cells than FL-18 is, although the FL-18-EB 
cells did not react with PCA-1, which is thought to be 
specific for plasma cells.*' These phenotypic differences are 
probably due to EBV infection itself rather than to the clonal 
difference of the two cell lines. To confirm the effect of EBV 
infection on the lymphoma cells, we tried to infect the FL-18 
cells with EBV in vitro. No EBNA-positive cells were 
induced in any experiments. However, further studies are 
necessary to prove the absence of the infectibility. 

The FL-18 and FL-18-EB cell lines may be of value for 
examining two isogenic cell lines at slightly different stages 
of maturation, 
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Identification and Characterization of a Unique Subpopulation 
(CALLA/CD10-Negative) of Human Neutrophils Manifesting a Heightened 
Chemotactic Response to Activated Complement 


By Robert T. McCormack, Robert D. Nelson, Dennis E. Chenoweth, and Tucker W. LeBien 


We have previously demonstrated that human neutrophils 
synthesize the common acute lymphoblastic leukemia anti- 
gen (CALLA/CD10). To determine whether CALLA/CD10- 
positive and -negative neutrophils have similar or distinct 
functional attributes, we sorted normal peripheral blood 
neutrophils for CALLA/CD10 expression and compared 
their chemotactic ability. Surprisingly, the low-frequency 
(~5%), CALLA/CD10-negative neutrophils displayed a dra- 
matically heightened chemotactic response to activated 


HE PHENOTYPIC AND FUNCTIONAL hetero- 
geneity of peripheral blood mononuclear cells has been 
largely defined by using monoclonal antibodies.'? Functional 
heterogeneity of human polymorphonucleated neutrophils 
was intially suggested over 60 years ago,’ and more recent 
studies have documented heterogeneity of neutrophil func- 
tion,*"? density,'*!° and RNA/protein biosynthesis.'© Mono- 
clonal antibodies have also been applied in further attempts 
to unravel heterogeneity of neutrophil origin and func- 
tion. 

The common acute lymphoblastic leukemia antigen 
(CALLA/CD10) is a 95-kD cell surface molecule originally 
characterized on ALL cells by Greaves et al.” 
CALLA/CDIO has subsequently been identified on normal 
and malignant cells of both hematopoietic and nonhemato- 
poietic origin, ®*™ including neutrophils. ™™ć We have recently 
confirmed and extended the observations of others™* by 
showing that neutrophils synthesize and insert CALLA/ 
CD10 into their membranes.” However, blocking studies 
with the anti-CALLA/CDi0 monoclonal antibody BA-3 
failed to ascribe any role for CALLA/CDI1O in neutrophil 
function.” 

in the experiments reported herein, we have identified a 
rare subpopulation (~5%) of segmented peripheral blood 
neutrophils from normal donors characterized by (a) an 
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complement {C} that was {a} specific for C’, (b) not 
observed with other minor subpopulations of neutrophils, 
{c) not due to previous activation in vivo or in vitro, and {d} 
apparently not due to an increase in C5a receptors. These 
results underscore the concept of neutrophil heterogeneity 
and prompt the hypothesis that CALLA/CD10-negative 
neutrophils may participate in an inflammatory response to 
trauma involving complement activation. 

©1987 by Grune & Stratton, inc. 


absence of cell surface CALLA/CD10 and (b) the presence 
of a heightened chemotactic responsiveness to activated 
complement (C’). The potential biologic significance of our 
results is discussed. 


MATERIALS AND METHODS 


Monoclonal antibodies. The anti-CALLA/CDIO monoclonal 
antibody BA-3 is an IgG2b antibody that was produced and charac- 
terized in this laboratory.” AHN-1 is an [gM monoclonal antibody 
that recognizes a 150/105-kD complex on neutrophils and was 
kindly provided by Dr Keith Skubitz. University of Minnesota. 
OkM-1, a monoclonal antibody that recognizes the C3bi receptor,” 
was purchased as a fluorescein isothiocyanate conjugate (FITC- 
MO-1) from Coulter Diagnostics, Hialeah, FL. 

Purification of neutrophils. Peripheral blood neutrophils were 
purified from heparinized whole blood by using Ficoll-Hypaque 
centrifugation followed by hypotonic lysis of erythrocytes. Final 
preparations contained >95% neutrophils, with the remainder of the 
cells being contaminating eosinophils and basophils. 

Immunofluorescence analysis and cell sorting. Neutrophils 
were stained with monoclonal antibodies and analyzed by indirect 
immunofluorescence as previously described.” Cell sorting of 
peripheral blood neutrophils was accomplished by using a fluores- 
cence-activated cell sorter (FACS IV, Becton Dickinson, Mountain 
View, CA) equipped with a 5-W argon ion laser. The distribution of 
CALLA/CD10-positive and -negative neutrophils was determined 
on each donor, and the fluerescent gains were adjusted to collect 
positive and negative cells. At a sort rate of 3 to 4 x 10° cells/s, we 
could collect enough CALLA/CD10-negative neutrophils for func- 
tional studies in four hours. When the percentage of CALLA/ 
CD10-negative peripheral biood neutrophils was less than 5% of the 
total neutrophils stained, the gains were increased to 5% of the total 
cells to facilitate the sorting time. CALLA/CD10-positive and 
-negative neutrophils were collected into 15-mL conical tubes con- 
taining phosphate-buffered saline (pH 7.2) with 2.5% fetal bovine 
serum and 0.02% sodium azide (PBS-F). The tubes were shaken 
periodically to keep the neutrophils in suspension. After sorting, the 
cells were washed twice in PBS-F, counted, and assayed for chemo- 
tactic function. A sample from each CALLA/CD10-positive and 
-negative fraction was removed and examined for cell morphology by 
using Wright-Giemsa staining. Four populations of cells from each 
donor were examined for chemotaxis: (a) unstained, unsorted cells 
that served as a control for the effects of sorting on chemotaxis: (b) 
cells stained with BA-3 and FITC-—goat antimouse (GAM) but not 
sorted to control for the effects of antibody binding on chemotaxis: 
(c) cells stained and sorted as CALLA/CD10-positive; and (d) cells 
stained and sorted as CALLA/CD10-negative. Unstained, unsorted 
and stained, unsorted cells were held on ice during the sort to 
minimize lability. 
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The aforementioned procedure was also followed for sorting 
AHN-1-positive and -negative peripheral blood neutrophils with 
the following exception: only two populations of cells were prepared 
for each donor, unstained /unsorted celis and AHN-1—negative cells 
(see Results). 

Unsorted, purified neutrophils were subjected to two-color flow 
cytometric analysis to determine the relationship between expression 
of CALLA/CD10 and CSa receptors. Neutrophils at 1 x 10°/mL 
were first stained with FITC-CSa for 25 minutes at room tempera- 
ture at a final C5a concentration of $ or 50 nmol/L.“ The cells were 
washed once with PBS-F and sequentially stained with BA-3 or 
control ascitic fluid (both 1:100), GAM-biotin (Boeringer Mann- 
heim Biochemicals, Indianapolis) at 7.5 ug/ml, and 5 pL stock 
phycoerythrin-avidin (Becton Dickinson), all for 30 minutes at 4°C 
in a final volume of 100 uL interspersed with two washes in PBS-F. 
Two-calor analysis was conducted with a FACS 440 analyzer 
(Becton Dickinson) with a 488-nm excitation wavelength from an 
argon laser. FITC and phycoerythrin emission wavelengths were 
detected by using 535-20 and 575-15 dichroic interference filters, 
respectively, Phycoerythrin emission detection was corrected for 
stray FITC emission, and the results were analyzed on a Consort 40 
computer (Becton Dickinson) using a DISP2D program. 

To examine the relationship between CALLA/CD1O and C3bi 
receptor expression, neutrophils were sorted into CALLA/CD10- 
positive and -negative fractions by using BA-3, GAM-biotin and 
phycoerythrin-avidin. Sorted cells were washed twice with PBS-F, 
and CALLA/CD10-positive and -negative and unsorted cells were 
then stained with FITC-MO-1! according to the manufacturer's 
instructions. The cells were then examined for green fluorescence. 

Chemotaxis. Chemotaxis was performed by the agarose method 
of Nelson et alt! with gelatin as a protein source. Serum collected 
from the same donor whose neutrophils were being assayed served as 
an eventual source of C. V-Formyl-methionyl-leucyl-phenylalanine 
(F-mlp, Pierce Biochemicals, Rockford, IL) was used at a final 
concentration of 5 x 10°° mg/mL. 

Statistics. The two-tailed Student's test was used as a test for 
statistical significance. 


RESULTS 


Chemotaxis and random migration of CALLA/CD1O0- 
positive and CALLA/CD10-negative peripheral blood neu- 
trophils. We” and others**** have previously reported that 
~95% of normal peripheral blood neutrophils express CAL- 
LA/CD10. To determine the relationship between CALLA/ 
CD10 expression and neutrophil function, we sorted periph- 
eral blood neutrophils from six normal donors into CALLA/ 
CD10-positive and -negative populations and tested for 
chemotactic response to C’ and F-mlp. The results in Table | 
show that there was no significant difference in the chemo- 
tactic response to C’ between unstained/unsorted, stained / 
unsorted, and sorted CALLA/CD10-positive cells. The 
slight inhibition observed in the stained/unsorted and sorted 
CALLA/CD10-positive cells is consistent with other data 
from this laboratory indicating that BA-3 has a slight 
inhibitory effect on chemotaxis.” In striking contrast, the 
chemotactic response of CALLA/CD10-negative cells 
toward C’ (5.52 + 0.99) was significantly greater than that 
of either CALLA/CD10-positive cells (3.19 + 1.48, 
P < .001) or unstained/unsorted cells (3.68 + 1.51, 
P < 001). Differences between CALLA/CD10-negative 
neutrophils and unstained/unsorted neutrophils are most 
meaningful because the latter population represents the true 
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Table 1. Chemotactic Response of CALLA/CD10-Positive and 
CALLA/CD10-Negative Peripheral Blood Neutrophils 


Ler Sent atts paarina man aana mT ra nary rata tres SA BALM ted 








Celis Stimulus 
Stained Sorted C F-mip RM 
-= ~ 3.68 + 1.51* 3.93 + 0.80 1.67 + 0.36 
+ — 3.22 + 1,72 3.702 1.92 1.62 + 0.37 


+ CALLA/CD104+ 3.19 + 1.48 3.98 + 080 1.67 + 0.48 


+ CALLA/CD1O— 5.52 + 0.99 


Neutrophils were separated into CALLA/CD 10-positive or -negative 
fractions by using a FACS iV and tested for chemotaxis. CALLA/ 
CD10-negative cells were assayed in duplicate or triplicate for each 
chemoattractant, depending upon cell yield. All other populations were 
assayed in triplicate. 

Abbreviation: RM, random migration. 

*Means + SD of the chemotactic response (measured in centimeters) 
from six donors (three males, three females). 


migratory capacity of neutrophils in vitro. CALLA/CDIO- 
negative neutrophils from male and female donors were 
equally responsive to C’ (data not shown). The heightened 
chemotactic response of CALLA/CD10-negative cells was 
only observed for C’. There were no significant differences in 
the chemotactic response to F-mlp or in random migration 
among the cell populations tested. The similarity in chemo- 
taxis to C’ of unstained/unsorted, stained/unsorted, and 
CALLA/CD10-positive cells in addition to the absence of 
differences in chemotaxis to F-mlp of all populations tested 
indicates that the cell sorting procedure was not unduly 
detrimental to chemotaxis. 

Figure | is a composite of micrographs showing CALLA/ 
CD10-positive (Fig 1A, C) and CALLA/CD10-negative 
(Fig 1B, D) neutrophils migrating in response to C in the 
agarose assay. These micrographs provide direct evidence 
that the predominant CALLA/CD10-negative cells exhibit- 
ing a heightened chemotactic response to C’ were segmented 
neutrophils that were morphologically indistinguishable 
from CALLA/CD10-positive neutrophils. Furthermore, 
there were no CALLA/CD10-positive neutrophils contami- 
nating the CALLA/CD10-negative population when 
checked by immunofluorescence microscopy. Contaminating 
CALLA/CD10-negative eosinophils and basophils consti- 
tuted less than 6% of the CALLA/CD10-negative cell 
population and did not contribute to the leading migratory 
front. CALLA/CD10-positive cells were composed entirely 
of mature neutrophils. There were no consistent differences 
observed in the number of cells constituting the leading front 
(as shown in the micrograph) in the CALLA/CD10-positive 
or -negative populations. 

Specificity of the heightened chemotactic response. Yo 
determine whether the heightened chemotactic response to 
C’ was unique to CALLA/CD10-negative neutrophils, neu- 
trophils were sorted according to reactivity with the mono- 
clonal antibody AHN-1. AHN-I is a neutrophil-specific 
antibody recognizing an antigen that, like CALLA/CDI1Q, is 
expressed on 95% of peripheral blood neutrophils. Because 
AHN-1 has been shown to inhibit neutrophil chemotaxis,” 
only two populations of neutrophils were tested: unstained / 
unsorted and AHN-I-—negative. Results in Table 2 show 
that, unlike CALLA/CD10-negative neutrophils, AHN- 
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l-negative neutrophils did not exhibit a heightened chemo- 
tactic response to C’ (2.02 = 0.05) when compared with 
unstained/unsorted neutrophils (2.72 + 0.48). Indeed, 
AHN-1-negative neutrophils were less responsive to both C’ 
and F-mlp. 

Relationship between CALLA/CD10 and C5a receptor 


expression on peripheral blood neutrophils. To determine 
whether the heightened chemotactic response to C’ was due 
to increased CSa receptors on CALLA/CD10-negative cells, 
we performed two-color flow cytometric analysis on purified 
neutrophils by using FITC-CSa and BA-3 plus GAM-biotin 
and phycoerythrin-avidin as described in Materials and 
Methods. Figure 2 is a representative contour plot from one 
of three normal donors tested by using 50 nmol/L FITC- 
C5a. The vast majority of neutrophils (95%) coexpressed 
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Fig 1. Light micrographs of CALLA/CD10-posi- 
tive (A, C) and negative (B, D) neutrophils migrating 
in response to C’ in the agarose assay. (Panels A and 
B, original magnification x 10; paneis C and D 
original magnification x 100 of cells at the leading 
migratory front; the chemoattractant is to the left in 
all photographs. 


CALLA/CD10 and CSa receptors as shown in the upper 
right quadrant. CALLA/CD10-negative, C5a receptor- 
positive and CALLA/CD10-negative, C5a receptor—nega- 
tive cells each represented 2% to 3% of the total cells 
analyzed as shown in the lower right and lower left quad- 
rants, respectively. It is apparent that no distinct population 
of CALLA/CD10-negative neutrophils express C5a recep- 
tor levels greater than CALLA/CD10-positive neutrophils, 
although there is some heterogeneity in CSa receptor levels 
in CALLA/CD10-negative neutrophils. Similar results were 
obtained from two other donors when using 5 and 50 nmol/L 
FITC-CS5a. We conclude that the heightened chemotactic 
response of CALLA/CD10-negative neutrophils to C’ is not 
attributable to increased numbers of C5a receptors on CAL- 
LA/CD10-negative neutrophils. 
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Tabie 2. Chemotactic Response of AHN-1—Positive and 
AHN-1—Negative Peripheral Blood Neutrophils 


Calis Stimulus 
Stained Sorted (O F-mip RM 
~ ~ 2.72 + 0.48* 3.434032 1.19+0.10 
+ AHN-1— 2.02 + 0.51 2.67 + 0.25 7.02 + 0.04 


ne 


Neutrophils were separated into AHN-1-~positive or -negative frac- 
tions by using a FACS IV, and the AHN-1—negative cells were tested for 
chemotaxis. 

*Mears + SD of the chemotactic response (measured in centimeters) 
from three donors. 


Relationship between CALLA/CDIO and C3bi receptor 
expression on peripheral blood neutrophils. One possible 
explanation for the increased chemotactic response displayed 
by CALLA/CD10-negative neutrophils is that these cells 
were preactivated, either in vivo or in vitro (as a consequence 
of sorting). We therefore sorted neutrophils into CALLA/ 
CD10-positive and -negative populations and examined each 
for C3bi receptor expression, a receptor previously shown to 
dramatically increase after neutrophil activation.“ Ninety- 
eight percent of sorted, CALLA/CD10-positive neutrophils 
were C3bi receptor—positive with a mean channel of 620. 
Eighty-seven percent of sorted, CALLA/CD10-negative 
neutrophils were C3bi receptor—positive with a mean channel 
of 607. Unstained, unsorted neutrophils from the same donor 
were 89% C3bi receptor—positive with a mean channel of 
619. These results confirmed data obtained from three 
donors when using two-color analysis to compare CALLA/ 
CD10 and C3bi receptor expression (data not shown). Taken 
collectively, these results indicate that the heightened che- 
motactic response of CALLA/CD10-negative neutrophils to 
C“ is not due to significant selective activation before chemo- 
tactic analysis. 
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C5a Receptors 


Fig 2. Two-color flow cytometric contour plot of human 
peripheral blood neutrophils analyzed for expression of CALLA/ 
CD10 (y-axis) and C5a receptors (x-axis). Staining of neutrophils 
was conducted as described in Materials and Methods with 50 
nmol/L FITC-C5a. Based on background staining the contour plot 
was divided into quadrants representing CALLA/CD10-positive/ 
C5a receptor—negative neutrophils (upper left quadrant). 
CALLA/CD10-positive/C5a receptor—positive neutrophils (upper 
right quadrant), CALLA/CD10-negative/C5a_ receptor—negative 
neutrophils (lower left quadrant), and CALLA/CD10-negative/C5Sa 
receptor—positive neutrophils (lower right quadrant). 
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DISCUSSION 


CALLA/CD10 is a 95 kD cell surface molecule originally 
identified on leukemic cells from patients with acute lympho- 
blastic leukemia” and subsequently shown to be expressed on 
human neutrophils. > We recently demonstrated that neu- 
trophils actively synthesize CALLA/CDIO and also 
observed that leukemic cell and neutrophil CALLA/CDI10 
have similar if not identical protein backbones.” We” and 
others% have shown that myelopoietic CALLA/CDIO 
expression occurs at the level of the segmented neutrophil, 
90% to 95% of segmented neutrophils being CALLA/CD10- 
positive. Because only 5% to 10% of segmented neutrophils 
are CALLA/CD10-negative, we hypothesized that these 
cells were possible precursors of CALLA/CD10-posttive 
neutrophils and may be functionally immature. The experi- 
ments in Table | were initiated to test this hypothesis and 
showed, quite surprisingly, that the low-frequency, CALLA/ 
CD10-negative neutrophils manifest a heightened chemotac- 
tic response to C’. Additionally, the isolation and analysis of 
a population of peripheral blood neutrophils that lack 
another cell surface antigen (AHN-1) did not result in a 
similar increased chemotactic response to C (Table 2). 
Collectively, these results document the existence of a low- 
frequency subpopulation of neutrophils manifesting an 
increase in chemotaxis toward C’ that is not demonstrable 
with other chemoattractants (eg, F-mlp) or minor neutrophil 
subpopulations. 

Several explanations for the heterogeneous chemotactic 
responses of neutrophils have been suggested, including 
differences in ligand binding and cell age. The subject of 
ligand binding to individual! cells and its relation to chemo- 
taxis has been controversial. Harvath and Leonard” divided 
peripheral blood neutrophils into migrating and nonmigrat- 
ing populations but showed that both populations bind F-mip 
equally. Conversely, Seligmann et al? have shown that 
neutrophils bind fluoresceinated F-mlp in a heterogeneous 
manner, which offers a possible explanation for the heterage- 
neous chemotactic response of individual neutrophils to this 
ligand. Using two-color flow cytometric analysis we found no 
CALLA/CD10-negative neutrophil population with Cha 
receptor levels clearly above CALLA/CD10-positive neutro- 
phils. These results agree with those of Van Epps and 
Chenoweth who found no identifiable neutrophil subpepula- 
tions with greatly increased numbers of CSa receptors.“ Our 
results imply that the heightened chemotactic response to C’ 
of CALLA/CD10-negative cells is best explained by a 
postligand binding event, but we cannot exclude the possibil- 
ity of subtle differences in receptor affinity between 
CALLA/CD10-positive and -negative neutrophils. 

The concept of neutrophil heterogeneity has been 
reviewed,” but its biologic significance remains uncertain. It 
seems likely that the phenotypic/functional differences 
detected in this study and others'’” reflect differences in 
gene regulation and expression between subpopulations. 
Unfortunately, little is known concerning the regulation of 
CSa receptor expression and the signal transduction that 
follows binding of C5a. Because the difference in responsive- 
ness is quantitative rather than qualitative, we must assume 
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that CALLA/CD10-negative and -positive neutrophils are 
equally endowed with the necessary machinery (ie, receptors 
and second messengers) to manifest an effective response. 
However, preliminary evidence indicates that although dis- 
tinct subpopulations are not identifiable by quantification of 
C5a receptors,” not all C5a receptors are associated with the 
cytoskelton (D.E. Chenoweth, unpublished observations). 
The relationship between cytoskeleton-associated /nonasso- 
ciated C5a receptors and CALLA/CDIO expression 
requires further investigation. 

The relationship between the heightened chemotactic 
response to C’ and the absence of surface CALLA/CD10 is 
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unclear. The presence cr absence of CALLA/CDIO may be 
fortuitous, or the acquisition of CALLA/CDIO may be 
functionally significan:. The possible role of CALLA/ 
CD10-negative neutrophils in an inflammatory response in 
vivo should be pursued. 
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Peroxidase-Containing Microgranules in Human Neutrophils: Physical, 
Morphological, Cytochemical, and Secretory Properties 


By R.T. Parmley, W.G., Rice, J.M. Kinkade Jr, C. Gilbert, and J.C. Barton 


A microgranule fraction, isolated from human neutrophils 
by using a novel high-resolution Percoll density gradient 
system contained granules with the lowest density and 
diameter when compared with 12 other isopycnic granule 
fractions. Ultrastructurally, from 34% to 50% of the micro- 
granules showed homogeneous diaminobenzidine (DAB) 
staining under conditions for localizing peroxidase reactivi- 
ty. The presence of myeloperoxidase (MPO) was further 
confirmed by biochemical and spectral analysis and immu- 
nodiffusion methods. Periodate-thiocarbohydrazide-silver 
proteinate (PA-TCH-SP) intensely stained vicinal glycols in 
the matrix of greater than 97% microgranules in contrast 
to the weak or absent staining seen in larger primary 
granules. Directly sampled segmented neutrophils con- 
tained small DAB- and PA-TCH-SP-positive granules, 
which often appeared in clusters. These DAB-positive 


REVIOUS ULTRASTRUCTURAL’® and biochemi- 
cal studies®* of human neutrophils have identified two 
major types of cytoplasmic granules, large myeloperoxidase 
(MPO)-containing primary granules and smaller secondary 
granules lacking peroxidase activity. However, a number of 
recent studies”’° indicate considerably more heterogeneity 
among the granules. Rice et al,’ using a high-resolution 
Percoll density gradient system, isolated and characterized 
13 granule fractions. Among the five higher-density MPO- 
containing granule fractions, a unique, large granule 
enriched in microbicidal defensin polypeptides was 
observed.'' At least three different forms of MPO have been 
identified biochemically in human neutrophils. >" These 
forms show differences in subunit structure and detergent 
extractability, which indicates differences in compartmen- 
talization or association with granule membranes.” In addi- 
tion, these different forms of MPO appear to be under 
separate secretory control and are differentially distributed 
among isolated granules of differing density.'*'> Taken 
together, these results indicate the existence of several physi- 
cally and functionally distinct MPO-containing neutrophil 
granules rather than a single MPO-containing granule previ- 
ously termed a primary or azurophil granule. 
A variety of apparently distinct small granule populations 
containing sulfated glycosaminoglycans, acid hydrolases, 6" 
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microgranules selectively remained within the cells after 
stimulation of exocytosis with the calcium ionophore 
A23187. The enriched DAB-positive microgranule fraction 
recovered from A23187-treated cells also contained lyso- 
zyme and -glucuronidase but lacked vitamin B,, binding 
protein activity. A similar small, DAB- and PA-TCH-SP- 
positive granule type was also identified in normal pro- 
myelocytes and was the predominant or only granule type 
observed in leukemic or preleukemic myeloid cells from 
four patients. This study demonstrates a unique subpopu- 
lation of MPO-containing microgranules in normal and 
leukemic human myeloid cells that are distinguished from 
(other) primary granules by their extremely low density, 
small size, content of complex carbohydrates, and resis- 
tance to secretion. 

e 1987 by Grune & Stratton, Inc. 


gelatinase,'* alkaline, phosphatase,” elastase,” and cata- 


lase*' have been reported in biochemical and /or ultrastructu- 
ral studies. Ackerman has previously observed small granule 
profiles (0.1 to 0.25 um) in early promyelocytes' and clusters 
of small diaminobenzidine tetrahydrochloride (DAB)-reac- 
live granules in metamyelocytes and segmented neutrophils”. 
however, little attention has been directed to these granules 
since their original description. Recently, these granules 
have been further characterized with the observation of 
microtrabeculae connecting the granules when observed by 
stereo high-voltage electron microscopy.” The present study 
reexamines the microgranule population in neutrophils and 
demonstrates that their DAB staining corresponds to the 
presence of MPO and that the granules differ dramatically 
from typical primary granules in size, density, carbohydrate 
cytochemistry, and response to secretory stimuli. The gran- 
ules were identified in isolated neutrophil granule prepara- 
tions as well as in intact neutrophils, leukemic myeloid cells, 
and ionophore-treated neutrophils. A preliminary report of 
this observation has been previously published.” 


MATERIALS AND METHODS 


Separation of granules. Concentrated samples of human neu- 
trophils were obtained from healthy adults undergoing continuous- 
flow leukapheresis. Neutrophils were further purified to >97% 
purity after two cycles of hypotonic lysis of residual erythrocytes” 
and subsequent centrifugation through lymphocyte separation 
medium” to remove monocytes and lymphocytes, Purified cells were 
lysed, the granule-rich postnuclear supernatant (PNS) was pre- 
pared, and the high- (H) and low (L)-density Percoll gradients were 
performed as described previously by Rice et al.’ The H and L 
gradients consisted of fused multiple-step preformed layers of dif- 
ferent densities. These gradients were designed to maximize resolu- 
tion of 13 isopycnic granule fractions that had been initially identi- 
fied by using continuous, self-generated Percoll density gradients, 
The gradients were fractionated, and appropriate fractions were 
pooled and centrifuged for three hours at 100,000 g at 4°C in a 
Beckman SW50.1 rotor (Beckman Instruments, Inc, Palo Alto, 
CA). The granule pellet was collected, washed with phosphate 
buffered saline (PBS) and recentrifuged at 27,000 g for 15 minutes 
at 4°C in a Dupont/Sorvail (Willmington, DE) SM-24 rotor to 
obtain a purified granule pellet. 
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Assay of granule components. Granule pellets that were to be 
assayed for MPO were suspended in 0.3% cetyltrimethylammonium 
bromide in PBS, pH 7.4, and exposed to five cycles of freezing and 
thawing. The granule lysate was spectrophotometrically assayed for 
MPO activity by using guaiacol as the electron donor,'* and an 
increase in | absorbance unit at 470 nm in one minute was defined as 
l unit of activity. Protein concentrations were measured according to 
Lowry et al.”* 

MPO protein was quantitated by spectroscopy. Difference spectra 
from 400 to 600 nm were measured in dithionite-reduced minus 
oxidized samples by using an Aminco DW-2a spectrophotometer 
(American Instrument Co, Silver Spring, MD). The samples were 
homogenized in 0.1% Triton X-100, and an absorbance coefficient of 
75/mmol/L/cm was used to quantitate the characteristic MPO 
peak at 472 nm.” MPO in microgranules was also identified 
immunologically by using Ouchterlony double-immunodiffusion” 
plates and a monospecific rabbit antibody prepared against purified 
normal human neutrophil MPO as previously described."? 

Activity of 8-glucuronidase was measured as described else- 
where,"* and vitamin B,, binding proteins were measured by the 
rapid charcoal assay described by Kane et al.” Amersham, Arling- 
ton Heights, IL, supplied the *’Co-vitamin B,, (specific activity, 10 
to 20 wCi/ug). Lysozyme activity was determined by using the 
lysoplate method of Osserman and Lawlor” with egg white lysozyme 
as a standard. 

Electron microscopy. Granule pellets were overlayered with 30 
to 40 uL human plasma and 30 to 40 uL 3% glutaraldehyde in 0.1 
mol/L cacodylate buffer, pH 7.35. After ten minutes at 25°C the 
granule-containing plasma plug was minced and submersed in fresh 
glutaraldehyde-cacodylate buffer for an additional 50 minutes. The 
minced plug was then washed and stored in 0.1 mol/L cacodylate 
buffer containing 7% sucrose. 

Normal bone marrow was obtained in a heparinized syringe after 
informed consent by needle aspiration from the posterior iliac crest 
of a healthy volunteer (n = 1) and from patients undergoing routine 
staging of solid tumors (n = 2) or evaluation of lymphoid leukemia in 
remission and not receiving chemotherapy (n = 2). Bone marrow 
samples were similarly obtained from five untreated patients with 
myeloid leukemia (French-American-British classification M2) and 
a patient with a pancytopenic, preleukemic myeloproliferative disor- 
der. Peripheral blood was collected from healthy volunteers in 
heparinized syringes by routine venipuncture after informed con- 
sent. Marrow and blood samples were fixed in 3% glutaraldehyde 
and 0.1 mol/L cacodylate, pH 7.35, and then rinsed in 0.1 mol/L 
cacodylate and 7% sucrose, pH 7.35, as described previously.” 

Samples for myeloperoxidase staining were incubated 30 minutes 
in substrate medium consisting of 5 mgm DAB - 4 HCI (pfs grade, 
Sigma Chemical Co, St. Louis) in 10 mL 0.05 mol/L Tris-HCI 
buffer, pH 7.6, with 0.01% H,O, (added immediately before use) as 
described previously.’ Control samples were incubated in medium 
lacking H,O,. Some samples were also processed (for inhibition of 
MPO activity) in a complete substrate medium containing 10 mol/L 
KCN after a 30-minute preincubation in buffer containing 10 mol/L 
KCN. 

Bone marrow and blood samples processed for staining of vicinal 
glycol—containing complex carbohydrates were incubated en bloc in 
a-amylase for removal of glycogen as described previously,” 
whereas this step was omitted for isolated cytoplasmic granules. 

Samples processed for routine morphology and peroxidase cyto- 
chemistry were postfixed in 0.1 mol/L cacodylate-buffered 1% 
OsO,, whereas those processed for vicinal glycol staining were not 
postfixed. All samples were routinely dehydrated and embedded in 
Spurr’s low-viscosity medium. Thin sections of morphological and 
peroxidase-stained samples were collected on copper grids. Mor- 
phological specimens were examined after counterstaining with 
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methanolic uranyl acetate (UA) and lead citrate (LC), whereas 
peroxidase-stained specimens were examined with and without 
counterstaining. Thin sections of specimens processed for vicinal 
glycol staining were collected on stainless steel grids and stained with 
a periodate-thiocarbohydrazide-silver proteinate (PA-TCH-SP) 
method as described previously.**’ Specimens were examined in a 
Philips 301 electron microscope or a Zeiss EM109 electron micro- 
scope at an accelerating voltage of 60 kV. 

Granule secretion. Neutrophils (approximately 2 x 10’/mL) 
were suspended at 37°C in PBS with | mol/L Ca** and | mol/L 
Mg** with or without | or 10 wmol/L calcium ionophore A23187 
for 45 minutes. Control samples were incubated without ionophore 
or with ionophore in PBS lacking Ca**. The cells were then 
centrifuged into a pellet, fixed, and examined ultrastructurally as 
described earlier. Granule fractions were isolated and assayed for 
MPO, §-glucuronidase, lysozyme, and vitamin B,, binding proteins 
as described earlier. 


RESULTS 


Isolation and properties of microgranules. Monodis- 
persed granules of the PNS from normal human neutrophils 
were separated on an L-type Percoll density gradient which 
resulted in eight low-density isopycnic granule fractions as 
described previously by Rice et al.’ The lowest density 
fraction, L1, was isolated and recentrifuged on an identical 
L-gradient, which resulted in remigration to its original 
characteristic isopycnic density (mean density, 1.046 + 
0.003 g/mL; n = 25 experiments). The majority of granules 
in the L1 fraction appeared homogeneously electron dense in 
UA-LC-stained morphological preparations (Fig 1). Mor- 
phometric analysis yielded a mean granule diameter of 
0.15 + 0.04, 0.14 + 0.05, and 0.11 + 0.05 um for UA-LC-, 
DAB-, and PA-TCH-SP-stained specimens, respectively, 
and indicated that the L1 granule fraction consisted of a 
novel class of microgranules. In each granule preparation, 
100 consecutively identified granules were scored in ran- 





Fig 1. Ultrastructurally, the majority of granules in the L1 
granule fraction appear diffusely stained with UA and LC and are 
variably electron dense. Bar, 1 um. 
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domly selected photographs. All membrane-bound struc- 
tures were scored, which would include tangential sections. 
Such scoring was used to prevent observer bias. Although 
repeat experiments did not clearly demonstrate a significant 
difference in diameter of PA-TCH-SP-stained preparations, 
the tendency for smaller size in these preparations may be 
related to the lack of OsQO, postfixation before dehydration. 
When the microgranules were reacted for peroxidase by 
using a DAB ultrastructural procedure, it was found that 
34% to 50% (n = 4 experiments, 200 granules scored in each 
experiment) of the granules demonstrated intense staining 
(Fig 2A), thus indicating the existence of a DAB-reactive 
subclass of microgranules. The presence of DAB reactivity 
(30-minute incubation) at pH 7.6 rather than pH 9.7 alone 
indicated that the reactivity was not attributable to catalase 
alone, which was previously described as reacting at only the 
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higher pH.” No DAB reactivity was observed in granules or 
neutrophils incubated 30 minutes without H,O, or in the 
presence of 10 mmol/L KCN. 

Biochemically, the microgranules of fraction LI had a 
specific activity for peroxidase (units per milligram protein; 
electron donor, guaiacol) about five times Jess than that of 
typical, large primary granules (15.6 v 73.0, n = 6). This 
accounted for approximately 3% of the total granule- 
associated peroxidase activity of the neutrophil. The latency 
of MPO in this fraction was >95% after disruption of 
granules with 0.1% Triton X-100, which indicated that the 
peroxidase was localized within an intact, membrane-bound 
granule. 

To identify the nature of the peroxidase activity associated 
with the microgranules, several characteristics of this frac- 
tion were investigated. First, the reduced minus oxidized 


Fig 2. {A) Approximately 40% of 
microgranules in the L1 granule fraction 
demonstrate intense peroxidase reac- 
tivity after staining with DAB at pH 7.6 
for 30 minutes. The thin section is not 
counterstained. Bar, 1 um. (B). The 
reduced, minus-oxidized differance 
spectrum for the microgranuie (L1) frac- 
tion displays a prominent absorption 
maximum at 472 nm, which indicates 
the presence of MPO. (C) PA-TCH-SP 
intensely stains vicinal giycol—contain- 
ing complex carbohydrates in >97% of 
microgranules within the L1 fraction. 
The thin section is not counterstained. 
Bar, 1 um. {D} After mixing granules 
from fraction L1 with granules frem a 
typical primary granule fraction, H3, 
two populations of granules are seen. 
Microgranules demonstrate intense PA- 
TCH-SP staining, whereas typica! pri- 
mary granules are larger and essentially 
lack staining (arrows). The thin section 
is not counterstained. Bar, 0.5 um. 
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difference spectrum for the microgranule fraction displayed 
a prominent absorption maximum at 472 nm, which indi- 
cated the presence of MPO (Fig 2B). Quantitation of the 
spectral data demonstrated that the microgranules contained 
11 ug MPO/mg protein (range, 6 to 20; n = 3), which 
accounted for approximately 3% of the total granule- 
associated MPO on a per milligram protein basis (consistent 
with the enzymatic determination of MPO activity shown 
earlier). The absence of a trough at 430 nm due to absorption 
of oxidized MPO may be due to the presence of a b type 
cytochrome that has been reported to be colocalized with 
vitamin B,, binding protein; however, because of technical 
difficulties in dealing with small absorbances in turbid 
suspensions, a definitive explanation is not possible. Interest- 
ingly, Vitamin B,, binding protein was concentrated in these 
lowest fractions,” and we have also confirmed the presence 
of the b type cytochrome in these same fractions by spectral 
analysis (data not shown). Second, a positive immunologic 
reaction for MPO was demonstrated on Ouchterlony plates 
when using a monospecific rabbit polyclonal anti-MPO 
(purified IgG fraction). Taken together, these results suggest 
that (a) the DAB reactivity seen in the ultrastructural 
preparations and that measured biochemically are due to the 
presence of MPO in the microgranule fraction and (b) this 


Fig 3. (A and B) Several DAB-reac- 
tive microgranules from a blood speci- 
men are evident in a cluster (arrow, 
enlarged at right) in this segmented 
neutrophil. They are clearly smaller 
than larger DAB-reactive primary gran- 
ules (P) and DAB-unreactive secondary 
granules (S); N, nuclei. The thin section 
is not counterstained. Bar, 1 um. (C) 
PA-TCH-SP intensely stains microgran- 
ules (arrows) and secondary granules 
(S) of this neutrophil from a blood speci- 
men but resulted in very weak to no 
staining of primary granules (P). The 
thin section is not counterstained. Bar, 
1 um. 
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MPO appeared to be equivalent to that associated with 
typical primary granules. 

Vicinal glycol—containing complex carbohydrates in the 
microgranule fraction stained strongly in greater than 97% 
of the granules when using the PA-TCH-SP procedure (Fig 
2C). In marked contrast, typical, large primary granules in 
the denser granule fractions showed only very weak to 
negative PA-TCH-SP staining.” Furthermore, when iso- 
lated microgranules and larger, more dense, DAB-positive 
granules (fractions L1 and H3, respectively) were mixed and 
then stained by using the PA-TCH-SP procedure, each type 
of granule retained its characteristic staining pattern (Fig 
2D). These results demonstrated that the peroxidase-positive 
microgranules were not fragments or tangential sections of 
the larger primary granules but belong to a newly recognized 
distinct subclass of MPO-containing granules that stain 
intensely for both peroxidase and periodate-reactive complex 
glycoconjugates. 


Microgranules in intact normal cells. Intact neutrophil 


precursor cells of normal human bone marrow and mature 
peripheral blood neutrophils were examined ultrastructur- 
ally for the presence of microgranules. Small, intensely 
DAB- (Fig 3A, B) and PA-TCH-SP-reactive granules (Fig 
3C) varying from 0.08 to 0.20 um in diameter were observed 
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at all stages of development beyond the myeloblast and 
appeared to correspond to the microgranules isolated from 
mature neutrophils. In the promyelocyte, these small gran- 
ules were not readily apparent in that they were randomly 
dispersed and could not be easily distinguished from tangen- 
tially sectioned larger primary granules. In the myelocyte, 
the small granules were observed occasionally in clusters. 
This clustering phenomenon appeared to increase progres- 
sively with maturation. The small, DAB-reactive granules 
were more apparent in some profiles of fully mature neutro- 
phils where they often appeared in clusters of three to more 
than ten granules. In the late (segmented) neutrophil, these 
clusters were observed in the central portion of the cell near 
the DAB-unreactive Golgi region as well as at the periphery 
of the cell. 

Resistance of DAB-positive microgranules to se- 
cretion. Because the DAB-positive microgranules were 
found to be physically and chemically different from the 
large primary granules, the possibility they might exhibit 
differences in exocytosis in response to a secretory stimulus 
was examined. The calcium ionophore A23187 was chosen 
because this secretagogue has been reported to cause the 
differential secretion of secondary and primary granules ina 
dose-dependent manner (1 umol/L and 10 umol/L respec- 
tively). Consistent with these previous reports, | umol/L 
ionophore resulted in the loss of most DAB-negative granules 
and variable loss of DAB-positive granules, although DAB- 





Fig 4. 
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positive microgranules consistently remained within the cell 
(Fig 4A). Again, consistent with previous reports,” exposure 
of the cells to 10 mol/L ionophore resulted in virtually 
complete secretion of large (>0.20-um-diameter) DAB- 
positive granules. In marked contrast the DAB-positive 
microgranules remained within the cells and frequently were 
redistributed radially to the subplasmalemmal region. These 
ultrastructural results were supported by Percoll density 
gradient centrifugation of granules prepared from 10 umol/ 
L ionophore-treated neutrophils in which the only visibly 
apparent granule fractions were the two lowest density 
granule fractions, Li and L2. 

Additional support for the selective retention of these 
MPO-containing microgranules was obtained by quantitat- 
ing the distribution of MPO in isolated granule fractions 
from untreated and treated cells. In untreated cells, 70% of 
the total MPO activity was associated with the larger, 
high-density granules found in fractions H1 to H5, 22% with 
the intermediate-density fractions (L3 to L8) and 8% with 
the two lowest density fractions (L1 and L2). After treat- 
ment with 10 „mol/L ionophore, only fractions LI and L2 
retained significant amounts of their original MPO activity 
(Fig 4B); fraction L1 retained 96% + 36% (n = 5), whereas 
fraction L2 retained 36% + 10% (n = 5). In other experi- 
ments {n = 2) using neutrophils from different donors, 
treatment with 10 umol/L ionophore resulted in the reten- 
tion of 104% and 63% of the 6-glucuronidase activity in the 
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(A) Approximately 20% and 80% of neutrophil profiles contain predominantly DAB-reactive microgranules (arrows) after 


exposure to 1 and 10 mol/L of calcium ionophore A23187 respectively (1 mmol/L sample illustrated). DAB-negative granules and large 
DAB-positive granules have degranulated. The granule matrices of some larger primary granules are evident in vacuoles (V) or channels 
into which they have degranulated. Less dense secondary granules are not evident and have presumably degranulated. The thin section is 
lightly counterstained with UA and LC. Bar, 1 um. (B) Granules from untreated neutrophils (contro!) or from neutrophils after treatment 
with 10 umol/L calcium ionophore A23187 for 45 minutes at 37°C (10 umol/L A23187) were separated by using L and H Percoll gradients 
to prepare fractions L1 to L8 and H1 to H5, respectively, as previously described.® Granule fractions were isolated and assayed for their 
content of MPO. The amount of MPO activity in each fraction is expressed as a percentage of the sum of MPO activity in all fractions of 
control samples (ordinate). The abscissa identifies the individual granule fractions. 
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L1 fraction compared with control samples. Similarly, 70% 
and 72% of lysozyme (n = 2 experiments) was retained in the 
L1 fraction after 10 zmol/L A23187 compared with control 
values. In contrast, only 6% and 0% of vitamin B,, binding 
protein activity (n = 2 experiments) was retained in the L1 
fraction after 10 mol/L A23187 compared with simulta- 
neous controls. The percent retention of a particular marker 
was based on the following control values (mean + SD) for 
the L1 granule fraction derived from 2 x 10° neutrophils in 
both the control and ionophore-treated experiments: MPO 
(2.6 + 0.6 units, n = 5), 8-glucuronidase (2.0 + 0.7 mU, n = 
4), vitamin B,, binding proteins (28,260 + 4,820 cpm bound, 
n = 3), and lysozyme (84 ng and 76 ng, n = 2). The results 
obtained with MPO indicated that although DAB-positive 
microgranules were localized primarily in fraction L1, a 
portion was also associated with fraction L2 (Fig 4B). 
Ultrastructurally, the DAB+ microgranules found in frac- 
tion L2 had identical morphometric, DAB, and PA-TCH-SP 
staining properties as those found in fraction L1. Granules 
from fraction L1 were isolated from 10 umol/L ionophore- 
treated cells and were processed for ultrastructural staining 
using DAB. Of the remaining granules, 71% + 8% (100 
granules scored, n = 3) were DAB-positive. Mitochondria 
were more prominent in these preparations and were 
excluded from granule scoring. Thus, the DAB-positive 
microgranules were highly resistant to secretion relative to 
the larger, more typical primary granules (fractions H1 to 
H4), thereby demonstrating differences in secretory control 
between the two granule types. 

Microgranules in intact leukemic myeloblasts and 
myelodysplastic neutrophils. Ultrastructural studies were 
performed on intact leukemic myeloblasts from the bone 
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marrow of five myeloid leukemia patients (French-Ameri- 
can-British classification M2). In three cases, the predomi- 
nant granule type observed was a small, DAB- and PA- 
TCH-SP-reactive granule varying from 0.08 to 0.20 um in 
diameter (Fig 5A, B). Auer rods, which were present in two 
of the patient samples, were uniformly and intensely stained 
with DAB and PA-TCH-SP (Fig 6). Examination of leu- 
kemic cells from two other patients with acute myelogenous 
leukemia (M2 classification) revealed a more heterogeneous 
population of DAB-positive granules; however, distinct 
microgranule profiles were evident. 

Myelodysplastic neutrophils from a patient with a pancy- 
topenic preleukemic syndrome (1 year prior to developing 
myeloid leukemia) appeared grossly abnormal in morpholog- 
ical preparations and completely lacked DAB-unreactive 
granules. Two distinct granule populations were evident in 
these cells, a homogeneous electron-dense and DAB-reactive 
large primary granule (0.25 to 0.40 um in diameter) and a 
small (0.08 to 0.20 um in diameter) electron-dense, DAB- 
and PA-TCH-SP-positive granule (Fig 7A, B). The small 
granule type outnumbered the larger primary granules and 
often appeared in clusters as seen in norma! neutrophils. The 
increase in microgranules was also observed in promyelo- 
cytes and myelocytes from this patient. 


DISCUSSION 


The present studies identify a peroxidase-containing 
microgranule population in human neutrophils that is dis- 
tinct from previously described primary granules. Small 
granule profiles have been previously identified in intact cells 
at the early promyelocyte stage of development.’ Similarly, 
DAB-positive microgranule clusters have been observed in 





Fig 5 A, B. This leukemic myeloblast from a marrow specimen contains a cluster of small granules (arrows, enlarged in B) that stain 
intensely with DAB. N, nucleus; M, mitochondria. The thin section is not counterstained. Bar, 1 um. 
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Fig 6. PA-TCH-SP intensely stains microgranules (arrows) in this leukemic myeloblast from a marrow specimen. Many of the 
microgranules are adjacent to an intensely stained Auer rod; N, nucleus. The thin section is not counterstained. Bar. 1 um. 


segmented neutrophils*”*; however, previous studies have not 
isolated the granule, defined the enzyme responsible for the 
DAB positivity, or examined cytochemical, physical, or 
secretory features of the granule. The present study estab- 
lishes the existence of MPO in isolated microgranules by 
using cytochemical, biochemical, and immunologic methods 
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and provides a method for concentrating these granules from 
cells after :onophore-induced secretion. Biochemical analysis 
of the concentrated microgranule fraction indicates that they 
resemble primary granules in their content of 8-glucuroni- 
dase and lysozyme and lack of vitamin B,, binding protein 
activity. The DAB reactivity of microgranules and larger 





Fig7 A.B. This segmented neutrophil from a marrow specimen of a patient with a myeloproliferative disorder contains predominantly 
DAB-reactive microgranules (arrows, enlarged in B) and a few larger DAB-reactive primary granules. DAB-unreactive secondary granules 
are markedly decreased or absent. Numerous mitochondria (M) that lack DAB reactivity (30-minute incubation, pH 7.6) are evident. The 


thin section is not counterstained. Bars, 1 um. 
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primary granules demonstrate that DAB reactivity and 
MPO content span the entire gamut of neutrophil granule 
size and density. 

Previously described primary granules'” are two to three 
times the size of microgranules and have considerably higher 
buoyant densities than do the microgranules. The intense 
PA-TCH-SP staining of vicinal glycols in microgranules is 
clearly distinct from the weak to absent staining of larger 
primary granules and demonstrates that microgranules also 
differ m content from previously described primary gran- 
ules.” Moreover, the DAB-positive microgranules are resis- 
tant to 10 wmol/L A23187 ionophore~induced secretion, 
which demonstrates that these granules are under secretory 
control distinct from typical primary granules that were 
secreted under these conditions. Hence, the differences in 
size, density, carbohydrate content, and resistance to 
secretion of the DAB-positive microgranules identify them 
as a unique population of granules for which the terms 
primary or azurophil may be inappropriate, although the 
latter terminology has been used for all neutrophil granules 
with peroxidase activity. 

Neutrophil granules contain several potentially DAB- 
reactive substances. In addition to containing at least three 
forms of MPO,'*> neutrophils also contain catalase-reactive 
peroxisomes,” which may correspond in size to the micro- 
granules in this study. Although some of the microgranules 
in the lowest density fraction may, in fact, be peroxisomes, 
the DAB reactivity of the granules at pH 7.6, the presence of 
biochemically, spectrally, and immunologically demonstra- 
ble MPO in these granules, and the great abundance of these 
granules in some leukemic myeloblasts would appear to 
exclude this possibility for the DAB-reactive microgranule 
described in this study. Alternatively, a b-type cytochrome 
has been identified as a component of secondary granules 
and/or other small, low-density granules,” and cytochromes 
are known to be DAB-reactive.* The b-type cytochrome has 
been shown to translocate to the plasma membrane after 
stimulation of the cell with either a phorbol diester or the 
calcium ionophore A23187*; however, we found that stimu- 
lation of neutrophils by the ionophore did not result in 
secretion of the DAB-reactive microgranules. Furthermore, 
the abundance of similar granules in leukemic cells (presum- 
ably lacking secondary and/or cytochrome b—containing 
granules) also suggests that a b-type cytochrome is not 
responsible for the staining of microgranules in this study. 
Thus, the cytochemically demonstrable DAB reactivity is 
most consistent with the localization of MPO identified 
biochemically, spectrally, and immunologically in this gran- 
ule fraction. 

The presence of DAB-reactive microgranules in leukemic 
myeloblasts indicates the synthesis of at least some of these 
granules early in myeloid development. Conversely, the lack 
of DAB reactivity in Golgi lamellae and the endoplasmic 
reticulum beyond the myelocyte stage of development indi- 
cates that the granules are not synthesized in late neutro- 
phils. Recent studies have suggested that microgranules are 
synthesized in late promyelocytes after synthesis of larger 
primary granules”; however, this hypothesis does not readily 
account for the previously observed synthesis of small gran- 
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ules (0.10 to 0.25 um in diameter) in the earliest promyelo- 
cytes! and the observation in this study of abundant micro- 
granules in some leukemic myeloblasts. Similarly, cultured 
myeloid leukemic HL-60 cells contain predominantly small 
MPO-positive granules of comparable density to the miero- 
granules reported in this study.” Alternatively, the micro- 
granules could be synthesized throughout the promyelocyte 
stage of development or exist as subpopulations being synthe- 
sized in early and late promyelocytes, respectively. 

The microgranules were redistributed into clusters, 
observed both in normal and myelodysplastic neutrophils in 
this study. Similar clusters of DAB-reactive small granules 
have been observed in monocytes and have been taken to 
indicate functional subcompartmentalization.” Although 
clustering may represent worm-like structures in monocytes, 
the lack of such elongated profiles in the present study of 
intact neutrophils and isolated granules or in previous high- 
resolution electron microscopic studies of microgranules™ 
indicates differences in the small DAB-reactive granules of 
monocytes and neutrophils. The clustering phenomenon pre- 
sumably has functional significance in neutrophils and may 
occur in preparation for endocytosis or as a result of this 
process. The extreme resistance of microgranules to secretion 
is similar to that observed with residual bedies or secondary 
lysosomes” and may indicate prior involvement in an endo- 
cytic event. However, the lack of inclusions or ultrastructural 
heterogeneity within the microgranule matrix would argue 
against this possibility. Alternatively, the DAB-positive 
microgranules could represent fragmented primary granules, 
however, the intense PA-TCH-SP reactivity of the micro- 
granules and the virtual lack of similar reactivity in primary 
granules does not support this hypothesis. The sequence of 
granule production has in the past correlated with resistance 
to granule secretion in that tertiary granules are secreted 
most readily, * followed by secondary granules™ and primary 
granules. The observation of small granule profiles in the 
earliest promyelocytes' and leukemic myeloblasts in this 
study would suggest that these are among the first granules 
synthesized and the last secreted if at all. 


NOTE ADDED IN PROOF 


Recently, White and Krumwiede” have ultrastructurally demon- 
strated failure of peroxidase positive “vesicles” and granules to fuse 
with giant lysosomes in neutrophils from patients with Chédiak- 
Higashi Syndrome. Many of these granules were of similar size to 
microgranules reported in this study. We would suggest that their 
observation represents in vivo resistance to secretion comparable to 
that observed in vitro in our study. 
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The Metabolite 1a,25-Dihydroxyvitamin D, Enhances Lymphokine-Mediated 
Activation of the Oxidative Metabolism of the U937 Cell Line and 
Phosphorylation of a 48-kD Respiratory Burst-Associated Protein 


By Rose G. Snipes, Kirk Ways, Christopher N. D'Amico, Geetha Sivam, T. Kenney Gray, and Myron 5. Cohen 


U937 cells respond to a variety of stimuli with increased 
differentiation as manifested by reduced growth, increased 
adherence, increased expression of several surface recep- 
tors, and increased capacity for phagocytosis and forma- 
tion of reactive oxygen intermediates. In the present study 
the effects of lymphocyte conditioned media, recombinant 
interferon-y (IFN-y), and 1a@,25-dihydroxyvitamin D, 
(1,25(CH),D,) on the ability to form reactive oxygen inter- 
mediates by U937 celis were measured by using the 
lumino'-dependent luminescence {LDL) assay. Neither 
1,25(OH),D, alone nor IFN-y alone enhanced competence 
for phorbol myristate acetate—stimulated LDL. Celis were 
capable of moderate LDL after exposure to lymphocyte 
conditioned media, and this was enhanced by 1,25(OH),D, 
(10? mol/L) and other vitamin D metabolites at higher 


HE U937 CELL LINE is a monoblastic phagocyte 

precursor derived from a histiocytic lymphoma cell 
line! U937 cells have become an important model for the 
study cf phagocyte differentiation because they respond to a 
wide and surprising variety of biologic modifiers.” 

The active metabolite of vitamin D la,25-dihydroxyvi- 
tamin Ð, (1,25(OH),D,) has a profound effect on calcium 
homeostasis.’ We and others have previously demonstrated 
that 1,25(OH),D, enhances the differentiation of U937 cells 
as manifested by increased phagocytosis and expression of 
CRI receptors.*’ The metabolite 1,25(OH),D, has an addi- 
tive effect with one or more lymphokines such that this 
combination induces adherence of the U937 cell line to 
plastic as well as expression of CR3 receptors.” Both 
1,25(CH),D, and lymphokine enhance the ability of U937 
cells to reduce oxygen.**”* The present studies were under- 
taken to define the interaction of 1,25(QOH),D, and lympho- 
kines on the differentiation of U937 cells, with emphasis on 
formation of reactive oxygen intermediates. 


METHODS 
Reageats 


The metabolites 1,25(OH),D, and 24,25-dihydroxyvitamin D, 
(24,25(0H),D,) were a gift from Milan Uskokovic, PhD (Hoffman- 
LaRoche, Nutley, NJ). These metabolites were dissolved in 95% 
ethanol and diluted to give a final concentration of <0.1% (vol/vol) 
ethanol In all experiments appropriate controls were performed to 
exclude an ethanol effect. The metabolite 25-hydroxyvitamin D, 
(25(OH)D,) was a gift from the Upjohn Pharmaceutical Co (Kala- 
mazoo, MI). Superoxide dismutase (SOD, Sigma Chemical Co, St 
Louis} was used ata final concentration of 150 U/mL. Sodium azide 
(Fisher Scientific Co, Fair Lawn, NJ) was used at a final concentra- 
tion of 1 mmol/L. Recombinant interferon-y (IFN-y; Meloy Labo- 
ratories, Springfield, VA) was used to induce cell differentiation at a 
concentration of 1,000 U/mL. Phorbol myristate acetate (PMA, 
Midland Chemical Co, Brewster, NY) was diluted in Me,SO and 
used at a final concentration of 100 ng/mL. 


Cell Preparation and Assay 


Culture conditions. 937 cells were maintained in continuous 
culture by passage every three days in medium consisting of Dulbec- 
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concentrations. This effect was not secondary to acceler- 
ated production of myeloperoxidase, which is important in 
the LDL assay. Enhanced phorbol myristate acetate-stimu- 
lated phosphorylation of a 48-kd substrate was observed in 
p_iabeled intact cells treated with 1,25(OH),D, alone or in 
combination with IFN-y. Treatment of cells with IFNy or 
lymphocyte conditioned media did not alter phosphoryla- 
tion. These results support the concept that 1.25{0H),D, 
plays a role in phagocyte differentiation and activation 
beyond the effects of lymphokines. Protein kinase C- 
mediated phosphorylation reactions may be necessary for 
the ability of U937 cells to reduce O, and required for 
maximal activity under some conditions of incubation. 

© 1987 by Grune & Stratton, Inc. 


co's modified Eagle's minimal essential medium and Ham's F-12 
medium (1:1; GIBCO, Grand Island, NY). The media were supple- 
mented with 5% fetal bovine serum (GIBCO), 15 mmol/L HEPES, 
penicillin (100 U/mL), and streptomycin (100 ug/ml}. These were 
considered control cells. The metabolite ],25(OH),D, reduced 1937 
cell growth* but did not affect viability. When experimental vari- 
ables were added, the cells were resuspended at a final concentration 
of 10° cells/mL. The cells were incubated at 37°C in humidified 5% 
CO,. 

Lymphocyte conditioned media. These media were prepared 
from lymphocytes obtained from healthy human volunteer donors. 
Whole heparinized blood was placed on a Plasmage!l (Cellular 
Products Inc, Buffalo) sedimentation gradient. The white cell laver 
was then placed over Ficoll-Hypaque as previously described.” The 
mononuclear band was washed twice at 100 g in phosphate-buffered 
saline. The cells were then placed in a 100 x 20-mm Petri dish 
(Corning Glass Works, Corning, NY) medium consisting of a- 
modified minimal essential medium (a-MEM, GIBCO) and the 
monocytes allowed to adhere for two hours. The nonadherent cells 
were then removed and counted by the Zaptoglobin lysis technique 
(Coulter Diagnostics, Hileah, FL). The cells were then suspended in 
a-MEM ata final concentration of | x 10° cells/mL in S% pooled 
human serum, Phytohemagglutinin (PHA, Sigma) was added at a 
concentration of 5 ug/mL. The cells were incubated at 37°C in 
humidified 5% CO, for three days. The cells were then centrifuged at 
250 g for ten minutes. The supernatant was collected and filtered. 
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Aliquots were frozen at 0°C until use. Lymphocyte conditioned 
media were used at concentrations of 10% to 20% (vol/vol); the 
lymphokine preparation was only reduced in concentration in prepa- 
rations that affected cell viability. Controls included lymphocytes 
isolated under identical conditions with PHA added to the lympho- 
cyte conditioned media after the three-day incubation. 


Luminol-Dependent Luminescence 


Measurements of chemiluminescence were made with an ATP 
spectrophotometer (Model 3000, SAI Technology Co, San Diego). 
Light intensity was monitored continuously by using a strip chart 
recorder (Fisher Recordall, Pittsburgh) as previously described.'® 
Luminescent counts were also obtained at one-minute intervals from 
the digital readout of the spectrophotometer. The sensitivity was the 
same in all experiments (9.4). The temperature of the counting 
chamber was 31°C. The cell suspension was pelleted, media 
discarded, and cells resuspended in Hanks’ balanced saline solution 
(HBSS) at a final concentration of 5 x 10° cells/mL. These cells 
remained in a 37°C water bath until use. Background counts were 
obtained by adding 1.0 mL of a 10°* mol/L solution of luminol 
(Sigma) prepared in 1% bovine serum albumin to 1.0 mL of HBSS. 
Resting cell luminescence was obtained by adding 1.0 mL luminol to 
1.0 mL of the cell suspension. Counts were obtained over a 15- 
minute interval. PMA (100 ng/mL) was used as a stimulus, Counts 
were recorded at one-minute intervals until peak luminescence was 
reached. Samples were examined in duplicate. 


Myeloperoxidase Assay 


The myeloperoxidase activity of U937 cells was determined by the 
O-dianisidine reaction as previously described." 


Endogenous Substrate Phosphorylation in Intact Cells 


Substrate phosphorylation was determined as previously 
described.'*"? After six days of exposure to the various agents, the 
cells were centrifuged and resuspended in Eagle’s minimal essential 
medium with Earle’s salt but without glutamine or phosphates 
(GIBCO) for 30 minutes. A total of 3 x 10° cells were incubated 
with ’P, 0.25 mCi, for two hours, after which the cells were 
centrifuged and the supernatant was removed. After resuspension in 
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fresh medium, the cells were exposed to vehicle (Me,S0, 0.01%) or 
PMA (100 ng/mL) for ten minutes. The reaction was terminated by 
adding a cne-third volume of a solution containing 9% (wt/vol) 
sodium dodecyl sulfate, 15% (wt/vol) glycerol, 30 mmol/L Tris- 
HCI, pH 7.8, 0.05% (wt/vol) bromophenol blue, and 6% vol/vol) 
mercaptoethanol. The mixture was heated to 110°C for three 
minutes. The samples were subjected to one-day polyacrylamide gel 
electrophoresis (PAGE) as described by Laemmeli.™ The stacking 
and running gels were 3% and 10% acrylamide, respectively. After 
staining and destaining, the gels were treated with | mo! /L potas- 
sium hydroxide for one hour at 56°C. This procedure allowed 
optimal visualization of PMA-dependent substrate phosphoryla- 
tions. After treatment for one hour in the destaining solution, the 
gels were dried, and autoradiography was performed. Concurrent 
electrophoresis of molecular weight (mol wt) standards allowed 
assignments of approximate mol wts to the phosphorylated sub- 
strates. Incorporation of ?P into endogenous substrates was quanti- 
tated by densitometric analysis of the autoradiogram. The autora- 
diograms were scanned at 600 nm with a Gilford spectrophotometer 
(Gilford Instrument Laboratories, Oberlin, OH). 


RESULTS 


Effects of 1,25(0H),D; and Lymphocyte Conditioned 
Media on the O; Metabolism of U937 Cells 


U937 cells were exposed to a variety of agents believed to 
be of importance in their differentiation. These included 
lymphokine conditioned media (harvested from cells stimu- 
lated with PHA), monoclonal IFN-y, and 1,25(QOH),D, and 
other vitamin D metabolites. 

Table 1 demonstrates the effects on cells examined five 
days after incubation with lymphocyte conditioned media 
alone, 1,25(OH),D, alone, and 1,25(OH),D, plus lympho- 
cyte conditioned media. Cells exposed to lymphocyte condi- 
tioned media alone demonstrated an increase in luminol- 
dependent luminescence (LDL) in response to PMA. Cells 
incubated with lymphocyte conditioned media plus 
1,25(QH),D, showed a dramatic increase in LDL, whereas 
1,25(OH),D, alone did not promote LDL. 


Table 1. Peak LDL (cpm x 10°) 





Increase Number of 

Conditions Mean SD Over Control (fold) Experiments 
Background 2 .50 14 
Control 2 50 14 
CM 8.5 50 4.2 14 
CM + 1,25(OH,D, (107° mol/L} 82 15.0 41 14 
INF-y, 1,000 U/mL 2 50 0 14 
INF-y + 1,25{OH),D, 45 12.0 22.5 14 
CM + 24,25(OH),D, (107° mol/L) 25 50 12.5 3 
CM + 25(OH),D, (10° mol/L} 27 50 13.5 3 
1,25(OH),D, 2 60 O 14 
24,25(0H),D, 2 50 0 3 
25(OH)D, 2 50 O 3 
CM + 1,25(OH),D, + SOD 2 20 O 10 
CM + 1,25(OH),D, + azide 18 .45 9 3 





The effects of incubation of U937 cells on competence for LDL stimulated by PMA (106 ng/mL). The ceils were in culture for five days. before the 
experiments were conducted. Background refers to emission of light by media. The control for these experiments was conditioned media harvested from 
lymphocytes not exposed to PHA. SOD was used at a concentration of 300 U/mL. Qne-millimolar azide was used. 


Abbreviation: CM, lymphocyte conditioned media, 20% vol/vol. 
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Effects of IFN-y and 1,25(OH),D, on O, Metabolism of 
U/937 Cells 


IFN-y is a lymphokine believed critical to the diferentia- 
tion and activation of monocytic phagocytes.’* The effects of 
IFN-y were compared with lymphocyte condition media, as 
shown in Table 1. LDL was not observed among cells treated 
with INF-y alone. Treatment of cells with INF-y plus 
1,25(OH),D, for five days enhanced competence for LDL 
but of less magnitude than cells treated with lymphocyte 
conditioned media and 1,25(OH),D, (Table 1). 

To determine whether IFN-y resulted in the same degree 
of U937 cell differentiation after varied periods of incuba- 
tion, the same comparisons were made among cells incubated 
for zero to seven days (Fig 1). At each time point the effects 
observed with lymphocyte conditioned media plus 
1,25(0H).D, were equivalent to or greater than the combi- 
nation of 1,25(QH),D, and IFN-y. 


Effect of Other Vitamin D Metabolites on the O, 
Metabolism of U937 Cells 


The vitamin D metabolite most important for calcium 
homeostasis is 1,25(OH),D,.° Receptors for 1,25(OH),D, 
have been demonstrated in human monocytes.” The metabo- 
lites 24,25(Q0H),D, and 25(OH)D, generally have lower 
affinity for such receptors than the active metabolite 
1,25(OH),D,. The effects of 1,25(OH),D, were compared 
with other metabolites of vitamin D (Table 1). Neither 
24,25(OH)D,; nor 25(OH),D, promoted maximal compe- 
tence for LDL, even when concentrations as high as 10°° 
mol/L were used. 


Effect of Adherence of U937 Cells on LDL 


Lymphokine plus 1,25(OH),D, increases U937 cell adher- 
ence from 3% to 57%.° To determine the role of adherence in 
LDL, adherent cells were removed with a rubber policeman, 
and PMA-stimulated LDL was measured relative to an 
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Fig 1. Comparison of 1,25{OH),.D, plus Iiymphocyte condi- 
tioned media or IFN-y over seven days. Bars represent the mean 
and brackets the SEM of three to four separate experiments. The 
cells were stimulated with 100 ng/mL PMA. 
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equivalent number of cells in suspension. As shown in Table 
2, LDL was greater among adherent cells than cells in 
suspension, which suggests that competence for LDL. is a 
parameter of differentiation correlated with adherence. 


Mechanism(s} of Oxygen Reduction by U937 Cells 


LDL results from the interaction of luminol with several 
reactive oxygen intermediates.'*”’ As shown in Table 1, all 
light emission was eliminated by the addition of SOD to 
PMA-stimulated cells, thus indicating that superoxide was a 
critical species for this reaction. Light emission was inhibited 
to a lesser extent by sodium azide, which implied that a 
proportion of light could be attributed to the formation of 
hypochlorous acid, as has been reported for human neutro- 
phils.” All U937 cells examined after differentiation 
expressed myeloperoxidase in equivalent concentrations 
(data not shown). These results suggest that differences in 
LDL related directly to the ability to form superoxide 
anion. 

Phosphorylation of Endogenous U937 Substrates 


Several recent studies have focused on protein kinase C 
activation and substrate phosphorylation during PMA-stim- 
ulated formation of reactive oxygen intermediates.” Spe- 
cifically, PMA-stimulated phosphorylation of a substrate 
with an approximate mol wt of 43 to 48 kD has been 
associated with superoxide formation,” which suggests 
that these events are important in signal transduction. We 
examined the effects of 1,25(0H),D, on phosphorylation 
reactions in intact cells stimulated with PMA. U937 cells 
incubated with 10°" mol/L 1,25(QH),D, for six days were 
labeled with “P and treated with PMA under conditions 
identical to those used to measure competence for LDL (Fig 
2); longer exposure to PMA did not change these results 
(data not shown). When compared with control cells, 
1,25(OH),D, exposure increased PMA-dependent phospho- 
rylation of 68- and 48-kD substrates (Fig 2). PMA- 
dependent phosphorylation of a 17-kD substrate was not 
altered by 1,25(OH),D, pretreatment. Exposure to 
1,25(OH),D, also enhanced the non-PMA-dependent phos- 
phorylation of a 74-kD substrate. We also examined phos- 
phorylation in cells treated with IFN-y, lymphocyte condi- 
tioned media, or 1,25(QOH),D, in the presence and absence of 


Tabie 2. Peak LDL {cpm x 10°) 








Adherent Nonadherent Percentage 
Experiment Celts Celis of Contra 
1 104 54 52 
2 124 50 48 
3 84 64 76 
4 75 50 66 
Mean 93 57 60.5 
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Cells were cultured for five days in the presence of (20%) lymphocyte 
conditioned media and 1,25(OH),D, (10°" mol/L), after which time 
nonadherent cells were prepared by gentle removal with a rubber 
policernen, adjusted for viability, and compared with adherent cells 
Stimulated with PMA (100 ng/mL}. Results from four separate experi- 
ments are given, and LDL of nonadherent celis is presented as a 
percentage of adherent cells. 
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Fig 2. The effect of 1,25(0H),D, treatment on PMA-stimu- 


lated phosphorylation in “P-labeled U937 cells. After a six-day 
incubation with 10°° mol/L 1,25(OH),D, or vehicle, the cells were 
labeled with ?P for two hours. The “P-labeled cells were exposed 
to 100 ng/mL PMA for ten minutes. PMA-stimulated phosphoryla- 
tion was analyzed as described in Methods. Identical results were 
obtained when a saturating dose of PMA was used. These data are 
representative of three separate experiments. 


IFN-y (Table 3, Fig 3). PMA-stimulated, 48-kD substrate 
phosphorylation was detected under all conditions of incuba- 
tion; cells exposed to lymphocyte conditioned media or 
IFN-y were not significantly different from cells treated 
with vehicle. In cells treated with 1,25(OH),D, alone or in 
combination with IFN-y, PMA-stimulated, 48-kD substrate 
phosphorylation was increased relative to the other condi- 
tions examined. Concomitant exposure of cells to 
1,25(0H),D, and lymphocyte conditioned media did not 
enhance 48-kD phosphorylation beyond that observed with 
1,25(QH),D, alone (Table 3). Furthermore, no difference in 
48-kD phosphorylation was detected when adherent and 
suspended cells (exposed to the combination of 1,25(OH),D, 
and lymphocyte conditioned media) were compared as 
described in Table 2 (data not shown). The background 
(PMA-independent substrate phosphorylation) was similar 
in all conditions examined. 


DISCUSSION 
The U937 cell line has provided a unique model for study 
of the differentiation and activation of phagocytic cells. By 
using this cell line it has been possible to demonstrate cell 
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Table 3. Effects of Differentiation on 48-kD Substrate 
Phosphorylation of Intact Cells 





Substrate 
{48 kD) 
Phosphorylation 
{Arbitiary Units) 


0.53 + 0.01 
(100)* 
0.68 + 0.03 
(128) 
0.81 + 0.01 

j (154) 
0.68 + 0.04 

(128) 
0.88 + 0.14 

(166) 
0.59 + 0.13 


Pretreatment l 


Conditions PMA Exposure 


Vehicle {control} es 
Vehicle -4 
1,25(OH),D,, 107° mol/L 4 
INF-y, 1,000 U/mL 4 
1,25(0H);D; + IFN-y i 
CM, 10% Ti 


1,25(OH),D, + CMt + 
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A total of 0.3 x 10° cells/mL were treated for six days under the 
conditions listed above. After the treatment period the cells were labeled 
with “’P and exposed to vehicle or PMA (100 ng/mL) for ten minutes. 
The samples were subjected to PAGE followed by autoradiography as 
described in Methods. The 48-kD substrate phosphorylation was guanti- 
tated by densitometric analysis. These data represent the mean and SEM 
of three separate experiments. 

*Percentages of 48-kD substrate phosphorylation in vehicle-treated 
cells not exposed to PMA are in parentheses, 

t These results reflect the mean 48-kD phosphorylation of adherent 
and suspended cells examined on four separate occasions. 


differentiation in response to a wide variety of substances.’ 
The active metabolite of vitamin D is 1,25(OH),D,.? Recep- 
tors for 1,25(0H),D, have been demonstrated in monocytic 
phagocytes. We have previously shown that 1.25{OH),D, 
enhances differentiation of U937 cells as demonstrated by 
expression of complement receptors.* These effects are most 
dramatic when 1,25(OH),D; is combined with lympho- 
kines.‘ 

Differentiation of U937 cells also has been associated with 
the development of the ability of these cells to reduce oxygen, 
a function important if not critical for microbicidal and 
tumorcidal activity of mononuclear phagocytes.” U937 cell 
differentiation is associated with competence for nitroblue 
tetrazolium dye reduction,’ formation of hydrogen perox- 
ide, and expression of LDL.” 

The present studies were undertaken to extend our earlier 
observations*® regarding the interaction of lymphokines and 
1,25(0H),D,. Consistent with these results, we observed 
maximal competence for LDL among cells exposed to lym- 
phocyte conditioned media plus 1,25(OH),D,;. Vitamin D 
derivatives with less affinity for 1,25(QH),D, receptors’ 
were not equivalent to 1,25(OH),D,. Lymphocyte condi- 
tioned media alone acted only as a weak stimulus, and IFN-y 
alone or 1,25(OH),D, alone had no effect in this system. 

These results differ somewhat from reports in which U937 
cells’ ability to reduce O, could be demonstrated after their 
differentiation with either IFN-y or 1,25(OH),D, 
alone." However, in these studies different systems for 
detecting O, reduction were used. Also, clones of U937 cells 
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Preincubation with: 


Exposure to PMA (100ng/mi): os + + 


Fig 3. PMA-stimulated phosphorylation in “P- 
labeled intact U937 cells. After a six-day axposure 
to 1,25(9H),D, alone or in combination with IFN-y. 
IFN-y, or lymphocyte conditioned media (see Table 
3 for specific concentrations), the cells were 
labeled with “P for two hours. The tabeled cells 
were exposed to vehicle (—} or 100 ng/mL PMA 
(+) as shown above the autoradiogram. After ten 
minutes the reaction was terminated, the sub- 
strates were separated by electrophoresis and 
identified by autoradiography. Location of the 48- 
kD substrate is indicated on the side of the autora- 
diogram. This experiment was repeated on three 
separate occasions with similar results. 


clearly differ in their responses to these factors. In earlier 
work using the same U937 clone as examined in this report 
we noted a minimal increase in glucose oxidation and no 
superoxide release among cells differentiated with 
1,25(O8H),D;.° 

Several different mechanisms for expression of LDL by 
phagocytic cells are possible.” Because light emission was 
eliminated by SOD, LDL could primarily be attributed to 
superoxide anion formation. Myeloperoxidase was present in 
these cells in equivalent concentration under all conditions 
examined, so differences in myeloperoxidase formation are 
unlikely to account for differences in LDL observed.” 

Formation of superoxide by phagocytic cells involves the 
transfer of a single electron from NADPH to molecular 
oxygen.” This reaction is mediated by an NADPH-depen- 
dent oxidase and a unique cytochrome. PMA-mediated O, 
reduction has been linked to the transfer of protein kinase 
activity from the cytosol to a particulate fraction” and 
phosphorylation of 43- to 48-kD proteins.” A deficiency 
in phosphorylation of these substrates has been demonstrated 
in neutrophils harvested from children with some forms of 
chronic granulomatous disease of childhood" where the 
cells are unable to form superoxide. Increased superoxide 
formation by activated macrophages has also been related to 
a reduced Km of NADPH oxidase’? and enhanced cyto- 
chrome function.” 

We measured protein kinase C-dependent phosphoryla- 
tion in U937 cells incubated under conditions known to 
enhance LDL. The metabolite 1,25(OH),D, enhanced maxi- 
mal protein kinase C-dependent phosphorylation of a 48-kD 
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substrate but did not permit LDL. Lymphocyte conditioned 
media alone led to LDL but did not enhance 48-kD phospho- 
rylation. Phosphorylation of the 48-kD protein under condi- 
tions that allowed maximal LDL, ie, the combination of 
1,25(OH),D, and lymphocyte conditioned media, was no 
greater than that of 1,25(OH),D, alone. Furthermore, under 
these conditions LDL but not phosphorylation was greater in 
adherent cells. These results suggest that although 48-kD 
phosphorylation may be required for superoxide formation in 
response to some stimuli the magnitude of phosphorylation 
cannot be correlated directly with LDL. These results do not 
preclude the idea that a 1,25(OH),D,-mediated increase in 
48-kD phosphorylation enhances other effects of lymphocyte 
conditioned media involved in the generation of LDL. Also, it 
is possible that the conditions of incubation have an effect on 
translocation of protein kinase C” or other critical cytosolic 
components, and experiments to examine this hypothesis 
are in progress. 

These results are consistent with our recent work showing 
activation of human monocyte-derived macrophages by 
1,25(OH),D,.*% In these studies the concentration of 
1,25(OH),D, required to produce effects was supraphysio- 
logical, although serum vitamin D binding proteins reduce 
the concentration of 1,25(QOH),D, available to interact with 
the cell. It seems possible that lower concentrations of 
1,25(OH),D, are permissive for a variety of cell functions. 
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Plasminogen Activator Inhibitor 1: Development of a Radioimmunoassay 
and Observations on Its Plasma Concentration During Venous Occlusion 
and After Platelet Aggregation 


By Egbert K.O. Kruithof, Grazia Nicolosa, and Fedor Bachmann 


To study the effect of plasminogen activator inhibitors 
{PAI) on fibrinolysis it is essential to be able to specifically 
measure these proteins in plasma. To this end PAI-1 was 
purified from cortisol-stimulated HT 1080 fibrosarcoma 
cells and antisera raised in rabbits. The immunologic rela- 
tionship of the purified inhibitor to PAI-1 in plasma and 
platelet extracts was established by immunoblotting and 
regular and reverse fibrin zymography. Furthermore, the 
purified product could be immunoprecipitated with anti- 
bodies to human or bovine endothelial cell-derived PAI-1. 
A radioimmunoassay was developed that measures both 
free and tissue-type plasminogen activator (t-PA)-bound 
PAI-1 in plasma and has an effective range of & to 250 
ng/mL. PAI-1 antigen levels showed a twofold increase 
after 20 minutes of venous occlusion, partially due to 
hemoconcentration. Approximately one quarter of PAI-1 
before and after venous occlusion is derived from platelets. 


HE FIBRINOLYTIC SYSTEM in plasma is a complex 

enzyme cascade system that degrades fibrin and 
thereby contributes to the prevention of thrombotic disease. 
A precise regulation of this system is needed to avoid 
nonspecific proteolytic degradation of plasma proteins and 
hemostatic plugs. Plasminogen activator inhibitors (PAIs) 
are important modulators of fibrinolytic activity." Two 
distinct PAIs have been purified and are well characterized: 
PAI-1*’ and PAI 2.*° PAI-1 is found in normal plasma and 
platelet releasates,'''* whereas PAI-2 is observed in preg- 
nancy plasma’*"* and in leukocytes.” 

In a variety of clinical conditions increased levels of PAI 
activity have been observed,*'*'*°** and it has been sug- 
gested that PAI activity behaves as an acute-phase reac- 
tant. PAI activity assays, however, do not measure the 
total PAI content of plasma but rather the level of free, 
active PAI-1. To evaluate correctly the contribution of 
PAI-I to fibrinolytic activity it is, therefore, essential to 
complement PA and PAI activity measurements with spe- 
cific antigen determinations of tissue-type PA (t-PA) and 
PAI-1. To this end we have developed a radioimmunoassay 
(RIA) for PAI-1, applied this assay to the measurement of 
PAI-1 levels in the plasma of normal individuals before and 
after venous stasis, and studied the contribution of platelets 
to PAI-1I levels in plasma. 


MATERIALS AND METHODS 


Materials. lodogen was obtained from Pierce, Oud Beijerland, 
The Netherlands; Na'™I from New England Nuclear, Dreieich, 
FRG; Sephadex G25, Sephadex G100, CNBr-activated Sepharose 
4B, concanavalin A (Con A)-Sepharose, and protein A-Sepharose 
from Pharmacia Fine Chemicals, Uppsala, Sweden. All reagents for 
polyacrylamide gel electrophoresis in the presence of sodium dodecyl 
sulfate (SDS-PAGE) and the peroxidase staining reagent were 
obtained from Bio-Rad Laboratories, Richmond, CA. The World 
Health Organization International Reference Preparation of human 
t-PA (NIBSC 83/517) was provided by Dr P.J. Gaffney from the 
National Institute for Biological Standards and Control, London, 
UK. 
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After correction for hemoconcentration and the contribu- 
tion of platelets to plasma PAI-1 levels, a still significant 
increase in PAI-1 levels was noted during venous occlusion, 
which suggests that the local vascular bed releases PAI-1. 
Concomitant with PAI-1, t-PA antigen levels increased 
eightfold and fibrinolytic activity 18-fold after 20 minutes 
of venous occlusion. PAI-1 and t-PA levels tend to augment 
with age: in a group of older healthy volunteers (mean age. 
53 years) PAI-1 levels were twice and t-PA levels 1.7 times 
higher than those in a group with a mean age of 29 years. 
Determination of PAI-1 antigen levels before and after 
platelet aggregation demonstrated that 85% of PAI-1 in 
platelet-rich plasma is associated with platelets. The aver- 
age amount of PAI-1 per platelet was 0.3 fg/platetet, ie, 
4,000 molecules per platelet. 
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t-PA. Human t-PA was purified and antiserum against LPA 
raised in rabbits as described.” The activity of the t-PA preparation 
used in this study was calibrated in a fibrin plate assay against that 
of the international reference preparation. 

PAI-1. PAI-| was purified from the conditioned medium of 
cortisol (1077 mol/L) stimulated human fibrosarcoma (HT 1080) 
cells.’ The cells were grown to confluency in Dulbecco's modified 
Eagle’s medium (DME) supplemented with 5% fetal bovine serum 
in 175-cm? culture flasks (Corning Glass Works, Corning, NY), 
washed twice with phosphate buffered saline (8 g/L NaC), 0.2 g/L 
KCl, 1.44 g/L Na HPO, - 2H,O, 0.2 g/L KH,PO,) and stimulated 
with 1077 mol/L cortisol (Solu-Cortef, Upjohn, Puurs, Belgium) in 
DME. Five-liter batches were concentrated 20-foid in a Millipore 
membrane concentrator equipped with a 4,650-cm’ Pellikon mem- 
brane and passed over a 70 mL Con A-Sepharose column." After 
washing with 40 mL 0.05 mol/L Tris-HCI, 0.1 mol/L NaCl, pH 7.4, 
and 40 mL. 0.05 mol/L Tris-HCl, | mol/L NaCl, pH 7.4, PAI-1 was 
eluted with 0.05 mol/L Tris-HCI, 0.5 mol/L NaCl, 0.5 mol/L 
methyl-a-mannoside, pH 7.4. The protein-containing fractions of 
the methylmannoside eluate (approximately 150 mL) were dialyzed 
against 2 x 4 L of deionized water and, after the addition of 0.1 vol 
0.1 mol/L Tris-HCI, 0.1 mol/L NaCl, pH 8.4, passed over a 1. 5-mL. 
column of diethyl aminoethyl-Sephacel preequilibrated with 0.01 
mol/L Tris-HCI, 0.01 mol/L NaCl, pH 8.4. The column was washed 
with 10 mL of the same buffer followed by a stepwise gradient of 
0.02 to 1 mol/L NaCl in the same buffer. PALI, as judged from 
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sodium dodecyl sulfate~polyacrylamide gel electrophoresis (SDS- 
PAGE), reverse fibrin zymography, and immunoblotting eluted at a 
NaCl concentration of 0.! mol/L. The PAI-1—containing fractions 
(3 mL) were further purified by gel filtration on a 60 x 1.6-cm 
column of Sephadex G-100 preequilibrated with 0.05 mol/L Tris- 
HCI, 0.1 mol/L NaCl, and 0.0001% merthiolate, pH 7.4. The final 
product showed one band on reduced and nonreduced SDS-PAGE. 
The protein concentration of the pure product was determined by the 
method of Bradford.” 

PAI-1 was radioiodinated by the iodogen technique.” Radioiodin- 
ated inhibitor was separated from free '*I by passage over a 10-mL 
column of Sephadex G-25. Its specific radioactivity was between 15 
and 50 nCi/ng (corresponding to 15 to 50 molecules of '**1 incorpo- 
rated per 100 molecules of PAI-1). After radiolabeling, approxi- 
mately 70% of the inhibitor had retained its ability to bind to 
anti~PAI-1 antibodies. Under the conditions of the RIA using 
different antiserum dilutions and the recommended amount of 
cellulose-bound donkey antibodies to rabbit IgG (Sac-Cel, Well- 
come, Beckenham, UK) maximal binding was only 30% at an 
antiserum dilution of 1:200. This low binding was found to be due to 
the limited capacity of the Sac-Cel preparation. When immuno- 
purified antibodies and twice the amount of Sac-Cel were used, 70% 
of the radiolabeled antigen was immunoprecipitated. 

Preparation of antiserum to PAI-1. For the immunization of 
rabbits with PAT-1, the gel-filtered PAI-1 preparation was subjected 
to further purification by SDS-PAGE in a 10% gel.” The stained 
PAI-1 bands were cut out and mixed by passage through hypodermic 
needles of different diameter with 0.3 mL 0.2% SDS and 0.5 mL 
Freund’s adjuvant (complete for the first immunization, incomplete 
for subsequent immunizations). 

Total anti-PAI-1 IgG was prepared by passing | mL antiserum 
over | mL protein A-Sepharose. After washing with 10 mL 0.05 
mol/L Tris-HCI, 0.1 mol/L NaCl, pH 7.5, the IgG was eluted with 
0.1 mol/L glycine-HCl, pH 2.2. Immediately after elution the IgG 
solution was neutralized by addition of 0.1 vol of 1 mol/L Tris. For 
preparing immobilized anti-PAI-1 IgG, the IgG was dialyzed 
overnight against two changes of 1 L 0.1 mol/L sodium bicarbonate, 
pH 8.1, and coupled to 1 mL CNBr-activated Sepharose 4B. 

Immunopurified anti-PAI-1 antibodies were prepared from total 
igG by immunoadsorption to immobilized PAI-1 (150 ug pure 
PAI-1 coupled to 300 uL CNBr-activated Sepharose) and elution 
with glycine-HCI as described earlier. Biotinylated anti-PAI-1 IgG 
was prepared from the immunopurified IgG by incubating for two 
hours at room temperature 200 uL IgG (0.3 mg/mL in sodium 
bicarbonate) with 10 uL N-hydroxysuccinimidobiotin (Sigma 
Chemical Co, St Louis; | mg/mL in dimethylsulfoxide). Incorpo- 
rated biotin was separated from free biotin by centrifugation 
through a 0.6-mL spincolumn of Sephadex G-25. Immobilized 
immunopurified anti-PAI-1 IgG as well as control IgG was pre- 
pared either by direct coupling of 0.5 mg IgG/mL CNBr-activated 
Sepharose or by incubating for one hour at room temperature 10 HE 
IgG with 100 uL cellulose-bound donkey antibodies to rabbit IgG 
(Sac-Cel) followed by removal of the supernatant by centrifugation 
(five minutes, 1,000 g). For comparative purposes antisera to bovine 
PAI-1® and human PAI-1*' were obtained from Drs Loskutoff 
(Scripps Clinic, La Jolla, CA), and Sprengers (Gaubius Institute, 
Leiden, The Netherlands), respectively. 

Plasmas. Blood was obtained by venipuncture from healthy 
volunteers in the age range of 26 to 59 years before and after ten or 
20 minutes of venous occlusion induced by an arm cuff inflated 
midway between the systolic and diastolic pressures. Women using 
oral contraceptives were excluded from the study. The blood was 
collected on ice, anticoagulated with buffered citrate (nine parts of 
blood were mixed with one part of 0.1 mol/L sodium citrate/citric 
acid, pH 4.5), and centrifuged for 15 minutes at 1,800 g and 4°C. 
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Plasma was collected and stored at — 70°C. Platelet-rich plasma 
(PRP) was obtained by a ten-minute centrifugation at 200 g and 
20°C; the platelet concentration was adjusted to 200 x 10° platelets / 
mL by dilution with the homologous plasma. Platelet aggregation in 
PRP was induced by collagen (Horm, Hormon Chemie, Munich, 
FRG; 5 pg/mL final concentration). After a five-minute incubation 
at 37°C the plasma was centrifuged (one minute, 25°C, 10,000 g) 
and stored at —70°C as described before.’? Only those PRPs that 
exhibited normal aggregation curves in an aggregometer were used 
in the study. A normal plasma pool was prepared from the blood of 
50 healthy blood donors. 

An extract of washed platelets was made as described.” 

Immunoradiometric assay of t-PA in plasma. t-PA antigen 
levels in human plasma were determined by using an immunora- 
diometric assay essentially as described by Rijken et al.” Standard 
curves were made by using a t-PA preparation standardized against 
the international reference preparation of t-PA. The latter has a 
specific activity of 500,000 1U/mg protein (1 1U = 2 ng). 

RIA of PAI-I in plasma. One hundred microliters of plasma, 
diluted fivefold with immunodilution buffer (0.05 mol/L Tris-HCl, 
pH 7.4, 0.2 mol/L NaCl, 0.01 mol/L EDTA, 0.1% bovine serum 
albumin, and 0.05% NaN,) was mixed with 100 uL anti-PAI-1 
antiserum that had been diluted such (1:1,500) that, in the absence 
of cold PAI-1, half-maximal binding of the '* I-labeled PAI-1 to the 
antibodies occurred. After a two-hour incubation at 37°C, 50 L of 
‘“1-PAI-1 (8,000 cpm) was added and incubated overnight at 4°C. 
One hundred microliters of a suspension of donkey antirabbit IgG 
antibodies coupled to cellulose {Sac-Cel) was then added and 
incubated for 30 minutes at room temperature. Two milliliters of 
0.15 mol/L NaCl was added and the mixture centrifuged for five 
minutes at 200 g. The pellet was washed twice with 2 mL 0.15 mol IL 
NaCl and counted in a gamma counter. Radioactivities after deduc- 
tion of nonspecific binding of '°1-PAI-1 to Sac-Cel in the absence of 
added antiserum (usually less than 30 cpm) were compared in a 
logit-log plot with a standard curve of PAI-1. 

Determination of the fibrinolytic activity of the eugiobulin pre- 
cipitate. After 10 minutes thawing in a 37°C waterbath, | vol of 
plasma was diluted ten times with ice-cold water and acidified by the 
addition of a 0.75 vol of 0.25% acetic acid (resulting in a pH of 
approximately 5.9). After 30 minutes at 0°C the preparation was 
centrifuged for 20 minutes at 1.200 g and 4°C and the pellet 
redissolved in a 0.5 vol of 0.1 mol/L Tris-HCI, pH 7.5. Fibrinolytic 
activity of the euglobulin fractions was determined on plasminogen- 
rich bovine fibrin plates as previously described.” For each sample, 
30 uL of the euglobulin solution and 5 gL of 17.5 mmol/L sodium 
flufenamate (Aldrich Chemical Co, Steinheim, FRG) was applied 
on the fibrin plates. 

Electrophoretic-zymographic techniques. Fibrin zymography™ 
and reverse fibrin zymography” were performed after electropho- 
retic separation of plasma and platelet proteins by SDS-PAGE in a 
10% gel.” Immunoblotting” was executed as follows: after SDS- 
PAGE the proteins were electrophoretically (16 hours, 30 V, 100 
mA) transferred to nitrocellulose. The membrane was treated with 
Blotto” (5% wt/vol skimmed milk powder in 0.025 mol/L Tris, 0.5 
mol/L NaC!, pH 7.5, [TBS]), incubated for three hours at room 
temperature in 5 mL of biotinylated anti-PAI-1 IgG (2 ug/ml in 
Blotto), wasked three times for 15 minutes with 100 mL Blotto and 
twice for ten minutes with TBS, incubated one hour at room 
temperature with a conjugate of horseradish peroxidase with avidin 
(Vector Laboratories, Inc, Burlingame, CA), washed three times for 
15 minutes in TBS, and developed with a peroxidase staining reagent 
(Bio-Rad). 

PAI activity assay. PAI activity in plasma was determined by 
the indirect chromogenic substrate assay as described by Verheijen 
et al.‘ 


RADIOIMMUNOASSAY FOR PA-INHIBITOR 1 


Preparation of PAI-l-deficient plasmas or platelet ex- 
tracts. Five milliliters of a normal human plasma pool was passed 
over a l-mL column of immobilized total anti-PAI-1 IgG (5 to 10 
mg of lgG/mL gel) and the protein containing run-through fractions 
(except for the first milliliter) collected and stored at — 70°C. As an 
alternative, small-scale procedure, PAI-! or PAI-1/t-PA complexes 
were removed from plasma or platelet extracts by a one-hour 
incubation at room temperature with immunopurified or control IgG 
bound to immobilized antirabbit IgG antibodies (prepared as 
described earlier). The immunoprecipitant then was removed by 
centrifugation (five minutes, | 000 g) 


RESULTS 


Characterization of the antibodies directed against the 
PAI purified from HT 1080 cells. HT 1080 cells are able 
to secrete both PAI-1 and PAI-2.% To develop an RIA 
measuring PAI-1 in human plasma and in platelet extracts it 
was essential to determine whether the PAI purified by us 
from corticosteroid-stimulated HT 1080 cells is immunologi- 
cally related to plasma PAI-1 and whether the antiserum 
raised reacts with PAI-1 in plasma and platelet extracts. To 
establish the specificity of the antiserum, we subjected an 
extract of washed platelets to SDS-PAGE followed by 
reverse fibrin autography as well as immunoblotting using 
biotinylated anti-PAI-1 IgG. A 51-kd immunoreactive band 
was observed in immunoblotting (Fig 1, lane 1). This band 
comigrated with the lysis inhibition band seen in reverse 
fibrin autography; the latter band could be removed by 
immunoprecipitation of the platelet extract with immuno- 
purified anti-PAI-1 antibodies (Fig 1, lanes 2 and 3). 


The addition of an excess of t-PA (5 U/mL, final concen- 
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Fig 1. Analysis of the specificity of the anti-PAI-1 antiserum. 
Lane 1, extract of washed platelets subjected to SDS-PAGE and 
immunoblotting using biotinylated anti-PAI-1 IgG; lanes 2 and 3, 
extracts of washed platelets subjected to SDS-PAGE followed by 
reverse fibrin zymography; lanes 4 to 6, regular fibrin zymography 
of euglobulin precipitates prepared from human plasma before 
(lane 4) or after (lanes 5 and 6) the addition of 5 U/mL t-PA. Lane 3 
and 6 show a platelet extract or plasma euglobulins, respectively, 
after immunodepletion with immunopurified anti-PAI-1 IgG. The 
positions of the molecular weight (mol wt) standard proteins 
phosphorylase b (94,000), bovine serum albumin (67,000), ovalbu- 
min (43,000), and carboanhydrase (30,000) are indicated at the 
left. 


1647 


tration) to human plasma resulted in the formation of a 
110-kDa t-PA/PAI-1 complex band; a minor amount of 
t-PA remained in its free form. Immunoprecipitation using 
immunopurified anti-PAI-| antibodies completely removed 
the 110 kDa band, whereas the 67-kDa t-PA band still 
remained visible, thus demonstrating that the anti-PAI-] 
antibodies also recognize PAI-] complexed to t-PA (Fig 1). 

Further proof of the immunologic relationship of the PAI 
purified by us from HT 1080 cells with PAI-! was obtained 
by immunoprecipitation of radiolabeled PAI with antisera to 
bovine or human endothelial cell-derived PAI-1 (Fig 2). 
With our antiserum, half-maximal binding occurred at an 
antiserum dilution of 1:1,500. When using the antisera 
against PAI-1 from human or bovine endothelial cells, 
half-maximal binding occurred at lesser dilutions, but the 
slopes of the three curves was comparable. Preincubation of 
our antiserum with different concentrations of the PAI 
purified by us from HT 1080 cell conditioned medium or 
with a PAI-! preparation that, by aminoacid sequence 
analysis, was identical to the endothelial cell-derived PAI- 
1? (a kind gift of Dr Andreasen) resulted in similar PAI 
concentration-dependent binding inhibition curves. Thus, the 
specificity and utility of these antigen and antisera prepara- 
tions for the development of an RIA for measuring PAI-! 
has been established. 

Determination of optimal plasma dilutions for the assay 
of PAI-I|. The presence of a fairly high concentration of 
proteins in plasma may influence the binding of an antigen to 
antibodies. To validly use standard curves for PAI-1 in 
immunodilution buffer it was therefore essential to examine 
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Fig 2. Binding of the PAI purified from HT 1080 cells to 


antibodies to human and bovine PAI-1. Radioiodinated PAI-1 (0.2 
ng, 8,000 cpm) was incubated overnight with various dilutions of 
antiserum prepared against PAI purified from HT 1080 cells (@), 
PAI-1 purified from human (W) or bovine (O) endothelial cells, or 
with preimmune rabbit antiserum (4). The complexes of ‘*I-PAI 
with rabbit antibodies were precipitated with cellulose-bound 
donkey antibodies to rabbit IgG (see Materials and Methods) and, 
after washing the cellulose, counted in a gamma counter. The 
results are expressed as percentages of maximal binding, which, 
under the conditions of the RIA, was 30% at a 200-fold dilution of 
antiserum against human PAI-1. By using immunopurified IgG 
maximal binding was approximately 70%. 
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whether, at the plasma dilutions used, the binding of antigen 
is affected. To this end standard curves of PAI-1 in buffer 
and in different dilutions of PAI-1-depleted normal plasma 
were made by using the antiserum dilution (1:1,500) that 
resulted in half-maximal binding of labeled PAI-1 in the 
absence of added cold antigen. Standard curves of PAI-1 in 
plasma diluted five times or more were essentially identical 
to those made in immunodilution buffer (Fig 3). Further- 
more, the dilution curve of pure PAI-1 added to plasma was 
parallel to that of plasma containing endogenous PAI-1. 
Henceforth, fivefold-diluted plasma was used for all PAI-1 
determinations. Figure 3 shows that the range of the RIA for 
PAI-1 was 1.6 to 50 ng/mL. This results in a factual range in 
plasma of 8 to 250 ng/mL and allows a direct assay of PAI-1 
antigen in over 95% of all plasma samples. 

Correlation of PAI activity and PAI-1 antigen. in the 
plasma of 39 healthy individuals (19 males, 20 females) 
there was a significant correlation (Spearman’s rank correla- 
tion coefficient, .613; P < .001) between PAI-1 antigen 
measured by RIA and PAI activity (Fig 4). However, a 
threefold discrepancy between antigen and activity was 
noted. A concentration of 50 ng/mL active PAI-1 corre- 
sponds to approximately 30 U/mL (based upon a specific 
activity of t-PA of 0.5 U/ng and the respective mol wts of 
t-PA and PAI-1. Instead, the average PAI activity of plasma 
samples containing a mean PAI-1 concentration of 50 ng/ 
mL was only 9 U/mL. 

Intraassay and interassay variability of the RIA. To 
establish the intraasay variability of the RIA, four sets of 18 
duplicate plasma samples were randomly distributed into 
four assay series and the RIA performed the same day. 
Interassay variability was determined by testing the same 
plasma samples on three different days. The intraassay 
variability was dependent on the PAI-1 concentration. At 
low concentrations (between 10 and 20 ng/mL) the average 
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Fig 3. Comparison of standard curves of PAI-1 in fivefold- 
diluted, PAI-1-depieted plasma and in immunodilution buffer. 
Different concentrations of PAI-1 in either immunodilution buffer 
(O) or fivefold-diluted, PAI-1-depieted plasma (@) were incubated 
for two hours at 37°C with 1,500-fold—depleted antiserum to 
human PAI-1. Thereafter radiolabeled PAI-1 (0.2 ng, 8,000 cpm) 
was added and incubated overnight. Bound PAI-1 was separated 
from unbound by immunoprecipitation of the complexes with 
immobilized donkey antibodies to rabbit IgG (see Materials and 
Methods) and, after washing, counted in a gamma counter. The 
figure shows a logit-log plot of percent bound radioactivity v added 
unlabeied PAI-1. 
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Fig 4. Correlation between PAI-1 antigen levels and PAI 
activity in normal human plasma. PAI-1 antigen levels and PAI 
activity were measured in the plasme of 39 healthy volunteers 
aged 22 to 58. 


intraassay variability (SD/mean value x 100%) was 15%, 
whereas above 20 ng/mL it was 7%. The average interassay 
variability was approximately 10%. Because the majority of 
plasmas show PAI-1 concentrations above 20 ng/mL. (see 
the following sections), the RIA permits the measurement of 
PAI-1 in clinical conditions with increased PAI-1 levels with 
a fairly good accuracy. 

Effect of complexation of PAI-1 to t-PA on the measure- 
ment of PAI-I antigen. Because PAI-1 exists in human 
plasma in a free and a t-PA—bound form, it was important to 
establish to what degree the RIA measures t-PA—complexed 
inhibitor. To this end PAI-! antigen determinations were 
performed in ten normal plasmas before and after the 
addition of 10 U/mL exogenous t-PA. PAI-1 values in 
plasmas with or without added t-PA were not significantly 
different (P > .2; Wilcoxon signed rank test) and in general 
within the intraassay variability. The RIA thus effectively 
measures both free and t-PA—bound PAI-1. 

Influence of sex and age on PAI-1 antigen levels. No 
significant difference was observed in plasma PAI-1 antigen 
levels in males (mean + SD, 31 + 18 ng/mL; median, 23 
ng/mL; range, 6 to 65 ng/mL) and females (mean + SD, 
23 + 12 ng/mL; median, 21 ng/mL; range, 6 to 57 ng/ 
mL). 

A significant correlation of PAI-1I antigen levels with age 
was observed (r = .474, P < .005). Dividing the 39 blood 
donors into three equal groups based upon their age indicated 
that PAI-I antigen levels were twofold higher in the oldest 
than in the youngest group (Table 1). The difference in PAI 
activity was less marked: the average PAI activity was 40% 
higher in the oldest age group (P > .05). The lesser differ- 
ence in PAI activity between the two age groups probably is 
due to the 70% higher t-PA level in the oldest group (Table 
1), which leads to a proportionately lower fraction of free 
PAI-1 in the older individuals. 

Release of PAI-1 by human plateiets. Collagen stimula- 
tion of ten PRPs adjusted to 200 x 10° platelets /mL resulted 
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Table 1. Effect of Age on PAI-1 and t-PA Antigens 


and PAI Activity 
Age PAI-1 t-PA PAI Activity 
Group {yr} {ng/mL} ng/ml) {Umi} 
1 29 + 3* 18 +6 2.9 + 0.9 4.8 + 1.7 
2 40 +3 26 + 15 34+ 17 5.1 £2.7 
3 53 +4 38 + 18 4.8 + 2.4 6.7 + 3.5 
Pt of v3 <,002 <.02 NS 


Plasma antigen concentrations of PAI-1 and t-PA as well as PAI 
activity was determined in the plasrna of 39 healthy volunteers. The 
collective was divided into three groups according to age. 

*Mean + SD of 13 individuals. 

+P values were determined with the Mann-Whitney rank correlation 
test. 

NS: P > 0.05 


in a significant increase of PAI-1 antigen levels (P < .002; 
Wilcoxon signed rank test) from 22 + 13 ng/mL (mean + 
SD, median, 2] ng/mL; range, 8 to 45 ng/mL) in platelet- 
poor plasma (PPP) to 79 + 30 ng/mL (median, 78 ng/mL; 
range, 40 to 137) in the PRPs after platelet aggregation. 
From the increase in PAI-1! antigen levels after platelet 
aggregation (57 ng/200 x 10° platelets) the amount of 
platelet-associated PAI-1 was calculated to be 0.3 fg/ 
platelet (or approximately 4,000 molecules of PAI-1 /plate- 
let). No correlation (r = .05) was observed between plasma 
PAI-1 levels and platelet-associated PAI-1, which indicated 
that platelets and plasma constitute two independent com- 
partments for PAI-1. The mean, total platelet-associated 
PAI-1 calculated from the amount of PAI-1 released by 
200 x 10° platelets and corrected for each individual platelet 
count was 139 + 55 ng/mL, a value sixfold higher than that 
of PPP. 

PAI-I and t-PA antigen concentrations before and after 
venous occlusion. During venous occlusion plasma antigen 
concentrations of both PAI-1 and t-PA antigen augmented. 
PAI-1 antigen levels increased from 27 + 16 ng/mL (me- 
dian, 22 ng/mL) to 43 + 33 ng/mL (median, 38 ng/mL) 
after ten minutes and to 59 + 53 ng/mL (median, 44 
ng/mL) after 20 minutes of venous occlusion (Fig 5). 
Concomitantly, t-PA antigen levels increased from 3.4 ng/ 
mL to 12 and 26 ng/mL after ten and 20 minutes, respec- 
tively, of venous occlusion (Fig 5). Several mechanisms may 
be responsible for the increase in PAI-1 concentrations. 
(a) hemoconcentration induced by the venous occlusion, 
(b) release of PAI-1 by partially activated platelets, and 
(c) release of PAI-1 by local sources, eg, endothelial cells. To 
evaluate the effect of hemoconcentration, the total protein 
level of each individual plasma was determined; mean 
plasma protein concentrations increased 27% after ten min- 
utes and 38% (P < .001, Wilcoxon signed rank test; Table 2) 
after 20 minutes of venous occlusion. After correction of each 
PAI-1 value for the corresponding hemoconcentration, PAI- 
| concentrations after a 20-minute venostasis still were 
significantly (P < .001) increased with respect to those 
before stasis. To assess the contribution of platelets to 
stasis-induced augmentations of PAI-1, the extent of the 
platelet release reaction was estimated from 8-thromboglo- 
bulin (8-TG) levels. Concentrations of 8-TG increased sig- 
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Fig 5. Effect of venous occlusion (VO) on PALT and t-PA 


antigen levels in normal volunteers, PAI-1 and t-PA antigen levels 
were measured in the plasma of 39 healthy volunteers before and 
after ten and 20 minutes of VO. 


nificantly from 320 to 581 ng/mL, but after correction for 
hemoconcentration this increase was not significant any- 
more. Because platelets release 8-TG and PAI-1 simulta- 
neously,’ it is obvious that part of the PAI-i in the plasma 
before and after venous occlusion stems from platelets. 
Linear regression analysis of PAI-1 and 6-TG levels before 
venous occlusion yielded a regression coefficient of .312 (not 
significant). The increases in PAI-1 and 6-TG levels after 
correction for hemoconcentration were correlated in a bor- 
derline manner (r = .333, P = .04). From the slopes of the 
latter regression curve, it was estimated that an increase of 
100 ng/mL of 8-TG corresponds to an increase of 2.2 ng/mL 
of PAI-1 (ratio of PAI-1/8-TG, 0.022). These values are 
slightly higher than those arrived at by determining §-TG 
and PAI-1 concentrations in PRP before and after induction 
of platelet aggregation (6-TG, 12 g/mL: PAI-1, 140 ng/ 
mL; PAI-1/8-TG ratio, 0.012; average determination for ten 
plasmas). To avoid underestimating the contribution of 
platelets to increases in PAI-1 concentrations before and 
after venous occlusion, we have chosen the larger of the two 
ratios for our calculations. 

Table 2 shows that both before and after venous occlusion 
approximately 25% of PAI-I antigen was derived from 
platelets. After correction for the contribution of platelets 
and hemostasis a significant increase in PAI-1 levels still 
occurred after ten and 20 minutes of venous occlusion 
(P < .02 and P < .001, respectively, Wilcoxon signed rank 
test). 

The effect of the increases in both t-PA and its inhibitor on 
the fibrinolytic activity of the euglobulins was measured on 
fibrin plates. It increased from an average of 0.3 U/mL 
before to 1.7 and 5.4 U/mL after ten and 20 minutes of 
venous occlusion, respectively. Before venous occlusion fibri- 
nolytic activity was not correlated to t-PA or to PATI-1 levels 
(Table 3). After ten minutes of venous occlusion, fibrinolytic 
activity was positively correlated with t-PA levels and nega- 
tively with PAI-1 levels. After 20 minutes of venous occlu- 
sion, fibrinolytic activity was even more strongly correlated 
with t-PA levels but no longer with PAI-1 levels. Interesting- 
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Table 2. Effect of Hemoconcentration and Platelet Activation on Plasma Antigen Concentration of PAI-1 








pre-VO ¥0-min VO 20-min VO 
Hemoconcentration 1.00 1.27 + 0.15 1.38 + 0.18 
PAI-1 27 + 16 43 + 33* 59 + 53* 
(6-58; 22) (8-160; 38} (10-275; 44) 
PAI-1 {C} 27 + 16 o4 + 25* 40 + 36* 
(6-58; 22) (7-119; 28) (8-202; 33; 
B-TG 320 + 215 467 + 356 581 + 442 
{80- 1,020; 260) (100-2,000; 360} (120-2,000: 470) 
B-TG {C} 320 + 215 370 + 270+ 420 + 300+ 
(80- 1,020: 260) (90- 1,300; 290} {90- 1,300; 300) 
Plasma PAI-1 (C) 20 + 15 26 + 23ł 31+ 35* 
(0-61; 15) (0-110; 21) (0-189; 23) 
Platelet PAI-1 {C} 7 #5 8+6 9+6 
(2-22; 6) (2-35; 7} (2-29: 7} 


Plasma concentrations of PAI-1 and B-TG are given before and after correction (C) for hemoconcentration. The contribution of platelets to PAI-1 (C) 
concentrations in each plasma was estimated from {-TG {C} concentrations in that plasma, by assuming a PAI-1/8-TG ratio of 0.022. All protein 
concentrations are given in nanograms per milliliter. P values are given with respect to pre-VO concentrations. Results are given as means + SD; between 


parentheses are given range and median values. 
Abbreviation: VO, venous occlusion. 
*P < 001. 
+P > .06. 
tP < .02. 


ly, before venous occlusion a striking positive correlation was 
observed between t-PA antigen levels and both PAI activity 
and PAI-1 antigen levels (Table 3). 


DISCUSSION 


Only recently was the key role of PAIs on fibrinolytic 
activity in human plasma established.’* A number of assay 
systems have been developed that estimate PAI activity in 
human plasma.'* These assay systems were based on the 
inhibition of t-PA and measure PAI levels only indirectly. 
They are sensitive to interference by other, nonspecific 
inhibitors of t-PA’ and do not distinguish between different 
PAIs. Furthermore, stimuli such as exercise that induce the 
release of t-PA reduce PAI activity. Assays can be rendered 
more specific for PAI-1 by using antibodies to PAI-1 in 
conjunction with a PAI activity determination.**! To better 
understand the contribution of PAI-I to overall activity of 
the fibrinolytic system we have developed a PAI-1 antigen 
assay. 


Table 3. Correlation Between PAI-1 Antigen, PAI Activity, t-PA 
Antigen, and Fibrinolytic Activity Before and After Ten 
and 20 Minutes of Venous Occlusion 








Correlation Before VO 10-min VO 20-min VO 
FA v t-PA antigen .037 .457* .671* 
FA v PAI-1 antigen —., 176 ~—.329ł¢ ~~ O59 
PAI activity v t-PA antigen .479ł ND ND 
PAI activity v PAH- 1 antigen .613* ND NO 
.602* ND ND 


t-PA antigen v PAI-1 antigen 


The table gives Spearman's rank correlation coefficients. 
Abbreviations: FA, fibrinolytic activity; ND, not done. 
*P < .001. 

tP < .05. 

{P < .005. 


We have used cortisol-stimulated HT 1080 fibrosarcoma 
cells as a source of PAI-1.’ Because these cells are able to 
secrete both PAI-1 and PAI-2,* it was essential to establish 
that the purified PAI indeed corresponds to PAI-1. Its 
immunologic relationship with PAI-1 and the specificity of 
the antiserum raised against this protein were established by 
the following criteria: (a) in platelet extracts one 51-kDa 
immunoreactive band comigrated with the platelet PAI-1 
band, which was demorstrable by reverse fibrin autogra- 
phy'''*'*: the latter was immunoprecipitable with antibodies 
raised against the HT 1080 PAL. (b) The addition of t-PA to 
human plasma resulted in the formation of a 110-kDa 
complex with PAI-1.*°"? The complex but not free t-PA 
reacted with our immunopurified antibodies. (c) Radiola- 
beled HT 1080-derived PAI was immunoprecipitated by 
antibodies to human or bovine endothelial cell-derived PAI- 
1. (d) A PAI-1 preparation that by criteria of amino acid 
sequence analysis is identical to PAE-1 (a gift of Dr Andrea- 
sen”) showed a concentration-dependent inhibition curve of 
the binding of radiolabeled PAI to our antibodies. These 
results thus are in agreement with those of others’??? who 
purified PAI-1 from HT 1080 cells by a slightly different 
technique. 

Standard curves of PAI-1 in PAI-1-depleted plasma were 
identical to those in immunodilution buffer, provided the 
plasma had been diluted at least fivefold. At this plasma 
dilution, the RIA has a range of 8 to 250 ng/mL and allows, 
therefore, the direct determination of PAI-1 levels in resting 
(range, 6 to 57 ng/mL) and postocclusion plasma (10 to 275 
ng/mL) (Fig 5). No difference was observed between free 
and t-PA—bound PAI-1. The assay thus measures the total 
PAI-1 concentration. 

A threefold discrepancy between PAI-1 antigen and PAI 
activity was noted. Part of this discrepancy is due to the 
measurement of complexes of PAI-1 with t-PA that are 
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obviously inactive. A further explanation for the lower PAI 
activity levels may be ascribed to the presence, in plasma, of 
an inactive, “latent” form of PAI-I that can be 
(re-)activated by chaotropic agents.’'** In endothelial cell 
conditioned medium, the active form is converted into the 
latent form with a half-life of a few hours,“ and after four 
hours of culture the ratio of latent to active PAI-1 was more 
than 12. In human serum a ratio of over 3 was observed. 
Because in these studies the completeness of activation of the 
latent form of PAI-1 was not established, actual ratios of 
latent to active PAI-1 may even have been higher. 

As has been observed before for PAI activity in plasma,'* 
PAI-1 antigen levels likewise were extremely variable: in 
normal individuals there was a more than tenfold difference 
between the lowest and highest values. PAI-1 antigen levels 
were the same in males and females but increased with age. 
Average PAI-1 antigen levels were twofold higher in the 
oldest group of volunteers, aged $3 + 4 years, as compared 
with the youngest group, aged 29 + 3 years. This twofold 
increase did not match entirely a nonsignificant 40% increase 
in PAI activity. The lesser increase in PAI activity than t-PA 
antigen concentration may be due, at least in part, to an 
increased t-PA level in the higher age groups. Our results are 
in accordance with those of Aillaud et al“ who recently 
found that PAI activity and t-PA antigen levels were 60% 
and 120% higher, respectively, in a group of elderly individu- 
als (average age of 80 years) as compared with a young 
control group. Whether the increases in PAI-1 and t-PA 
levels are truly an age-related phenomen or merely reflect an 
increased occurrence of subclinical pathologies at a higher 
age remains to be established. 

During venous occlusion, antigen levels of both t-PA and 
PAI- increased linearly with time. After 20 minutes of 
venous occlusion PAI-! levels had increased twofold and 
t-PA levels eightfold. Correction for hemoconcentration 
according to total plasma protein concentrations indicated 
that half of the increase in PAI-1I levels was due to hemocon- 
centration. Measurement of B-TG in these plasmas sug- 
gested that both before and after venous occlusion approxi- 
mately one quarter of PAI-1 was derived from platelets that 
had been partially activated. After correction for platelet- 
derived PAI-1, a significant increase in PAI-1 was still 
observed after 20 minutes of venous occlusion. This suggests 
that the local vascular bed contributes to PAI-1 levels, most 
likely by release of PAI-1 from endothelial cells.°*'? The 
corrected increases in t-PA levels (fivefold) are much greater 
than those of PAI-1 (50%), thereby resulting in general in a 
net increase in fibrinolytic activity. 

In resting plasma no correlation was observed between 
t-PA or PAI-1 levels and fibrinolytic activity as measured in 
twofold-concentrated euglobulins. Apparently, in resting 
plasma the larger part of t-PA exists in an inactive form, and 
“resting” fibrinolytic activity is little influenced by PAI-1. 
After ten minutes of occlusion, the average PAI-1 levels were 
43 ng/mL, and average t-PA levels were 12 ng/mL. Assum- 
ing that only one third of PAI-1 is in an active form, the 
average concentrations of active PAI-I and t-PA are roughly 
equimolar. As expected in such a situation, a positive correla- 
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tion of fibrinolytic activity with t-PA levels and a negative 
one with PAI-1I levels was observed. This suggests that, after 
ten minutes of venous occlusion, fibrinolytic activity reflects 
a balance between activator and inhibitor and implies that a 
deficient fibrinolytic activity may be due to a high concentra- 
tion of PAI-1 or a deficient release of t-PA. At longer 
occlusion times (20 minutes}, the amount of t-PA secreted is 
in such an excess over active PAI-1 that fluctuations of 
PAI-| contribute much less to fluctuations of fibrinolytic 
activity. 

In the resting plasma of healthy individuals a striking 
correlation was observed between t-PA antigen concentra- 
tions on the one hand and PAI-1 antigen levels and PAI 
activity on the other. This correlation could be explained if 
the t-PA/PAI-1 complexes had a longer in vivo half-life than 
free PAI-1 or t-PA or if there was a coordinate regulation of 
the release and/or clearance of PALI and t-PA. In rabbits, 
the half-life of complexes of t-PA with PAI-1 and of free 
t-PA was only a few minutes’ and shorter than that those of 
PAI activity (seven minutes).” It therefore seems more 
likely that a common mechanism regulates plasma levels of 
PAI-1 and t-PA. 

Direct measurement of PAI-I antigen levels before and 
after platelet aggregation confirms previous results of activ- 
ity assays and immunologic studies that platelets release 
PAI-1.'"?* The amount of PAL-1 per platelet (0.3 fg or 
4,000 molecules) is quite small. Nevertheless, quantitation of 
PAI-1 released by platelets suggest that in human blood the 
larger part of PAI-1 (approximately 85%) is associated with 
platelets, as has been estimated previously from PAL activity 
assays.'*'* In the present study in which plasma was pre- 
pared as recommended for fibrinolytic tests, approximately 
one quarter of PAI-1 was derived from platelets. The lack of 
correlation, however, between plasma and platelet-asso- 
ciated PAI-| concentrations and the poor correlation 
between 8-TG and PAI-1 levels in resting and poststasis 
plasma confirms previous suggestions that plasma and plate- 
lets constitute two independent compartments of PAI-1.'*" 
However, the presence of 6-TG in the citrated plasmas 
indicated that approximately 25% of PAI-! in plasma actu- 
ally was derived from platelets. By collecting the blood on 
anticoagulants that prevent platelet release, eg, those recom- 
mended for measuring 6-TG in plasma, a more precise 
determination of the plasma concentration of PAI- I could be 
achieved. 

The development of a specific RIA for PAI-1 now permits 
studies on the fluctuations of PAI-1 antigen in health and 
disease. As exemplified by the modifications of PAI-] anti- 
gen and PAI activity with age, antigen measurements may 
be more sensitive in detecting increases in PAT- levels than 
are activily assays. 
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Reciprocal Translocation Involving the Short Arms of Chromosomes 7 and II, 
t(7p-;11p+), Associated With Myeloid Leukemia With Maturation 


By Yuko Sato, Syuiti Abe, Keiji Mise, Motomichi Sasaki, Nanao Kamada, Kyuuhei Kouda, 
Manabu Musashi, Yoshio Saburi, Akira Horikoshi, Yuusaku Minami, Tsuyoshi Miyakuni, 
Yasunobu Yokoyama, Yoshimori Ishihara, and Yasusada Miura 


A reciprocal translocation involving the short arms of 
chromosomes 7 and 11, t(7:11)(p15:p15), was found in nine 
patients including eight with acute myelogenous leukemia 
(AML) and one with Philadelphia (Ph') chromosome- 
positive chronic myelogenous leukemia (CML) in blastic 
crisis. Although a similar chromosome rearrangement has 
previously been reported in five patients, including three 
with AML and two with CML, the 7p breakpoint in some of 
these cases was slightly different from that detected in our 
patients. Notable cytogenetic and clinicohematologic find- 
ings in our patients and those reported in the literature 


T IS NOW WELL ESTABLISHED that specific chro- 
mosome abnormalities correlate with a particular type of 
leukemia showing characteristic morphological and clinical 
features. The best known examples are Philadelphia (Ph') 
translocation, t(9;22), in chronic myelogenous leukemia 
(CML)' and t(8;21), t(15;17), and inv(16) in acute 
myelogenous leukemia (AML) with subtypes M2, M3, and 
M4 with abnormal eosinophils, respectively.” These specific 
chromosome abnormalities have a diaganostic and some- 
times a prognostic significance. Recently, a reciprocal trans- 
location involving the short arms of chromosomes 7 and 11, 
t(7p—;llp+), was reported in several Japanese patients with 
leukemia.*'? Although a possible association of t(7;11) with 
Ph'-negative CML has been hypothesized,'' the clinicohe- 
matologic findings thus far obtained from the patients with 
this abnormality seem to be insufficient to warrant. this 
association. 
In the present investigation, we studied nine patients with 
t(7;11), including eight with AML and one with Ph'-positive 
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were as follows: (a) t(7;11) occurred in myeloid leukemia, 
predominantly AML with subtype M2, and occasionally in 
other AML subtypes and in CML with or without Ph’ 
chromosome; (b) t(7;11) frequently occurred as the sole 
chromosome abnormality; (c) most patients showed a low 
neutrophil alkaline phosphatase score: and (d} Auer rods 
were present in leukemic cells of most cases including 
Ph'-positive CML. Our findings suggest that a t(7:11)- 
associated leukemia constitutes a subgroup of myeloid 
malignancy involving maturing leukemic cells. 

© 1987 by Grune & Stratton, inc. 


CML, and paid particular attention to their clinicohemato- 
logic characteristics. 


MATERIALS AND METHODS 


Patients. Nine patients including eight with AML and one with 
Ph'-positive CML in blastic crisis were evaluated and treated at the 
following Japanese institutes; Asahikawa Red Cross Hospital, Hok- 
kaido University Hospital, Jichi Medica! School Hospital, Nihon 
University Itabashi Hospital, Kinki Centra! Hospital, Hiroshima 
University Hospital, Medical College of Oita Hospital, and Naha 
Prefectural Hospital. Informed consent for chemotherapeutic proce- 
dures and necessary studies was obtained from all the patients. 
Diagnosis ard classification of leukemias were based on morphologi- 
cal and cytochemical examinations of peripheral blood smears and 
bone marrow aspirates on admission. The eight AML patients 
included seven with subtype M2 and one with M5b according to 
classification by the French-American-British Cooperative Group 
criteria. ? Neutrophil alkaline phosphatase (NAP) score was 
counted according to the method described by Tomonaga et al.” All 
eight AML patients were given intensive combination chemotherapy 
with cytosine arabinoside (Ara-C) or N4- behenoyl-1-8-D-arabinofu- 
ranosylcytosine (BH-AC; Asahi Chemical Industry, Osaka, Japan), 
daunorubicin (DNR) or aclarubicin hydrochloride (ACM: Aclaci- 
nomycin A, Yamanouchi Pharmaceutical Co, Ltd, Tokyo), 6- 
mercaptopurine (6-MP), and prednisolone (PSL). In some cases, 
either interferon-a (INF-a) or vincristine (YCR) was added as 
initial induction chemotherapy. The CML patient (patient no. 9) 
was treated with busulfan in the chronic phase and with intensive 
combination chemotherapy with BH-AC, DNR, VCR. and PSL in 
the blastic phase. 

Cytogenetic study. Chromosome analysis with Q- or G-banding 
techniques was performed on bone marrow and peripheral blood 
cells obtainec from each patient at the time of diagnosis, Patient nos. 
i and 5 were examined two or three times during the clinical course, 
One Ph'-positive CML patient (patient no. 9) was examined both in 


the chronic and blastic phases. Karyotypes were described according 


to the International System for Human Cytogenetic Nomencla- 
ture.” 


RESULTS 


Hematologic and clinical findings. The hematologic 
and clinical findings in the nine patients examined at the 
time of diagnosis or at the onset of blastic crisis are summa- 
rized in Table |. The ages of these patients, who included five 
males and four females, ranged from 16 to 59 years old 
(median, 40). None of the patients except for the CML 
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Table 1. Clinical, Hematologic, and Cytochemical Data of the Patients With t(7:11} 
Peripheral Blood Bone Marrow eee E 
Mature 
Casa WEC Blasts Hh Platelet NAP® NCC Blasts Prom Granuin Auer AS-D 





No. Age /Sex Diagnosis ix IA [X igid) ix 107A} Score ix 10°/A] (%} (96) (X) Rods POX ch «a-NB Therapy RM imo 
1 36/F AMLIM2} 43.5 12 5.9 3.8 33 66.9 42.9 17.6 23.8 -$ + a = A Yas 41 
2 t6/M AMLIM2) 69.7 94 44.7 3.6 ND 12.5 78.4 5.2 9.2 + + e =- 8 Rio & 
3 28/F AMLIM2} 3.2 5 8.0 12.7 3 10.0 66.1 2.1 14.5 + + + INF, 8 Yes Z7? 
4 &0/F AMLIM2) 3.29 13 10.0 2.9 dec 16.7 §2.2 8.4 7.4 + + “> 8 Yee & 
5 &2/M AMLIM2) 35.2 a2 10.5 12.1 dec 87.0 40.8 9.0 32.0 + $ ND B, YER YES 3 
& £ T/M AMLIM2} 8.2 4§ 7.7 5.4 82 18.0 $4.6 4.5 19.5 + $ 8 Yes 26-4 
7 EHM ANMLIM2} 2.4 3 9.3 3.9 95 4.8 37.0 7.3 10.8 4 4 ve (2 Yee 13 
g 207M ANMLIM Gb} 54.2 ZO 8.6 7.2 ND Hyper 13.6 -$ 2 + + NỌ + 8 Yee i? 
3 8G /F Phi{s}CML-BC 51.2 8 10.4 54.4 51 Hyper 57.4 19.0 3.9 + + fo ~ É Mo S5 id 








Abbreviations: NCC, nucleated cell count; Prom, promyelocytes; Granulo, granulocytes; POX, peroxidase: AS-Dch, napthol-AS-D-chioroacetate 
esterase; a-NB, a-naphthyi butyrnate esterase; RM, remission: A, BH-AC, ACM, 6-MP, and PSL: ND, not done: B, BH-AC, DNR, 6-MP. and PSL: dec. 
deceased; Hyper, hypercellularity: C, BH~AC, DNR, VCR, and PSL; BC, blastic crisis, 


*Tomanaga’s method; normal value, 177 to 350. 
+The number in parenthesis shows the survival time from blastic crisis. 


tin this patient, the percentage of monocytoid elements was 48.7%. See the text for the detail. 


patient (patient no. 9) had a previous history of chemother- 
apy or mutagen exposure. Organomegaly was found in three 
patients, one (patient no. 6) with hepatosplenomegaly and 
two (patient nos. 3 and 9) with hepatomegaly. 

In peripheral blood, the WBC count ranged from 2.4 to 
69.7 x 10’/L (median, 35.2 x 10°/L), the hemoglobin level 
from 5.9 to 11.7 g/dL (median 9.3 g/dL), and the platelet 
count from 2.9 to 54.4 x 10°/L (median, 7.2 x 10°/L). The 
blast count ranged from 3% to 91% (median, 13%). Bone 
marrow aspirates showed a various number of myeloblasts, 
promyelocytes, and maturing granulocytic elements (Fig 
1A). The proportion of myeloblasts in. patient nos. 1 to 7 
ranged from 37.0% to 78.4%. In patient no. 8, the proportion 
of myeloblasts was 13.6%, but that of monocytoid elements 
showing a-naphthyl butyrate esterase activity with NaF 
inhibition was 48.7%. In all patients, the myeloblasts exhib- 
ited peroxidase activity (Fig 1B), and in two, a fraction of 
myeloblasts showed naphthol-AS-D-chloroacetate esterase 
activity (patient nos. 3 and 9). No eosinophilia was observed 
in the bone marrow (below 2.8%) or the peripheral blood 


Fig 1. (A) Bone marrow aspirate from patient 
no. 4 showing myeloblasts and maturing granulo- 
cytic elements. (B) Myeloblasts from patient no. 4 
showing peroxidase activity. (C) A myeloblast 
from patient no. 9 containing a single Auer rod in 
the cytoplasm. 


(below 1.0%) of all patients, although abnormal eosinophils 
with basophilic granules were found in two patient (patient 
nos. | and 2). Large myelocytes and metamyelocytes, and 
giant mature polymorphs were found in some patients (pa- 
tient nos. | to 4). Auer rods were found in the cytoplasm of a 
fraction of the blasts from all patients including the patient 
with Ph'-positive CML (patient no. 9); they were usually 
single and occasionally two or three in a leukemic blast (Fig 
iC), but were not in mature polymorphs of any patient. NAP 
score (normal value, 177 to 350) was decreased in seven of 
the patients, including the CML patient in blastic crisis. 
Patient no. 6 was diagnosed as having M2 when first 
admitted, but at relapse 13 months later, his leukemic blasts 
exhibited myelomonocytoid features. The details of this case 
will be published elsewhere." 

Complete remission was achieved in seven of the eight 
AML patients, among whom patient no. 6 was still alive in 
the third remission at the time of the latest follow up (March 
1987). Their survival times ranged from 5 to 31 months, with 
a median of 12.8 months. Patient no. 9 did not achieve 
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remission and died 4 months after the onset of blastic crisis; 
her total survival time from initial diagnosis was 56 months. 

Cytogenetic findings. The results of the chromosome 
analyses of the nine patients are summarized in Table 2. The 
t(7;11) translocation was detected in all of the patients. The 
breakpoints on chromosomes 7 and 11 were common to all 
patients and occurred at 7p15 and 11p15, respectively (Fig 
2). At the time of diagnosis, five of the eight AML patients 
exhibited the t(7;11) as the sole chromosome abnormality. 
Patient nos. 7 and 8 showed others in addition to t(7:11), the 
former showing 6q — and the latter showing 7q —. Karyotypi- 
cally normal cells were observed in four of the eight AML 
patients, including patient no. 1 who exhibited complex 
additional abnormalities during the later clinical course. 
Patient no. 9 showed t(7;11) together with trisomy 8 and an 
extra Ph' chromosome in blastic crisis in addition to the Ph' 
translocation, which was the only chromosomal abnormality 
observed in the chronic phase. 


DISCUSSION 


Since the first description of the t(7p—;11p+-) transloca- 
tion in the blastic crisis of a patient with Ph'-positive CML,’ 
five patients with this abnormality have been reported*! 
(Table 3). A review of 14 cases including the present nine 
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indicates that this abnormality frequently occurs in AML 
patients (11/14 cases), particularly those with subtype M2 
(7/14) and occasionally in M4 and MS, rather than in CML 
patients with or without the Ph’ translocation (3/14). These 
findings contradict the previous report that suggested an 
association of t(7;11) with Ph'-negative CML." The occur- 
rence of t(7;11) may be analogous to that of the t(8;21) 
abnormality because the latter has been reported to occur 
predominantly in subtype M2 and occasionally in Mi and 
M4178 

Our patients commonly showed decreased NAP levels, 
peroxidase-positive leukemic blasts, and Auer rods in a 
fraction of leukemic blasts (Table 1). These features are 
usually observed in patients with t(8;21).'*?° Although large 
myelocytes and metamyelocytes, giant mature granulocytes, 
and abnormal eosinophils with basophilic granules were 
found in some of our patients, marrow eosinophilia was not 
observed in our patients. The presence of these abnormal 
bone marrow cells and marrow eosinophilia is another mor- 
phological features of an M2 patient with t(8:21).'*?? Auer 
rods, occurring in about 30% of AML patients,” are thought 
to be a distinctive feature of myeloid malignancies, although 
they are quite rare in myeloblastic crisis of CML. In this 
context, special attention should be paid to patient no. 9 who 
showed Auer rods in a small fraction of blasts and low NAP 


Table 2. Cytogenetic Findings of Nine Patients With t(7;11) 








Case Total No. of No. of 
No. Date Specimen Metaphases Cells (%)} Karyotype 
1 May 1985 PB 5 4 (80.0) 46,XX,t(7:11)(p15:p15) 
1 (20.0) 46 ,XX 
September 1985 BM 30 12 46,X,t(X; 13}Hp2 1:p13), ~ 21, del{6}(q23),t(7;1 1)(p 15:p 15}. 
+ der(2 1)t(2 1:7}g22:?) 
9 46,XX, ~ 21, del{7)(p 12), del(1 1p 14), del( 15)(q15},1(2:9) 
(q13:q34), + der(2 1}t(2 1;?)}(q22:?) 
1 46,XX, — 21, del(7}(p 12), del{11Hp 14}, + der(21h{21:7) 
{q22;?) 
8 46,XX 
February 1985 BM 20 16 46.X,t(X; 13p2 1:p 13), - 2 1,del6}q23),t(7;11)(p 15:p 15), 
+ der(2 1)1(2 1:7}(q22:?) 
3 46,X%,t(X; 13Hp2 1:p 13), ~ 2 1,013:20)q25:q12),t17:1 1p 18; 
p15), + der(2 1)t(2 1:?}(q22:?) 
1 46, XX 
2 March 1985 BM 20 20 {100.0} 46, XY,t(7:11}p15:p 15) 
3 March 1986 BM 18 8 (44.4) 46, X%,1(7;11)p15:p 15) 
10 (55.6) 46, XX 
4 August 1985 BM 20 20 (100.0) 46 ,XX,1(7:11)(p 15:9 15) 
5 March 1985 BM 20 20 (100.0) 46, XY.1(7;11Hp15:p 15) 
April 1985 BM 7 7 46,XY,1(7;11}(p 15:9 15) 
6 October 1984 BM 5 5 (100.0) 46. XY .t(7:11}(p15:p 15) 
7 September 1982 BM 93 65 (69.8) 46, XY, dell6)(p2 1),t(7:11)(p15:p 15) 
28 (30.2) 46,X¥ 
8 December 1985 BM 32 25 (78.1) 46,XY,del(7)(q32q35},t(7;11}p 15:p 15) 
7 (21.9) 46,XY 
9 July 1982 BM 10 10 {100.0} 46,XX,1{9:22)(q34:q1 1) 
November 1986 PB 60 37 47,XX,t(9;22}(q34:q1 1).t(7;1 1p 15:p 15), +Ph' 
(M-BC) 14 47 XX,1(9;22}(q34:q1 1).t(7:1 1p 15:9 15),4+8 
5 48,XX,t(9;22)(q34;q1 1),t(7;1 1p 15:p 15), +8, + Ph’ 
4 46, XX ,1(9:22}(q34:q1 1),1(7; 1 1)ip 15:p 18) 


Abbreviations: M-BC, myeloid blastic crisis; PB, periperhal blood: BM, bone marrow. 
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Q- and R-banded partial karyotype showing reciprocal 


Fig 2. 
translocation involving the short arms of chromosomes 7 and 11, 
t(7:11)(p15:p15). from patient no. 6 (A) and a schematic diagram of 
the t(7;71) translocation (B). 


levels in the blastic crisis. Moreover, over 60% of positive- 
peroxidase reaction in this patient’s blasts was unusual 
because the peroxidase reaction in CML blasts is usually 
negative or weakly positive in a small fraction, even in the 
myeloid crisis. Thus, cytochemical and hematologic findings 
of our patients and reported cases indicate that t(7;11)- 
associated leukemia may involve precursors with myeloid 
maturation, although other morphological features that dis- 
this type luekemia from others were not 


tinguist of 


observed. 
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In the present study, AML patients exhibited a fairly good 
response to chemotherapy, although the CML patient failed 
to enter remission, as did two other CML patients reported in 
the literature (Table 3). However, the remission rate in our 
AML patients (7/8 cases, 87.5%) as well as the overall rate 
obtained when those reported in the literature were included 
(10/11 caess, 90.9%) is not significantly higher than that of 
M2 patients without t(7;11) at our institutes 

As shown in Tables 2 and 3, the t(7;11) translocation 
mostly occurred as the sole chromosome abnormality in the 
patients concerned herein. In the previously reported five 
patients with t(7;11), the breakpoint of chromosome 11, 
l ipl5, concurred with that observed in our nine patients, 
whereas somewhat variable breakpoints (p13 to p15) were 
observed for chromsome 7. Recently, we have corrected the 
breakpoint of 7p14 to 7p15 in a previously reported CMI 
case (patient no. 14) (Tomiyasu et al, unpublished). In 
addition, the 7p13 breakpoint in another reported case 
(patient no. 12), was revised to 7p15 (Ishihara et al, unpub- 
lished). Thus, 13 of the 14 patients thus far reported show the 
same 7p and | 1p breakpoints in the t(7;1 1) translocation. A 
Il at 
these breakpoints has recently been reported as the sole 
abnormality in chronic phase of a Ph'-negative CMI 
patient” in whom a low NAP level and peroxidase positivity 


complex translocation involving chromsomes 7 and 


were also observed. This patient may therefore bear a variant 
type of the standard t(7;11) translocation 

Because the band | 1 p15 includes the c-Ha-ras-! oncogene 
locus,” it will be interesting to assess the involvement of this 
the t(7;11) Our 
results from the in situ chromosome hybridization study 


oncogene in translocation preliminary 
showed a different localization for the c-Ha-ras-| gene in the 
t(7;11) between one AML patient (patient no. 6) and one 
CMI the 


translocation of c-Ha-ras-| was demonstrated in patient no 


patient (patient no. 9) of the current series“ 


6 but not in patient no. 9. This may indicate a difference in 
the breakpoint within 11p15 at a molecular level between 
these two cases, as has been shown recently for the molecular 
breakpoints of 22q11 in Ph’ translocation between CML and 
acute lymphocytic leukemia cases.” Further studies should 
be performed on more patients with t(7;11) to determine 


Table 3. Clinical, Hematologic, and Cytogenetic Findings of the Patients With t(7;11) Reported in the Literature 




















Case Auer NAP AS-D 
No Age/Sex Diagnosis Rods level POX ch 
10 25/F AML + MF 276 
11 72/F AML (M4) ND 4 
12 18/F AML (M4) ND ; 
13 6/F Ph'(—) CML ? S 

BC 
14 37/M  Ph'(+) CML- 38 

CP 

pH'(+) CML- ND 
BC 


a-NB 








both its c-Ha-ras-1 localization and the involvement of this 
oncogene in the leukemic process 
Karyotype RM Survival * Reference 
46, XX.1(7:11)(p 15:p15) Yes 17 mo 0 
46 XX,1(7:11)(p14:p 15) Yes 8 mo 9 
46, XX,t(7:11)(p13:p15) Yes 20 mo 12 
46, XX.t(7:11)(p15:p15) No 5d 17 
46. XY,1(9:22)(q34:q1 1) No 34 m (4 m) = 


46.XY.t(9:22)(a34;a 1 1},t(7;11) 
(p14;p15] 











*The number in the parenthesis shows the survival time from blastic crisis 


+The 7p breakpoint in these cases recently has been revised to be 7p15 (see the text) 
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In conclusion, the present study indicates that a t(7;11)- 
associated leukemia represents a subtype of myeloid malig- 
nancy showing characteristic clinicohematologic features as 
described earlier. Considering that all of the 14 patients with 
t(7;11) thus far reported are Japanese, its occurrence might 
show an uneven geographic distribution, as has already been 
found for the t(8:21) and t(15;17) translocations, both of 
witch showed a much higher incidence in Japan than in 
other countries.°’** Nevertheless, careful observation may 
help to detect leukemia patients with t{7;11) in other coun- 
tries, particularly because two non-Japanese patients with 
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myeloid malignancy have recently been reported to have the 
(7:11) abnormality.” 
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Philadelphia-Positive Chronic Myeloid Leukemia With a Chromosome 22 
Breakpoint Outside the Breakpoint Cluster Region 


By Licia Selleri, Franco Narni, Giovanni Emilia, Alessandro Colo, Patrizia Zucchini, Donatella Venturelli, 
Amedea Donelli, Umberto Torelli, and Giuseppe Torelli 


In chrenic myelogenous leukemia (CML) the reciprocal 
translocation resulting in the Philadelphia chromosome 
(Ph') leads to the formation of a chimeric transcriptional 
unit carrying both c-ab/ and ber genetic information whose 
transcript is a new fused mRNA of 8.5-kilobases (kb) and 
whose translational product is a 210-kD phosphoprotein 
with tyrosine kinase activity implicated in the pathogenesis 
of CML. Twenty patients affected by Ph'-positive CML 
were studied by Southern blot analysis with ber. Unex- 
pectediy, in three Ph’-positive patients, the breakpoint of 
chromsome 22 was located neither inside the ber region 
nor 5’ to it. Northern biot analysis of the RNAs of two of 


HE HALLMARK OF CHRONIC myeloid leukemia 
(CML) is the presence of a shortened chromosome 22, 
the Philadelphia (Ph') chromosome, in more than 90% of 
cases.' The Ph’ chromosome, which can be considered the 
first karyotypic marker consistently present in a human 
neoplasia, is the result of a reciprocal translocation between 
chromosomes 9 and 22, t(9;22) (q34:q11).° This transloca- 
tion meves the c-ab/ protooncogene from chromosome 9 to 
chromosome 22? and the c-sis protooncogene from 22 to 9." 

The breakpoint of chromosome 9 has been found to occur 
at variable sites in a region of up to 100 kilobases (kb) 5’ 
upstream from the first v-ab/-related human c-abl 
sequence. On the other hand, the breakpoint of chromosome 
22 has been shown to be clustered within a limited region of 
about 3.8 kb, the breakpoint cluster region (bcr),° which is 
the middle portion of a transcribed gene of unknown func- 
tion.’ 

The reciprocal translocation therefore brings the 5’ end of 
the c-ch/ oncogene into head-to-tail juxtaposition with the 
truncated 3’ portion of ber on chromosome 22. This mecha- 
nism leads to the formation of a new chimeric transcriptional 
unit containing genetic information from both c-abl and bcr 
genes’ whose resulting transcript is a new fused mRNA of 
about 3.5 kb.® 

The translational product of this hybrid mRNA is a 
210-kD phosphoprotein with tyrosine kinase activity. This 
protein is larger than the normal p145 kD c-abl protein 
because of a replacement of aminoterminal c-ab/ sequences 
by dcr sequences.” Interestingly, the aminoterminal alter- 
ation is in fact responsible for the transforming activity of 
v-abl in Abelson murine leukemia virus.'° This seems to raise 
the question whether the altererd ab/ protein may play a role 
as a transforming protein in the pathogenesis of CML. 

Therefore the most important genomic event in CML 
seems to be the juxtaposition of c-ab/ with the broken ber 
gene. Although the breakpoint on chromosome 9 is quite 
variabie and therefore the length of the hybrid bcr/abi gene 
also varies, the fused mRNA is consistent from patient to 
patient as a result of primary transcript splicing." 

It is now well established that in Ph'-positive acute lym- 
phocytic leukemia (ALL) the breakpoint of chromosome 22 
can take place outside the dcr region.'' In such cases a novel 
6.5-kb chimeric mRNA" and a novel 190-kD chimeric 


Blood, Yo! 70, No 5 (November), 1987: pp 1659-1664 


these patients showed the absence of a detectable 8.5-kb 
chimeric mRNA. In the third patient a chimeric MRNA was 
detected by a c-ab/ cDNA probe but failed to hybridize with 
a ber cDNA probe and showed very low hybridization levels 
with further 5’ ber cDNA probes. The possibility is raised 
that in CML a breakpoint outside ber might either still allow 
the formation of a chimeric mRNA, possibly through alter- 
native splicing mechanisms, or might prevent the tran- 
scription of the chimera. In the latter case differen: molec- 
ular events resulting in the formation of a Ph’ chromosome 
may underlie the same myeloid neoplastic phenotype. 

© 1987 by Grune & Stratton, inc. 


protein’”!* were observed. On the other hand, some observa- 


tions seemed to suggest that perhaps in CML too the 
breakpoints on chromosome 22 are more heterogeneaus than 
previously recognized.“ This focused our attention on the 
importance of analyzing as many as possible Ph’ -positive 
CML patients to examine, by Southern blot analysis with a 
ber probe, how large a variation there could be in thedocation 
of chromosome 22 breakpoints that still allows the formation 
of the novel chimeric MRNA. 


PATIENTS AND METHODS 


Patients. Twenty adult patients affected by typical Ph’-positive 
CML were studied. In all cases leukapheresis procedures us well as 
bone marrow aspirations were performed after informed and explicit 
consent of the patient was obtained, as required by our institutional 
guidelines. Ten patients were in chronic phase, three: were in 
accelerated phase, and 7 were in blast crisis (BC). Leukemic cells 
were obtained by leukapheresis. 

Cytogenetic studies. Cytogenetic studies were performed on 
bone marrow and/or peripheral blood cells after a 24-hour incuba- 
tion in tissue culture media without mitogen, and standaed trypsin 
Giemsa chromosome preparations were made. The karyotype was 
expressed by using the recommendations of the International System 
for Human Cytogenetic Nomenclature. 

Southern and Northern blots. Leukocyte-enriched plasma was 
diluted in RPMI and centrifuged to obtain cell pellets from which 
nucleic acids were extracted. DNA was isolated according to the 
technique of Gross-Bellard et al with minor modifications ? Control 
DNA was extracted from leukocytes of two normal bloed donors. 
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Ten micrograms of each DNA was digested with the restriction 
endonucleases BamHI, Bglll, BamHI together with Bg/Il, EcoRI 
and Hindili, run in 0.7% agarose gel electrophoresis: and then 
transferred to a Gene Screen (NEN) membrane with a standard 
Southern blot technique.'* 

RNA was extracted by following the technique described by 
Torelli et al.” Total RNA was then enriched for polyadenylate- 
containing RNA by one cycle of purification on oligo-dT-cellulose 
affinity chromatography.” Ten micrograms of poly (A)+ RNA 
were size fractionated by electrophoresis on 0.8% agarose gel 
containing 7% formaldehyde and then transferred to nitrocellulose 
filters as described.” 

Preparation of DNA probes. To study the rearrangement of ber 
we used a subgenomic probe represented by a HindIlI-Bg/ll 
genomic restriction fragment of 1.2-kb (Pr-1, Oncogene Sciences, 
Inc, Mineola, NY) that corresponded to an intron region of the gene 
located in the middle of the ber region® and two contiguous dcr 
cDNA fragments of 0.6 kb (6.13-0.6) and 0.3 kb (6.13-0.3) repre- 
senting a coding portion of the gene 5S’ to the ber region. The cDNA 
fragments used to study the expression of the chimeric mRNA were 
represented by a 0.5-kb human ber cDNA restriction fragment 
(Pr-2, Oncogene Sciences) isolated from cDNA V1-3*! and by ber 
cDNA probes (6.13 and K31) corresponding together to a coding 
segment of about 1.4 kb 5S’ to the sequences represented by the dcr 
probe Pr-2. Furthermore, a human c-ab/ cDNA fragment of 1.7 kb 
(K38) corresponding to the 3’ end of the c-ab/ cDNA was used. 

The probes 6.13, K31, and K38 were developed and generously 
provided by Dr G. Grosveld, Erasmus University, Rotterdam, The 
Netherlands. A c-sis probe corresponding to a 1.7-kb BamHI 
subgenomic fragment cloned into pBR 322” was used to examine 
whether a possible breakpoint had occurred in the subbands q12.3 to 
q13.1. A C, probe corresponding to a 0.8-kb EcoRI subgenomic 
fragment containing the C,, light-chain gene” was used to study the 
presence of a possible breakpoint in the subband q1 1.12. 

To define as precisely as possible that some of the cases pertained 
to the myeloid lineage, a probe for C, was used that corresponded to 
a 1.2 EcoRI restriction fragment containing a part of the first and all 
of the second and the third exon of the Ig heavy-chain u gene.” A 
probe for T cell receptor (TCR) 8 was further used and corre- 
sponded to a 0.77-kb insert containing J and C regions cloned in the 
PstI site of pBR 322. 

All the probes were nick-translated with a?P deoxycytidine 
triphosphate (dCTP) to a specific activity of about 2 x 10° cpm/ug 
DNA. 

Hybridization and autoradiography. Southern and Northern 
blot hybridizations were performed according to procedures already 
described in detail."* Washing of the Southern blot filters was 
carried out in 0.3x SSC at 65°C. Washing of the Northern blot 
filters was performed in 0.1x SSC at 65°C. Autoradiography was 
performed at --80°C with intensifier screens for two to seven days. 


RESULTS 


All 20 adult patients studied were affected by CML 
diagnosed according to French-American-British (FAB) 
morphological and cytochemical criteria.” Ten patients were 
in fact in chronic phase, three in accelerated phase, and seven 
in BC. Cytogenetic analysis of all patients showed the typical 
t(9;22) translocations, except in one case in which a simple 
variant translocation of the type t(22;22) was present. Most 
patients in BC showed numerical chromosomal abnormali- 
ties (hyperdiploidy) and/or Ph' duplication as expected.” 

No c-abl rearrangement was detected in any of the cases 
studied,” which did not seem surprising because the chromo- 
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some 9 breakpoints can occur in a region very far upstream to 
the first c-ab/ exons. Concerning chromosome 22 break- 
points, restriction data of 17 of 20 patients together with 
cytogenet:c data have already been discussed in detail else- 
where” and are consistent with the results already reported 
in the literature.®’ 

In three cases rather unexpectedly (T.V., R.G., and Q.S., 
all in chronic phase), no rearranged bands were detectable 
after digestion of the DNA with the restriction endonu- 
cleases BamHI, Bgl, Hindll, EcoRI (Fig 1), and BamHI 
together with Bg/Il (not shown). In fact, with all the 
aforementioned restriction enzymes in all three cases, the 
hybridization with the 1.2-kb HinadIII-Bg/ll ber genomic 
fragment showed only the normal germ line band as in the 
control DONA from normal leukocytes; they measured, 
respective.y, 3.3 kb in the BamHI-cigested DNAs, 5.0 Kb in 
the Bgill-digested DNAs, 4.5 kb in the HindIII-digested 
DNAs, 23 kb in the EcoRI-digested DNAs (Fig 1), and 2.1 
kb in the same DNAs digested with Ag/II together with 
BamHI. “hese experiments were performed twice for all 
three patients with different blood samples collected within 
an interval of few months. In all three cases both Ig heavy- 
chain and TCR @ chain genes were in a germ line configura- 
tion (data not shown), which confirmed, in addition to the 
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Fig1. Southern biot analysis of the DNAs of the three patients 
(T.V., R.G.. and Q.S.) that were digested with EcoRI, Hindi, Bgm, 
and BamHi and hybridized to the 1.2-kb Hindill-Bg/tt ber genomic 
fragment (Pr-1}. No rearranged bands are present in any of the 
cases with ail the restriction enzymes. Only the normai band, as in 
control DNA of normal leukocytes (N), is present with all the 
enzymes in all three cases. 
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FAB morphological and cytochemical data, that patients’ 
leukemic cells were of the myeloid lineage. 

Our findings suggested that in these three patients the 
breakpoint was located either 5’ or 3’ to the ber, but certainly 
not within it despite the fact that in all three cases a t(9;22) 
translocation was present (Fig 2) in two successive cytoge- 
netic analyses carried out within an interval of several 
months and despite the typical CML phenotype. It must be 
added that the peripheral cell populations studied were 
formed by a vast majority (>80%) of largely immature 
myeloid elements and that the Ph’ translocation was 
observed in more than 90% of the metaphases analyzed in 
each case. 

Because it was suggested that in Ph'-positive ALL cases 
the breakpoints of chromosome 22 could be located 5’ to the 
ber region,’ we explored the possibility that a similar 
genomic event could have taken place in our CML patients. 
Therefore in Southern blot experiments we used the probes 
6.13-0.6 (0.6 kb) and 6.13-0.3 (0.3 kb), which represent 
together 0.9 kb corresponding to the middle portion of the ber 
cDNA sequences 5’ upstream the ber region”! (G. Grosveld, 
personal communication). Again the pattern obtained after 
digestion with BamHI, Bgill, and EcoRI was in all three 
cases identical to that of normal leukocyte DNA, both with 
the 0.6 kb probe (data not shown) and with the more 5’, 
0,3-kb probe (Fig 3). 

The DNAs of the three patients were then hybridized to 
the c-sis probe after digestion with EcoRI and HindIII and 
to the C, probe after digestion with EcoRI, BamHI, and 
Hindili. No rearranged bands were found in any case, either 
with c-sis or with C, with all the restriction enzymes used 
(data not shown). With the c-sis probe, however, two of the 
three patients (T.V. and R.G.) exhibited a polymorphic 












Fig 2. Partial karyotypes of the three patients showing a 
t(9:22) translocation in ali casas. 1, the patient T.V; 2, R.G; and 3. 
Q.S. 
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pattern already described” after digestion with Hindi! that 
gave bands of about 21.7 kb and 14.5 kb (not shown). 
Furthermore, in one of the three patients (R.G.) a polymor- 
phic restriction pattern, already described,” was also 
observed in the EcoRI-digested DNA hybridized to the C, 
probe that gave an additional band of about 22 kb (not 
shown). 

As far as the expression of dcr is concerned, the poly (A) + 
RNAs of the three described patients together with the poly 
(A)+ RNAs derived from two other classic Ph'-positive 
CML cases were hybridized on the same filters with the ber 
cDNA probe (Pr-2) representing exons | and 2 of the ber 
region and at least two further bcr exons 5’ upstream to them. 
In all cases two faint bands representing normal ber mRNA 
species were detected (Fig 4). A major 8.5-kb mRNA species 
was detectable only in the RNAs analyzed as controls and 
was apparently absent in the RNAs of the three patients 
already mentioned (Fig 4) despite the fact that the chimeric 
mRNA, when present, is usually more abundant than the 
normal ber mRNA transcripts. 

We then submitted the same RNAs toa further Northern 
blot analysis using a c-ab/ c-DNA probe (K38). This experi- 
ment revealed, both in poly (A) + and total RNA of one case 
(T.V.), the presence, in addition to the normal expected 
bands, of a faint but still detectable band of about 8.5 kb 
while confirming the absence of a chimeric MRNA species in 
the remaining two cases (Fig 5). The results obtained in 
patient T.V. led us to investigate whether the chimeric 
mRNA might be detected by ber cDNA probes representing 
coding sequences located more 5’ to those represented by 
Pr-2. In fact Northern blot analysis of the poly (A}+ RNA 
of patient T.V., which was carried out with the ber cDNA 
probes 6.13 and K31 and represented together about 1.4-kb 
sequences 5’ to the Pr-2 sequences, revealed extremely faint 
bands, one of which apparently corresponds to the chimeric 
mRNA present in a classic CML case (Fig 6). The same 
experiment did not show any detectable level of chimeric 
mRNA in patient Q.S. (Fig 6) or patient R.G. (not shown), 

The densitometric analysis did not reveal relevant differ- 
ences in the amount of RNA present in each lane in all 
experiments. 


DISCUSSION 


The analysis of our data led us to the conclusion that in 
these three patients affected by classic Ph'-positive CML the 
breakpoint of chromosome 22 was certainly outside the ber 
region. This finding seemed rather unusual, even though in 
the literature some evidence has already been reported of 
Ph'-positive CML in which a breakpoint inside ber was not 
found,'’ and it has been suggested that in CML the chromo- 
some 22 breakpoints must be more heterogeneous than 
previously recognized.*'* Southern blot hybridizations with 
the ber (Pr-1) probe suggested that in these three cases the 
breakpoint should be located either 5’ or Y to the ber region. 

Meanwhile, the absence of rearranged bands in the DNAs 
digested with different enzymes and hybridized with the 
probes Pr-1, 6.13-0.6, and 6.13-0.3 prevented us from local- 
izing the breakpoint in the coding segments 5‘ to the ber in a 
region of about 13 kb flanking the 5’ site of the ber. 
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Consequently, we reasoned that in these three cases the 
breakpoint should be located either in the far 3’ extremity of 
the ber gene or outside the gene. 

The absence of rearranged bands with both C, and c-sis 
probes made it clear that the breakpoint had occurred 
neither in the C, locus located in the qi 1.12 subband nor in 
the c-sis locus harbored in the q12.3-13.1 subbands. At 
present we cannot explain the apparently high frequency of 
polymorphism of both these loci in these three cases. 

With respect to the Northern blot hybridization data, we 
did not find a chimeric mRNA of 8.5 kb in two of these three 
Ph'-positive CML patients. We are well aware of the uncer- 
tainties related to a quantitative evaluation of mRNA 
expressed at low level; nevertheless, our results indicate that 
in these two cases the level of transcription of the 8.5-kb 
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Fig 4. Northern blot analysis of the poly (A) RNAs of the 
three patients (R.G., T.V., and Q.S.) hybridized to the ber cDNA 
probe (Pr-2). The 8.5-kb chimeric mRNA is clearly detectable only 
in the two CML populations used as controls (CML 1 and CML 2). 
The normal ber mRNA species are present in all the populations. 
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Fig 3. Southern blot analysis of the DNAs of the 
three patients (T.V.. RG., and Q.S.) that were 
digested with EcoRI, BamHi, and Bgill and hybridized 
to the 0.3-kb 5 ber cDNA (6.13-0.3) probe. The 
restriction pattern with all the enzymes in all three 
cases is identical to that of normal leukocyte DNA (N). 
A faint hybridization signal of a previous hybridization 
of the same filter with probe 6.13-0.6 is still detect- 
able in the region of about 8.0 kb in the DNAs digested 
with Bgiii. 


mRNA, if present, must be at least much lower than in 
common Ph'-positive CML. These findings seemed rather 
unusual because data reported in literature show the pres- 
ence of this chimeric mRNA in practically all cases of 
Ph'-positive CML studied thus far with rare exceptions. 2” 

So the possibility is raised that a breakpoint of chromo- 
some 22 outside the ber region might result in a novel 
genomic structure that does not allow the transcription of a 
8.5-kb chimeric mRNA, at least at a detectable level, while 
leaving unaffected the formation of the mRNA species 
presumed to be normally transcribed by the ber and abl 
genes,” 

A similar genomic event has been described in several 
patients affected by ALL with a (9:22) translocation in 
which the dcr region was not involved in the chromosomal 
rearrangement. "4 By analogy with the reports in some 
Ph'-positive ALL cases, *" it would be worthwhile in these 
two cases to look for the presence of abl/-derived kinases 
different from the chimeric p210 and from the normal p145 
while taking in mind that the cells of these two cases are 
certainly not lymphoid. 
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Fig 5. Northern blot analysis of the poly (A)+ RNAs of the 
three patients (R.G., T.V., and Q.S.} hybridized to the c-ab! cDNA 
probe (K38). The 8.5-kb chimeric mRNA is clearly detectable only 
in the two CML populations used as controls (CML 1 and CML 2) 
and in one of the three patients (T.V.). The normal abi mRNA 
species of 6 and 7 kb are prasent in all the RNA populations. 
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Fig6. Northern blot analysis of the poly(A) + RNAs of patients 
T.V. and Q.S. that are hybridized to the 5’ ber cDNA probes. The 
8.5-kb chimeric mRNA is clearly detectable in the CML population 
used as control (CML 1). In patient T.V. an extremely faint band, 
apparently corresponding to the chimeric mRNA of CML 1, is 
detectable. In patient Q.S. no hybridization of chimeric mRNA is 
detectable. Normal ber mRNA species are present in all the 
populations. 


The third case (T.V.), in which the c-ab/ probe reveals the 
chimeric 8.5-kb mRNA, seems to suggest that unusual 
breakpoints sometimes may still allow the formation of a 
chimeric mRNA. The same mRNA species shows an 
extremely low level of hybridization with S’ ber cDNA 
sequences and apparently no hybridization at all with the 
0.5-kb ber probe representing only the sequences immedi- 
ately flanking the breakpoint. These findings seem to suggest 
that the ber portion of the chimera is in some way different 
from the classic one, possibly as a result of molecular events 
like deletions or alternative splicing.” 

Because different molecular patterns underlie the same 
clinical features, it can be only suggested that the relation- 
ship between the genetic alteration of the Ph' event and the 
resulting neoplastic phenotype remains to be elucidated. 
While this manuscript was under preparation, other authors 
have reported identical molecular abnormalities., ie, ber 
rearrangement as in Ph'-positive CML, in Ph'-negative 
CML cases with and without the classic clinical features of 
CML. They suggest that factors other than the dcr-abl 
rearrangement might underlie the heterogeneous clinical 
features of CML” 

In view of all these results it will be necessary to carefullly 
define the genomic structure, the mRNA transcripts, and the 
presence of the related proteins in a larger number of CML 
patients. 
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Establishment and Characterization of a Human Myeloid Cell Line 
From Philadelphia Chromosome-Negative Myeloblastic Leukemia 
Arising ina Patient With Myelodysplastic Syndrome 


By Todd M. McCarty, S. Rajaraman, F.F.B. Elder, P. Gadson, and E. Brad Thompson 


A new hematopoietic cell line derived from a patient with 
Philadeiphia chromosome (Ph')-negative myeloblastic leu- 
kemia arising from a form of myelodysplastic syndrome 
(MDS) is described. This cell line, designated TMM, con- 
sists of immature celis with the morphological characteris- 
tics of young myeloblasts and grows in suspension culture 
with a doubling time of about 30 hours. By cytochemical 
analysis the cultured cells were positive for acid phospha- 
tase. They were free of the Epstein-Barr virus—associated 
nuclear antigen as weil as terminal deoxynucleotidyl trans- 
ferase. Further phenotypic analysis revealed the expres- 
sion of the myelomonocytic-specific antigen Leu-M1 and 
receptors for the Fc portion of IgG. Partial differentiation of 


HE USE OF MODEL SYSTEMS to study human 
malignancies in vitro has been a productive approach in 
understanding the development, progression, and response to 
treatment of these disorders. But with the diversity of 
malignant disease collectively comprising the leukemias, no 
single model system has been satisfactory for all and in fact 
might be misleading for many. It is therefore important to 
examine various in vitro models representing the various 
specific categories of leukemia so as to better understand the 
mechanisms involved. 

Dysplasias involving cells of mono/myeloid origin typify 
this diversity because they consist of distinct as well as 
ill-defined categories of disease. Although the Philadelphia 
chromesome (Ph') is found in about 90% of chronic myeloid 
leukemia (CML)! the fundamental! nature of this disorder is 
unresolved. The remaining 10%, traditionally designated 
Ph'-negative CML, is recognized as a biologically distinct 
subgroup.” More generally termed “a typical myeloprolifera- 
tive disorder,” this subgroup consists of a poorly understood 
heterogeneous population corresponding to much poorer 
prognoses.“ In addition, a syndrome of myelodysplasia 
(MDS) having several subcategories has been defined in 
recent years, and patients with this syndrome have a high 
probability of developing leukemia.” '* Unfortunately, our 
ability to study this area of disease is limited, and a perma- 
nent in vitro model would be a valuable tool in understanding 
the nature of this disorder. 

Although several Ph'-positive CML cell lines have been 
established,"??! attempts to establish a Ph'-negative CML 
cell line have been unsuccessful.” We are unaware of any cell 
lines having been established from patients with myelodys- 
plastic syndromes (MDS).”*4 Many myeloid cell lines origi- 
nally expressing the Ph' chromosome have subsequently lost 
this marker, but lymphoblastoid cells carrying the Epstein- 
Barr virus resulted.” Here we describe the establishment 
and characterization of a Ph'-negative CML cell line derived 
from a patient originally diagnosed as having Ph’-negative 
CML wm blast crisis. In review, the case history of the patient 
is consistent with an MDS progressing to a blastic phase. 
This cell line should prove beneficial in delineating the 
heterogeneity found within this category of disease, as well as 
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these celis could be induced by dimethy! sulfoxide, tetra- 
decanoyl phorbol acetate, or hypoxanthine and resulted in 
celis of the myeloid series expressing lysozyme and recep- 
tors for the C3b complement protein. The karyotype was 
46.XY, lacked the Ph’ chromosome, and displayed no 
abnormalities at the light microscopic level. No rearrange- 
ment of the bcr-c-ab! gene complex was found. This cell 
line should be useful for studying an important type of the 
heterogeneous population constituting Ph'-negative my- 
eloblastic leukemia, arising in this instance frorn MDS, as 
well as for studying differentiation and proliferation of 
human pluripotent stem celis. 
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in providing a new model system for studying differentiation 
and proliferation of human pluripotent stem cells. 


MATERIALS AND METHODS 


Case history. The TMM cell line was derived from the periph- 
eral blood of a 62-year-old white male originally diagnosed as having 
Ph'-negative CML in blast crisis. He was diagnosed as having 
chronic obstructive pulmonary disease in 1981 and treated with 
cephradine, vitamin K, theophylline, and terbutaline. In August 
1984 he presented with a chronic buccal mucosa ulcer and was found 
to have thrombocytopenia (75,000/uL) and splenomegaly. His 
WBC was 17,100/uL with monocytosis (13%), and abnormal plate- 
let morphology was observed. From that time until his death, the 
patient’s blood cellularity was characterized by monocytosis (up to 
59% on differential counts), frequently by eosinophilia (up to 24%), 
and by thrombocytopenia. In November 1984 he was diagnosed as 
having Ph'-negative CML with a bone marrow karyotype of 46. XY, 
and a bone marrow biopsy that showed an MLE (myeloidveryihroid) 
of about 20:1, 5% to 10% myeloid blasts, numerous coasinophilic 
precursors, plus decreased and atypical megakaryocytes. Clinical 
discussions noted that this seemed an atypical case of CML. and in 
October 1985 the patient developed a marked increase in circulating 
blasts with progression of splenomegaly, pulmonary infiltrate, and 
anemia. He was treated with hydroxyurea and Depo-Testosterone. 
His WBC was 326,000/yuL with 76% blasts, 1% banded neutrophils, 
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1% segmented neutrophils, 17% monocytes, and 5% lymphocytes. 
Leukapheresis was performed for three consecutive days, and 
although the WBC dropped to 100,000/uL the patient continued to 
deteriorate and died on October 23, 1985, of bronchopneumonia. 

Cell culture. The leukapheresed blood was collected in a hepa- 
ranized bag on October 17, 1985, when the patient’s WBC was 
223,000 with 69% blasts. Mononucleated cells were separated by 
Ficoll/sodium diatrizoate (Sigma Chemical Co, St Louis) density 
gradient centrifugation and suspended in RPMI 1640 medium 
(GIBCO, Chagrin Falls, OH) supplemented with 10% heat-inacti- 
vated fetal calf serum (KC Biological, Lenexa, KS). After a lag 
phase, cells with blast morphclogy began to grow. There was no 
massive loss of cells, and the cultured line seemed to develop from 
many cells rather than a few clones. Cells were grown as stationary- 
suspension cultures at 37°C in a humidified atmosphere of 95% 
air/5% CO,. Cells were maintained in logrithmic growth by manual 
dilution to densities between 10° and 5 x 10° cells/mL. as determined 
by a model Zf Coulter counter (Coulter Electronics, Hialeah, FL) 
and by manual counting using a hemocytometer. Cell viability was 
determined by the exclusion of trypan blue (0.5%) after a five- 
minute treatment. 

Morphological and cytochemical analysis. Cytocentrifuge 
preparations were stained with Wright-Giemsa in the University of 
Texas Medical Branch (UTMB) Special Hematology Laboratory 
for morphological analysis. The slides were examined by several 
members of the Department of Hematology and the experienced 
technicians of the Special Hematology Laboratory. For cytochemi- 
cal analysis the following staining reactions were performed: peroxi- 
dase, a-naphthyl butyrate esterase (a-NBE), naphthol ASD chlo- 
roacetate esterase (CAE), acid phosphatase, alkaline phosphatase, 
PAS, and a-naphthy! acetate esterase (Sigma), with L cells used as a 
positive control. 

Epstein-Barr virus-associated nuclear antigen (EBNA) terminal 
deoxynucleotidyl transferase. Testing for the presence of 
Epstein-Barr virus—associated nuclear antigen (EBNA) was kindly 
performed by Dr Keith Ramsey of the UTMB, Department of 
Internal Medicine, by the method of Reedman and Klein.” Raji cells 
were used as a positive contro] while K-562 cells were used as a 
negative control. Terminal deoxynucleotidyl transferase (TdT) was 
assayed by indirect immunoflourescence using the BRL TdT kit. 
(Bethesda Research Laboratories, Bethesda, MD) 

Ultrastructural analysis. Unstimulated TMM cells and TMM 
cells stimulated to differentiate with hypoxanthine were fixed for 
electron microscopy in 1.25% glutaraldehyde in Dulbecco’s phos- 
phate-buffered saline (PBS, Sigma) for 30 minutes at room temper- 
ature. Localization of endogenous peroxidase was carried out 
according to the procedure of Graham and Karnovsky.” The cells 
were viewed by using a Philips EM 300 transmission electron 
microscope (Mahwah, NJ). Electron microscopy was carried out in 
the UTMB Cancer Center Core Facility. 

Analysis of cell marker antigens. Cytocentrifuge preparations 
were air-dried for one hour, fixed in cold acetone for ten minutes, 
and stained after reaction with various antibodies by using the 
avidin-biotin-peroxidase complex method. The slides were incubated 
with monoclonal antibodies Leu-M1, Leu-14, Leu-11B, Leu-15, 
Leu-9, and anti-CRI (Becton Dickinson, Sunnyvale, CA) and 
monospecific polyclonal antibodies to lysozyme and a@l-antichymo- 
trypsin (Dako Laboratories, Santa Barbara, CA) for 60 minutes at 
room temperature in a humidified chamber. Sheep antimouse IgG 
F(ab’),, goat antimouse IgM F(ab’), or goat antirabbit IgG F (ab), 
(Cooper Biomedical, Westchester, PA) and streptavidin-biotin- 
peroxidase complex (Amersham Corp, Arlington Heights, IL) were 
used as the second and third reagents. The final reaction product was 
visualized after incubation with diaminobenzidine, 0.05% in PBS, 
pH 7.2, containing 0.02% H,O,. A single-step procedure using 
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peroxidase-conjugated rabbit antihuman Ig (polyvalent) was carried 
out to detect surface Ig. The reactions were scored based on the 
intensity of the color reaction: (—) no reaction, (+) clearly positive, 
(+ +) strongly positive. When a positive reaction was seen, virtually 
all cells on the slide were positive. Controls included (a) omission of 
the primary antibody, (6) substitution of the primary antibody with 
preimmune serum of the same species, and (c) omissicn of primary 
and secondary antibodies. 

Differentiation induction. Cells were suspended in growth 
medium containing various inducing agents and incubated for six 
days under our standard culture conditions. Dimethyl sulfoxide 
(DMSO) and tetradecanoyl phorbol acetate (TPA) were obtained 
from Sigma, St. Louis and hypoxanthine from Calbiochem-Behring 
Corp. (La Jolla, CA). DMSO was diluted to a concentration of 180 
mmol/L in RPMI 1640, and TPA was dissolved in absolute ethanol 
and diluted in RPMI 1640 to a concentration of 10°’ mol/L. 
Hypoxanthine was dissolved in boiling serum-free RPMI 1640 
medium at a concentration of 50 mol/L and immediately diluted for 
use to $ mmol/L. The cells were suspended at a density ef 10° 
cells/mL in each inducing agent and monitored throughout the 
six-day period. At the end of that time the cells were stained with 
Wright-Giemsa for morphological analysis. Cell morphology was 
evaluated by the experienced staff of the UTMB Special Hema- 
tology Laboratory who were unaware of the various treatments the 
cells had received as the siides were read. Functional analysis was 
determined by the expression of cell marker antigens. 

Cytogenetic analysis. TMM cells were treated with Colcemid 
(Bochringer-Mannheim, Indianapolis) at a final concentration of 5 
x 10°? ug/mL for 40 minutes. The cells were then subjected to 
hypotonic treatment (0.075 mol/L KCI) for 15 minutes at 37°C, 
fixed, and air-dried to slides by following conventional cytogenetic 
methodology. Trypsin G-banding followed methods modified from 
Seabright. 

Restriction endonuclease analysis. DNA was extracted from 
cells, digested with endonuclease, subjected to electrophoresis in 
agar gels, and transferred from the gels to nitrocellulose filter paper 
as previously described.” The filters were probed with a 0.65- 
kilobase (kb) clone of c-ab/ or a 1.2-kb clone of ber (both obtained 
from Oncogene Sciences, Inc, Minecla, NY) and labeled to a 
specific activity of >10* cpm/mg by a standard nick-translation 
technique.” Hybridization conditions were as described previous- 
ty! 


RESULTS 


Establishment of TMM cell line. The patient’s leuka- 
pheresed cells were placed in culture medium at a density of 
5 x 10° cells/mL and left undisturbed for 1 week. During 
that time about 30% of the cell population became pyknotic 
and nonviable. Cells that did not adhere to the growth 
chamber were removed and placed into fresh culture 
medium. Small aggregates of viable cells were evident at that 
time, and the first subculture was made. In the following 2 
weeks about 60% of the cell population was viable, and the 
cell aggregates were actively proliferating. During the next 
13 weeks the cells were manually diluted once a week to a 
density of 10° cells/mL and fed with fresh medium. After 16 
weeks in culture medium the cells were 95% viable and had a 
doubling time of about 30 hours. Since that time they have 
been stable. The cells that have been in continuous culture 
for over 8 months continue to have a doubling time of about 
30 hours and grow as a mix of single cells and free-floating 
aggregates. 
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Morphological analysis. The patient's cells originally 
received in our laboratory were of myeloblastic appearance, 
and the differential count of peripheral blood included some 
mature neutrophils and monocytes. The blasts had round or 
lobulated nuclei with basophilic cytoplasm and a few 
vacuoles (Fig 1A). The morphological appearance of TMM 
cells was consistently that of immature, undifferentiated 
blasts resembling the original leukemic cells. The cytoplasm 
was basophilic, devoid of granules, and contained a few 
vacuoles. The nuclei were spherical and contained fine 
chromatin strands that stained reddish purple. The nuclear- 
to-cytoplasmic ratio was high, and one to five nucleoli with 
sharply defined borders were discernible (Fig 1B). 

Cytochemical analysis. Cytochemical analysis of the 
origina! leukapheresed leukemic cells resulted in 58% of the 
cells staining positive for peroxidase, 79% for a-NBE, and 
100% for acid phosphatase. TMM cells were 100% positive 
for acid phosphatase, with a punctate pattern observed, but 
were negative for a-NBE. Both the original leukemic cells 
and TMM cells were negative for TdT. TMM cells were 
negative for EBNA (Table 1). 

Ultrastructural analysis. Electron microscopy studies 
revealed that TMM cells contain the large, spherical nuclei 





Fig 1. (A) Cytospin preparation of TMM cells stained with 
Wright-Giemsa (original magnification x 225; current magnifica- 
tion x110). (B) Cytospin preparation of original leukapheresed 
leukemic cells stained with Wright-Gimesa (original magnifica- 
tion x 225; current magnification x 110). 
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Table 1. Cytochemical Analysis of Original Leukapheresed 
Leukemic Cells and TMM Cells 








Original Leukapheresed 
Leukermic Cells (%) TMM Celis (%) 
CAE 0 0 
a-NBE 79 0 
Peroxidase 58 3 
Acid phosphatase 100 100 
Alkaline phosphatase 0 0 
PAS o 0 
EBNA NT 0 
TdT 0 0 


Abbreviation: NT, not tested. 


typical of blasts. In the cytoplasm a few vacuoles together 
with other usual cytoplasmic structures such as mitchondria, 
rough endoplasmic reticulum, and microtubule organizing 
centers were seen (Fig 2A). No viral structures were found. 
The TMM cells treated by hypoxanthine (5 mmol/L) were 
smaller and had indented to segmented nuclei and more 
mature cytoplasm. Many spherical, homogenously electron- 
dense, peroxidase-positive cytoplasmic granules were pres- 
ent, similar in appearance to those of normal granulocytic 
cells (Fig 2B). 

Cell marker analysis. Both the original cells and TMM 
cells were surface Ig—negative, B-cell associated antigen 
(Leu-14)—negative, E rosette (Leu-9)—negative, Fe receptor 
(Leu-11b)—positive, myelomonocytic antigen (Leu-M1)- 
positive, a,-antichymotrypsin—negative, C3b receptor (anti- 
CR1)-—negative, and C3bi receptor (Leu-15)—negative. The 
original cells were positive for lysozyme, whereas TMM cells 
were negative (Table 2). 

Differentiation induction. The uninduced TMM cells 
contained 2% mature myeloid cells. TPA and hypoxanthine 
each stimulated partial morphological maturation (42% and 
68%, respectively) to cells with the appearance of early 
myeloid precursors while also inducing lysozyme and recep- 
tors for the C3b complement protein. TPA treatment did not 
stimulate increased adherence to the surface of the culture 
vessel but did slightly increase the tendency for cells to 
adhere to another. TPA did not induce a-naphthy! acetate 
esterase. Neither hypoxanthine nor TPA caused any of the 
cells to take on the appearance of monocyte/macrophage- 
like cells. DMSO also stimulated the cells to express lyso- 
zyme, but did not induce morphological maturation (Table 
2). 

Cytogenetic analysis. Cytogenetic analysis of 25 G- 
banded metaphase cells showed a range of 43 to 46 chromo- 
somes. The modal number was 46 (22 of 25 cells), and the 
karyotype was 46,XY (Fig 3). The remaining three cells had 
karyotypes of 45,XY,—12, 44,.XY,—7,—12; and 
43,.XY,—12,—21,—22, respectively. Scoring of 100 ran- 
domly selected metaphases showed 2% of the cells to be in 
the tetraploid range. 

Lack of ber-c-abl complex rearrangement. Although 
TMM cells lack the Ph' chromosome, instances are known in 
which euploid cells show rearrangement of the c-ah/ gene 
and ber gene. Restriction endonuclease digestion and South- 
ern blot analysis of DNA from TMM cells and the leukemic 


Fig 2. (A) Ultrastructural appear- 
ance of a typical TMM cell cultured 
under usual conditions (original magnifi- 
cation x 12,000; current magnifica- 
tion x 9,000). (B) Ultrastructural ap- 
pearance of a typical TMM cell cultured 
in hypoxanthine (5 mmol/L) for six days 
(original magnification x 20,000; cur- 
rent magnification x 15,000). 





Table 2. Phenotypic Analysis of Original Leukapheresed Leukemic Cells, TMM Cells, and TMM Cells Induced to 
Differentiate With DMSO, TPA, and Hypoxanthine 











TMM Calis 
Original Leukapheresed 
Leukemic Celis Unstimulated DMSO TPA Hypaxanthine 

Smig _ - i = = 
E rosette — _ = - = 
B cell ~ ne = = 

Fe, receptor + ++ + 4 ++ i 
Leu-M 1 antigen +4 ++ + + +4 ++ 
CR 1 (C3b/C4b receptor) - — — + 4 
CR3 (C3bi receptor) = = = 

a-antichymotrypsin _ = - = = 
Lysozyme + ~ ++ +4 + + 
Mature myeloid cells* (%) 6 2 3 42 68 


Abbreviation: Smig, surface immunoglobulin. 
*Includes myelocytes, metamyelocytes, and banded and segmented neutrophils. 
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patient's peripheral blood cells has not as yet shown any such 
rearrangement (Fig 4). 


DISCUSSION 


We herein described a novel cell line, designated TMM, 
derived from the peripheral blood of a 62-year-old male with 
a form of Ph'-negative myeloblastic disease arising from 
what, in retrospect, was MDS. Several features of the 
patient’s blood and marrow point to the blast crisis arising 
from an MDS. ie, thrombocytopenia with abnormal mega- 
karyocytes, monocytosis with peripheral monocytes and pro- 
monocytes >! x 10°/L, and abnormal erythrocytes with 
anemia. Therefore a current definition of the patient's dis- 
ease might be MDS with chronic myleomonocytic leukemia 
(CMML).° No sideroblasts were seen, and disgranulopoiesis 
was not commented on in the patient's hematologic records. 
The relative eosinophilia is not typical and remains unex- 
plained. 

When compared, the similarity of its cellular characteris- 
tics to the original leukemic cells, and the lack of EBNA and 
TdT indicate that the line we have established is of blast cell 
origin. Cytochemical analysis showed positive, punctuate 
staining for acid phosphatase, and morphological studies 
revealed a majority of undifferentiated cells with large 
spherical nuclei and cytoplasm devoid of granules. A few 
(2%) promyelocytes, myelocytes, and metamyelocytes were 


also observed. The majority (90%) of the cells had a karyo- 
type of 46,X Y and expressed no chromosomal abnormalities 
at the light microscopic level. Restriction endonuclease 
digestion followed by Southern blotting showed no evidence 
for cryptic rearrangement of the ber-c-ab/ loci, As shown in 
Table 2 the TMM cells expressed the myelomonocytic- 
specific antigen Leu-M1 as well as receptors for the Fe 
portion of IgG. Both myeloid and monocytoid differentiation 
involve expression of the Fc receptor, and therefore TMM 
cells were induced to differentiate to help determine their 
classification. Phorbol esters, purines and purine analogues, 
and polar planar compounds stimulate myeloid, erythroid, 
and monocytoid differentiation in a variety of leukemia cell 
lines, ™?** and therefore TPA, hypoxanthine, and DMSO 
were tested on TMM cells. Induced differentiation of this 
line by TPA and hypoxanthine resulted in cells morphologi- 
cally resembling somewhat more mature cells of the myeloid 
lineage and stimulated expression of lysozyme and receptors 
for the C3b complement protein. DMSO stimulated the 
expression of lysozyme only. Ultrastructural analysis of 
hypoxanthine-induced cells showed a higher degree of differ- 
entiation compared with unstimulated TMM cells. The 
induced cells were smaller and had indented to segmented 
nuclei and more mature cytoplasm containing many granules 
that stained positive for peroxidase. Such granules, reported 
to contain lysozyme, myeloperoxidase, and many acid hydro- 
lases,*™* are important in the inflammatory, and, in associa- 
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Fig4. Southern blot of genomic DNA restricted with Bg/ll and 
probed for ab/ and ber genes. Sizes of marker DNAs in kilobases 
are shown at left. DNA from lanes A and a, patient's leukapher- 
esed cells; lanes B and b, TMM cultured cells; lanes C and c, normal 
periperal leukocytes. Lanes A, B, and C were probed with ber; 
lanes a, b, and c, with c-abi. 


tion with C3b receptors, the immune response of granulo- 
cytes. The characteristics of induced TMM cells were 
considered to be consistent with these properties. The lack of 
C3bi receptors and e,-antichymotrypsin and the inability of 
the cells to adhere to the growth chamber suggest that these 
compounds do not induce characteristics of the monocyte/ 
macrophage lineage. TPA treatment did not induce a non- 
specific esterase (a-naphthyl acetate esterase), It is unusual 
for phobol esters to induce differentiation toward the granu- 
locytic lineage; however morphologically at least, that seems 
to have occurred in this case. The action of phorbol esters is 
complex; certain concentrations of TPA plus colony-stimu- 
lating factor can stimulate the proliferation of leukemic cells 
in vitro, and TPA can increase the number of myeloid cells 
per colony in tests with cells from patients with chronic 
myelogenous leukemia.” ” The biochemical markers exam- 
ined thus far are consistent with the TPA induction of 
myeloid morphology, but of course the list of markers that 
can be tested is long, and leukemic cells often show irregular 
or inconsistent marker expression™ so that it may be that 
with further testing other markers will behave differently. It 
is also possible that monocytoid differentiation could be 
induced by using other compounds. 

Cell lines cultured from the blast crisis phase of various 
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leukemias have differing properties, and these have been 
used to advantage in many studies. In CML, although 
granulocytic cells usually predominate in the chronic phase, 
blast crisis can result in various lineages predominating in 
various patients, including myeloid, lymphoid, and erythroid 
types.“*' K-562 cells, derived from a patient with CML in 
blast crisis, express erythroid characteristics, whereas 
MEG-01, also established from a patient with CML in blast 
crisis, has megakaryocytic properties.’ Recent evidence 
indicates T-cell“ as well as B-cell involvement in blast crisis, 
the latter reported in the CML cell line NALM-1.* TMM, 
the new line reported here, was obtained from a patient 
whose clinical studies fit the criteria for MDS with CMML. 
TMM cells have characteristics not found in these previously 
established lines. TMM cells therefore may prove useful in 
studying the process of differentiation and proliferation of 
human pluripotent stem cells. 

Within CML, variation in prognosis has been suggested to 
correlate with gene rearrangements associated with the Ph! 
chromosome. Although about 10% of CML patients lack the 
Ph' chromosome, some of these still show an associated 
molecular aberration involving the protooncogenes c-sis and 
c-abl.**® C-sis is usually not expressed in these cells, but a 
c-sis gene product and/or platelet-derived growth factor, 
which share homologous sequences, may play a role in 
myelofibrosis, which often accompanies CML.**' On the 
other hand, c-ab/ has been found to be rearranged to show 
increased expression in all cases of Ph'-positive and in some 
Ph'-negative CML.* An aberrant 8-kb c-ab/ mRNA tran- 
script as well as the corresponding abnormal protein has been 
found in many of these patients*** and in the Ph'-positive 
CML cell line K-562.°° Morris et al have recently 
reported that differences in the location and expression of 
c-abl correlate with the survival heterogeneity found by 
Canellos et al’ and the Rosewell Park Memorial Institute 
study of Ph'-negative CML patients.? The value of in vitro 
models that would enable the expansion of our knowledge in 
this ill-defined category of myeloid leukemia has recently 
been noted.” It appears that patients with the normal c-ab/ 
gene have a much shorter survival time. Nonrandom cyto- 
gentic abnormalities have been reported in MDS. Most 
often these have been specific deletions or translocations. 
including —S, Sq—, —7, +8, 20q—, t(8:21), and +/—21.’ 
Because of this, because the TMM cell line reported here 
came from a patient originally diagnosed as having Ph'- 
negative CML, and because in any case this patient had a 
CMML within an MDS, the cells were tested for a cryptic 
rearrangement of the ber-c-abl complex. At least one report, 
however, has been made of chronic MDS with the Ph! 
chromosome. On the basis of our findings to date, the 
ber-c-abl complex is normal in TMM cells. Again, this new 
cell line may be useful to workers interested in this poorly 
understood area of disease. 
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Thrombin-Induced Changes in Platelet Membrane Glycoproteins 
Ib; IX, and IIb-I [Ia Complex 


By Alan D. Michelson and Marc R. Barnard 


Platelet membrane glycoprotein Ib (GPib) and the GPlib-illa 
complex have central roles in the interaction of platelets 
with the plasma coagulation system, damaged vessel walls, 
and other platelets. We investigated the effects of throm- 
bin on these glycoproteins. Monoclonal antibodies were 
used to assess platelet surface glycoproteins by flow 
cytometry, total platelet glycoprotein content by immu- 
noassay, and glycoproteins released from platelets, also by 
immunoassay. Five new observations were made with 
regard to thrombin-induced changes in platelet membrane 
glycoproteins: (a) The marked decrease in platelet surface 
binding of antibodies directed at GPlb was not confined to 
antibodies directed at the von Willebrand factor binding 


LATELET MEMBRANE GLYCOPROTEIN (GP)ib 
and the GPHb-Hla complex have central roles in the 
interaction of platelets with the plasma coagulation system, 
with damaged blood vessel walls, and with other platelets.’ 
First, the glycocalicin portion of the a chain of GPIb contains 
a binding site(s) for thrombin.’” Second, platelet adhesion to 
damaged blood vessel walls is mediated by the binding of the 
adhesive glycoprotein von Willebrand factor (vWf) to the 
glycocalicin portion of the a chain of platelet membrane 
GPib.'*° Third, platelet aggregation is mediated by the 
activation-dependent binding of several adhesive glycopro- 
teins, including fibrinogen, fibronectin, and vWf, to the 
platelet membrane GPIIb-IIla complex.'** 

Thrombin-induced changes in GPIb and the GPIIb-IIla 
complex may be important in modulating the reactivity of 
platelets with the damaged vessel wall and with other 
platelets. George et al’ recently demonstrated that thrombin 
activation of platelets results in decreased binding of a 
monoclonal antibody directed at the vWf binding site on 
GPIb. A number of investigators have observed a thrombin- 
induced increase in the platelet surface expression of the 
GPIIb-Hla complex.” ”” 

In unactivated platelets, platelet membrane GPIX is 
bound to platelet surface GPIb in a 1:1 ratio (the GPIb-IX 
complex).'*!* However, the function of GPIX is unknown. In 
addition to their platelet surface pools, GPIb and the GPIIb- 
IHa complex are present in intraplatelet pools, ®! >" 

In the present study, a library of monoclonal antibodies 
was used to investigate thrombin-induced changes in GPIb, 
GPIX, and the GPIIb-I]]a complex. Different pools of these 
glycoproteins were assessed by the following techniques: (a) 
platelet surface glycoproteins by flow cytometry, *" (b) 
glycoproteins released from platelets by enzyme-linked 
immunosorbent assay (ELISA),°'* and (c) total platelet 
glycoprotein content by ELISA of Triton X-100 platelet 
lysates. 


MATERIALS AND METHODS 


Antibodies. Table 1 lists the eight murine monoclonal antibod- 
ies used in this study. We used three different antibodies (6D1, 
WM23, and 3G6) directed against the glycocalicin portion of the a 
chain of platelet membrane GPIb. Antibody 6D! is directed at or 
very near the vWf binding site on GPIb,* whereas WM23 and 3G6 
are not directed against the vWf binding site (Berndt et al” and B. 
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site. (b) There was a marked decrease in platelet surface 
binding of an antibody directed at GPIX, with maintenance 
of the 1:1 ratio of platelet surface binding of antibodies 
directed at GPlb and GPIX. {c} Changes in platelet surface 
binding of antibodies were not restricted to a distinct 
subpopulation of platelets. {d} There was no associated 
platelet release of glycocalicin (a proteolytic fragment of 
GPib). (e) There was no associated platelet release of the 
GPlib-Ifla complex. These thrombin-induced changes may 
be important in modulating the reactivity of platelets with 
the damaged vessel wall and with each other. 
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Adelman, personal communication). WM23 has been characterized 
as being directed against the macroglycopeptide portion of glycocah- 
cin rather than the terminal protein portion that contains the vWf 
and 6D1 binding sites (M.C. Berndt, personal communication), 
After complete platelet solubilization with sodium dodecy! sulfate, 
polyacrylamide gel electrophoresis and Western blotting, both 306 
(B. Adelman, personal communication) and WM23 (M.-C, Berndt, 
personal communication) recognize only a single band (GPIb) in 
both reduced and unreduced gels. FMC25 is directed against 
platelet membrane GPIX.'*” Antibody 10ES is directed against the 
platelet membrane GPIIb-I[la complex.” WM18 is also directed 
against the platelet membrane GPHb-Hla complex but at a different 
epitope to |OES because WM18 has little effect on platelet aggrega- 
tion (M.C. Berndt, personal communication}, whereas OES inhibits 
platelet aggregation induced by adenosine diphosphate (ADP), 
epinephrine, and collagen.” As a marker of platelet activation, we 
used KC4, a monoclonal antibody directed against the platelet 
activation—dependent granule~external membrane (PADGEM) 
protein. PADGEM protein is a component of the a granule 
membrane of resting platelets that is expressed on the platelet 
plasma membrane during platelet activation.” PADGEM protein is 
distinct from the surface glycoproteins of resting platelets but 
identical to GMP-140, the antigen recognized by monoclonal anti- 
body S12.” As a control in the flow cytometric assay, we used 
OX6, a monoclonal antibody directed against rat lymphocyte la 
antigen.” 
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Table 1. Monocional Antibodies Used in This Study 
Antibody Antigen Source* 
6D1 Human platelet membrane GPib (vWf Dr Barry Coller 

binding site on glycocalicin) 

WM23 Human platelet membrane GPib Dr Michael Berndt 
(macroglycopeptide portion of giy- 
cocalicin; not the vWf binding site) 

3G6 Human platelet membrane GPib (gly- Dr Burt Adelman 


cocalicin; not the vWf binding site) 

FMC25 Human platelet membrane GPIX 

10E5 Human platelet membrane GPlib-illa 
complex (inhibits platelet aggrega- 
tion induced by ADP, epinephrine, 
collagen) 

Human platelet membrane GPitb-lila 
complex (little effect on platelet ag- 
gregation) 

KC4 Human PADGEM protein 

OX6 Rat lymphocyte fa antigen 


Dr Michael Berndt 
Dr Barry Coller 


WM 18 Dr Michael Berndt 


Dr Bruce Furie 
Dr Bruce Woda 





*For references, see Materials and Methods. 


Thrombin activation of washed platelets. Blood was drawn by 
venipuncture from healthy adult volunteers who had not ingested 
aspirin within the previous ten days. The blood was drawn directly 
into a syringe containing '4 vol of acid-citrate-dextrose (85 mmol IL 
trisodium citrate, 71 mmol/L citric acid, 111 mmol/L dextrose, pH 
4.5) and 50 ng/mL (final concentration) prostaglandin E, (PGE,, 
Sigma Chemical Co, St Louis). After resting for one hour at 22°C, 
the blood was centrifuged at 150 g for 15 minutes at 22°C and the 
platelet-rich plasma removed. The platelets were washed twice by 
centrifugation at 2,000 g for ten minutes at 22°C and resuspension in 
Tyrode's buffer (138 mmol/L NaCl, 29 mmol/L KCI, 12 mmol/L 
NaHCo,, 0.4 mmol/L NaHPO,, 0.1% glucose, 0.35% bovine serum 
albumin, pH 6.5) with 50 ng/mL PGE,. After the second wash, 5 x 
10° platelets/wL were suspended in Tyrode’s buffer, pH 7.3, with 50 
ng/mL PGE, and either 5 mmol/L EDTA or 2 mmol/L CaCl.. 
Purified human «thrombin (generously provided by Dr John Fen- 
ton H, New York Department of Health, Albany) at concentrations 
between 6.4 x 107%, and 1.0 U/10° platelets was added to the 
sample, which was then gently inverted once. In control assays 
performed in parallel, buffer only (no thrombin) was added. The 
samples were incubated undisturbed (to prevent platelet aggrega- 
tion) for ten minutes at 37°C. To stop the reaction, hirudin (Sigma), 
2.0 U/10* platelets, was added to all samples, including those with 
no thrombin. After gentle inversion, the samples were incubated at 
22°C for five minutes. Each sample was then divided into two 
separate aliquots. The first aliquot was fixed at 22°C for 30 minutes 
with an equal volume of 2% formaldehyde in Tyrode’s buffer, pH 
7,3, with either 5 mmol/L EDTA or 2 mmol/L CaCl,. These 
samples were then washed twice in Tris-buffered saline (10 mmol/L 
Tris-HCl, 0.15 mol/L NaCl, pH 7.8) by centrifugation at 2,000 g 
for ten minutes at 22°C, resuspended at 50,000 platelets/uL in 
Tris-buffered saline, and assayed by flow cytometry for platelet 
surface glycoproteins (see the next section). The second aliquot of 
thrombin-activated and control platelets was centrifuged at 2,000 g 
for ten minutes at 22°C. The supernatants were removed for ELISA 
determination of platelet release of glycocalicin (a proteolytic frag- 
ment of GPIb) and the GPIIb-II11a complex (see later). The platelet 
pellets were lysed in Tyrode’s buffer containing 1% Triton X-100 
(Sigma), 50ng/mL PGE,, and either 5 mmol/L EDTA or 2 mmol/L 
CaCl). Before being assayed, the supernatants and lysates were 
stored at -- 80°C for up to seven days. Before assay by ELISA for the 
total platelet content of GPIb and the GPIIb-Illa complex (see 
later), the lysates were thawed and, to remove any cellular debris, 
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centrifuged at 22°C for four minutes at 8,000 g (conditions that 
result in orly a small degree of sedimentation of actin flament- 
associated GPIb**). 

Flow cytometric assessment of platelet surface glycapro- 
teins. Fixed, washed thrombin-activated and control platelets 
(50,000/uL) were prepared as described earlier and incubated for 
20 minutes at 22°C with a saturating concentration of one of five 
monoclonal antibodies (6D1, WM23, 3G6, FMC25, or 10E5) to 
assess platelet surface glycoproteins. In parallel experiments, ali- 
quots of these platelet suspensions were incubated with either 
monoclonal antibody KC4 or monoclonal antibody OX6 to assess 
platelet activation and background binding, respectively. As 
described by George et al’ the platelet surface GPIIb-I]]a complex 
was assessed on platelets activated in a Ca**-containing buffer, 
whereas the platelet surface GPIb-IX complex was assessed on 
platelets activated in an EDTA-containing buffer. Thus, the platelet 
samples thai had been prepared in the presence of 2 mmol/L CaCl, 
(see earlier} were incubated with either 10E5 or OX6, whereas the 
platelet samples that had been prepared in the presence of 5 mmol /L 
EDTA were incubated with either 6DI, WM23, 3G6, FMC25, or 
OX6. Platelzt surface expression of PADGEM protein was assessed 
by antibody KC4 on platelets prepared in the Ca**-containing 
buffer. All platelet samples were then washed twice in Tris-buffered 
saline by centrifugation at 2,000 g for ten minutes at 22°C and 
incubated fcr 20 minutes at 22°C with a saturating concentration of 
fluorescein :sothiocyanate—labeled goat antimouse IgG antibody 
(Cooper Biomedical, Malvern, PA). The platelets were then washed 
twice, resuspended in Tris-buffered saline, and analyzed in a FACS 
440 (Becton Dickinson, Mountain View, CA). For each sample. the 
fluorescence signal from 10,000 individual cells was measured. 
Forward—light scatter profiles indicated that there was neither 
platelet clunaping nor detectable contamination by other cell types in 
any of the samples. Histograms were gated for platelets by their 
characteristic forward and orthogonal light scatter, thereby exclud- 
ing any poss ble contribution from other cells or debris. To compare 
results in linzar form, data obtained from fluorescence channels in a 
logarithmic mode were converted to their linear equivalents (relative 
specific fluorescence) as previously described.” 

ELISA determination of platelet release of glycocalicin and the 
GPIIb-[Ha complex. Supernatants obtained from centrifugation 
of thrombin-activated and control platelets were assessed for their 
glycocalicin content by an ELISA using monoclonal antibody 6D1 
as previously described.*'* In parallel assays, 6D1 was replaced by 
either monoclonal antibody 10E5 or monoclonal antibody WM18. 
As described earlier, the supernatants used for assays with 6D1 were 
EDTA-containing, whereas the supernatants used for assays with 
1OE5 and WM18 were Ca**-containing. 

ELISA determination of total platelet content of GPIb and the 
GPUb-illa complex. Lysates obtained after Triton X-100 solubili- 
zation of thrombin-activated and control platelets were assessed in 
the ELISA for their ability to inhibit monoclonal antibody 6D1 
binding to platelet surface GPlb. This assay measures the total 
number of GPIb receptors for vWf because 6D1 binds with equal 
avidity to GPIb and glycocalicin.” The assay was validated by 
demonstrating a comparable total number of GPIb molecules per 
platelet in experiments in which the monoclonal antibody to GPIb 
was changed from 6D1 to WM23 or 3G6 and in other experiments in 
which, rather than Triton X-100 platelet lysates, the aqueous phase 
of Triton X-.14~-solubilized platelets” was assessed (A.D. Michel- 
son, M.R. Barnard, E. Carroll: unpublished observations). Seria! 
dilutions of the lysates obtained after Triton X-100 solubilization of 
thrombin-activated and control platelets were also assessed in the 
ELISA for their ability to inhibit the binding of either monoclonal 
antibody 10E5 or monoclonal antibody WM18 to the platelet 
surface. As Cescribed earlier, the lysates used for assays with 6D1 
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were EDTA-containing, whereas the lysates used for assays with 
I0E5 and WM18 were Ca**-containing. Control assays in which 
platelets were replaced by buffer only and then treated with 1% 
Triton X-100 resulted in the detection of no GPIb (n = 3) or 
GPIIb-I]]a complex {n = 3), thereby demonstrating that the dilu- 
tions of Triton used did not interfere with the ELISA. 

Platelet counts. Platelet counting was performed on a Coulter 
Model ZBI (Coulter Electronics, Hialeah, FL). 


RESULTS 


A flow cytometric method was used to demonstrate the 
effect of thrombin on platelet surface glycoproteins. As 
shown in Fig 1, thrombin resulted in a marked reduction in 
the platelet surface binding of each of three monoclonal 
antibodies (6D1, WM23, and 3G6) directed against dif- 
ferent epitopes on GPIb (Table 1). In addition, thrombin 
resulted in a similar reduction in the platelet surface binding 
of a monoclonal antibody (FMC25) directed against GPIX 
(Fig 1). In contrast, thrombin resulted in a marked increase 
in the platelet surface binding of a monoclonal antibody 
(10E5) directed against the GPHb-HIa complex (Fig 1). 
Parallel assays using monoclonal antibody KC4 (directed 
against PADGEM protein) demonstrated that the thrombin- 
induced changes in the platelet surface binding of mono- 
clonal antibodies directed against GPIb, GPIX, and the 
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Fig 1. Effect of thrombin on the binding 
of monoclonal antibodies to the platelet sur- 
face as determined by flow cytometry. Plate- 40 
lets were incubated with monoclonal anti- 
bodies directed against either GPib (6D1, 


WM23, and 3G6), GPIX (FMC25), the GPilb- ae 
ila complex {10E5), or PADGEM protein 

{KC4). All samples were then incubated with 0 
fluoresceinated goat antimouse antibody. For 0 


each antigen, the relative specific fluores- 
cence of control platelets was arbitrarily 
assigned 100 units. 
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GPIHb-Įla complex were associated with platelet activation 
(Fig 1). 

As determined by relative specific fluorescence, in unacti- 
vated platelets the ratio of platelet surface binding of 
6D1:FMC25:10E5 (monoclonal antibodies directed at GP Ib, 
GPIX, and the GPHb-Hla complex, respectively} was 
1,0:0.9:2.0 (means of five separate experiments). These 
ratios are comparable to the ratio of platelet surface 
GPIb:GPIX:GPIlb-IIla complex reported by other investi- 
gators using radioligand binding methods.’'*'* In maximally 
activated platelets (thrombin, 1.0 U/10* platelets), the ratio 
of platelet surface binding of 6D1I:FMC25:10E5 was 
1.0:0.9:29.1 (means of five separate experiments). Similarly, 
despite the thrombin-induced changes, there was mainte- 
nance of the approximately 1:1 ratio of the platelet surface 
binding of 6D1:FMC25 at all concentrations of thrombin 
tested (Figs | and 2). 

The flow cytometric method of analyzing platelet surface 
glycoproteins is able to detect distinct subpopulations of 
platelets because each platelet is analyzed individually." 
However, the thrombin-induced changes in binding of mono- 
clonal antibodies to platelet surface GPIb, GPIX, and the 
GPHb-HIa complex were not restricted to a distinct subpop- 
ulation of platelets, irrespective of whether the thrombin 
concentration resulted in partial or complete activation of 
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platelets (Fig 2). This is demonstrated in Fig 2 by the fact 
that, for all antibodies tested, increasing concentrations of 
thrombin resulted in a gradual shift of a single peak (to the 
left for the GPIb-IX complex, to the right for the GPIIb-IIla 
complex). 

For both control and maximally thrombin-activated plate- 
lets, the total platelet GPIb content and glycocalicin released 
from platelets were determined by ELISA using antibody 
6D1. As shown in the upper portion of Table 2, the total 
platelet content of GPIb did not change significantly after 
activation with thrombin, 1.0 U/10% platelets. As shown in 
the lower portion of Table 2, the glycocalicin released from 
platelets was, as expected, very low in the control and did not 
rise appreciably in the thrombin-activated platelets. 

For both control and maximally thrombin-activated plate- 


Table 2. Effect of Thrombin (1.0 U/10° Platelets) on the Total 
Platelet GPib Content and Release of Glycocalicin as 
Determined by ELISA Using Monoclonal Antibody 6D1 


Percentage of Total GPib Content 
of Control Platelets 


Parameter (Mean + SEM, n = 6) 





Total platelet GPib content* 


Control piatelets 100.0 + 18.4 

Thrombin-activated platelets 97.4 + 18.7 
Glycocalicin released from plate- 

letst 

Control platelets 0.3 + 0.05 

Thrombin-activated platelets 0.9 + 0.1 





*Determined from 1% Triton X- 100 lysates of platelets. 
¢Determined from supernatants. 
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Thrombin 


Concentration 
(UAO® platelets) 


Fig 2. Effect of different 
concentrations of thrombin on 
the binding of monoclonal anti- 
bodies to the platelet surface 
as determined by flow cyteme- 
try. The solid lines represent 
platelets activated with the 
indicated concentrations of 
thrombin and then incubated 
with the indicated primary 
monoclonal antibody. The 
dashed lines represent piate- 
lets incubated with an irrele- 
vant primary monoclonal anti- 
body (background). All samples 
were then incubated with a flu- 
oresceinated goat antimouse 
antibody. For each panel, the 
x-axis represents log fluores- 
cence, and the y-axis repre- 
sents cell number, 
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—GPIb-lo Complex 


lets, the tctal platelet content and platelet release of the 
GPIIb-Illa complex were determined by ELISA using anti- 
body 10E5. As shown in Fig 3, the total platelet content of 
the GPHb-IHa complex did not change significantly after 
activation with thrombin, 1.0 U/10° platelets. Likewise, the 
platelet release of the GPHb-Ha complex was very low in 
the control and did not rise significantly in the thrombin- 
activated platelets (Fig 3). In parallel assays using antibody 
WM18, there was similarly no thrombin-induced change in 
the total platelet content of the GPHb-Hla complex and no 
release of the GPIIb-I]]1a complex from platelets (data not 
shown). 


DISCUSSION 


In this study, the effects of thrombin on platelet mem- 
brane GPIb, GPIX, and the GPIHb-IHa complex were inves- 
tigated. Five new observations were made. 

First, the thrombin-induced change in the glycocalicin 
portion of the a chain of platelet surface GPIb was not 
confined to its vWf binding site. In addition to the previously 
reported’ thrombin-induced marked decrease in binding of a 
monocional antibody directed at the vWf binding site on 
GPIb, we cbserved a comparable marked decrease in the 
binding of two other monoclonal antibodies directed at 
different epitopes on the glycocalicin portion of the a chain of 
GPIb. The thrombin-induced decrease in binding of mono- 
clonal antibodies directed at GPIb was not due to occupation 
of the antibody binding site by thrombin bound to its receptor 
on GPIb*? because (a) three monoclonal antibodies (6D1, 
WM23, and 3G6) directed against different epitopes on 
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Fig 3. Effect of thrombin (1.0 U/10° platelets) on the total 
platelet content and release of the GPlib-Ifla complex as deter- 
mined ty ELISA using monoclonal antibody 10E5. The total platelet 
content of the GPHb-illa complex was determined from 1% Triton 
X-100 iysates of control platelets (open circles, C lysate) and 
thrombin-activated platelets (closed circles, T lysate). Platelet 
release: of the GPlib-ila complex was determined from superna- 
tants cf contro! platelets (open triangles, C supernatant) and 
thrombin-activated platelets (closed triangles, T supernatant). 
Results are means + SEM, n = 3. 


GPIb produced similar results and (b) monoclonal antibody 
6D1 does not interfere with the binding of thrombin to 
platelets.’ 

Second, we observed a thrombin-induced marked decrease 
in the binding of a monoclonal antibody directed at GPIX. 
Although the function of GPIX is presently unknown, our 
data suggest the possibility that GPIX has a role in platelet 
activation. It has previously been demonstrated in unacti- 
vated platelets that surface GPIb is bound to GPIX ina El 
ratio (the GPIb-IX complex).'*'* The present data suggest 
that during the thrombin-induced changes in platelet surface 
GPIb and GPIX there is maintenance of this 1:1 ratio. 

Third, the flow cytometric method enabled us to deter- 
mine that the thrombin-induced changes in the binding of 
mononclonal antibodies to GPIb, GPIX, and the GPHb-IHa 
complex were not restricted to a distinct subpopulation of 
platelets. Radioligand binding studies such as those used by 
George et al’ are unable to make this distinction because the 
results are averaged measurements of large numbers of 
platelets. In contrast, because each platelet is analyzed 
individually, flow cytometry is able to detect distinct subpop- 
ulations of platelets, as we have recently demonstrated in 
children with chronic myeloid leukemia.” 

Fourth, despite the thrombin-induced marked decrease in 
binding of monoclonal antibody 6D1 to platelet surface 
GPIb, quantitative ELISA (performed in parallel and using 
the same monoclonal antibody) revealed no significant 
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thrombin-induced release of glycocalicin from the platelet 
and no change in the total platelet content of GPIb. In view 
of our previous finding that proteolytic cleavage of glycocalt- 
cin does not interfere with its measurement by our ELISA," 
the direct measurement of released glycocalicin in the pres- 
ent study demonstrated that the thrombin-induced marked 
decrease in the platelet binding of anti-GPIb monoclonal 
antibodies was not the result of cleavage of platelet surface 
GPIb. The present study together with previous studies by 
other investigators’ suggests that platelet surface GPIb is 
still present on the platelet surface after thrombin activation 
but its accessibility to multiple probes is greatly decreased 
because of either (a) the marked clustering of GPIb mole- 
cules that occurs on the platelet surface after thrombin 
activation”; (b) the marked shape change that occurs in 
platelets during thrombin activation (less likely because of 
the associated increased accessibility of surface GPHb-HIa 
complex); or (c) a major conformational change in the 
GPIb-IX complex (also less likely because such a change 
would not be expected to result in the same decrease in 
binding of four monoclonal antibodies [6D1, WM23, 3G6, 
and FMC25] directed at different epitopes on the GPIb-IX 
complex and three of these antibodies [WM23, 3G6, and 
FMC25] recognize their epitope on Western blots, which 
suggests that they are relatively insensitive to conformational! 
changes in the antigen). 

Fifth, unlike a granule constituents such as platelet factor 
4 and 8-thromboglobulin,” the GPIIb-Ila complex was not 
released from platelets during thrombin activation. Although 
the present investigation did not directly exclude the possibil- 
ity that uncomplexed GPHb and/or GPIHa subunits were 
released from platelets during thrombin activation, the lack 
of change in the total platelet content of the GPHb-IHa 
complex, as determined by two different complex-specific 
monoclonal antibodies, did not support this view. 

In conclusion, given the central roles of GPIb and the 
GPIlb-IIla complex in platelet adhesion and aggregation,’ 
the presently described thrombin-induced changes in these 
glycoproteins are likely to be important in modulating the 
reactivity of platelets with the damaged blood vessel wall and 
with other platelets. 
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Localization of a Factor VIII Binding Domain on a 34 Kilodalton Fragment 
of the N-Terminal Portion of von Willebrand Factor 


By Yukihiro Takahashi, Michel Kalafatis, Jean-Pierre Girma, Karin Sewerin, Lars-Olov Andersson, and Dominique Meyer 


Factor Vill (F.Viil) was tested for its ability to bind in solid 
phase system to von Willebrand Factor (vWF) or fragments 
obtained with Staphylococus aureus V-8 protease, ie, Spill 
(N-terminal), Sp! (central), and Spl (C-terminal). Bound 
F.Vill was estimated in situ by clotting and chromogenic 
assays. F.VII bound in a dose-dependent manner to immo- 
bilized vWF and Spill but not to Spil or Spi. Binding was 
inhibited by 0.25 mol/L CaCl, as well as by an excess of 
vWF or Spill. Accordingly, immobilized F.VIH specifically 
bound "l-vWF and Spill but not Spil or Spl. Twelve 


UMAN von Willebrand Factor (vWF) mediates adhe- 
sion of platelets to the subendothelium of the vessel 
wall and serves as Factor VHI (F.VHI) carrier, stabilizing its 
activity.’ Results of proteolytic degration of VWF*"’ have 
shown that the basic 270 kilodalton (kd)-subunit of vWF 
contains distinct functional domains. Staphylococus aureus 
V-8 protease (V-8 protease) hydrolyses vW F-subunit at Glu 
1,365 producing two fragments, Spill, a dimer of the C- 
terminal portion (residues 1,366 to 2,050) containing a 
binding domain for GPHb/IHHa* and Splll, a dimer of the 
N-terminal portion of vWF (residues 1 to 1,365). Spil 
contains binding domains for GPIb** and for heparin,” both 
being localized between residues 449 and 728 °°; and two 
distinct domains interacting with collagen (residues 542 to 
622 and 948 to 998).*" The latter is in the central part of 
vWF-subunit fragment Spl, (residues 911 to 1,365) obtained 
by secondary digestion of Spl with V-8 protease.'''’ The 
localization of the domain of vWF that binds to F.VIH is 
unknown. Using fragments of vWF obtained with V-8 pro- 
tease we demonstrate here that a F.VIII binding domain is 
located on a 34 kd species of the N-terminal part of SpHI, 
between amino acid residues | and 910 of VWF-subunit. 


MATERIALS AND METHODS 


Puriacation of human vWF and fragmentation. Human vWF 
was purified according to Thorell and Blomback.'* It was digested 
with V-8 protease (Miles Laboratories, Inc, Naperville, IL) and 
proteolytic fragments Spl, SpH and Spill were purified as 
reported.*’ Purified vWF or SplIl were digested for 24 hours in 25 
mmol/L Tris-HCl, pH 8, 0.15 mol/L NaCl with Trypsin-TPCK"™ 
(Worthington, Freehold, NJ) at 22°C, or with plasmin’? at 37°C. 
Plasmia was produced by incubating human Glu-plasminogen (gift 
of Dr E. Anglés-Cano, INSERM, U. 143, Paris) for one hour at 
37°C with 10 IU/mL of human urokinase (gift of Dr F. Toule- 
monde, Institut Choay, Paris). 

Purification of human F.VII. Human F.VIL was purified from 
cryoprecipitate according to Andersson et al.'° The preparation 
contained ~100 U/mL of F.VIH (~7,000 U/mg) and <0.001 
U/mL of vWFAg. 

Antibodies to vWF or to F.VII Among 28 monoclonal antibod- 
ies (MeAbs) to vWF reacting with Splll, three are already known to 
inhibit the binding of vWF or Spil to GPIb (MoAbs 311, 322, 328) 
and six, also directed to Spl, to block the binding of vWF or SpiH to 
collagen (MoAbs B200 to B205).*""’? Among ten MoAbs to VWF 
directed against SpIl, one (MoAb 9) is known to inhibit the binding 
of vWF or Spil to GPIIb/IIIa.” Two antibodies (Abs) to F.VIH 
were used: MoAb D,H,, with an anti-VITIC titer of 5 Bethesda 
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monoclonal antibodies (MoAbs) directed towards Spill, 
specifically blocking binding of F.VII to vWF or Spit, were 
used for the mapping of plasmic or tryptic fragments of 
vWF or Splil. We thus established that a F.VII binding 
domain of vWF is located on a 34 kilodalton (kd) fragment 
of the N-terminal portion of vWF, between residues 7 and 
910, and that it is distinct from the GPib and collagen 
binding domains. 

® 1987 by Grune & Stratton, Inc. 


U/mg IgG and an oligoclonal IgG purified from the plasma of a 
hemophilia A patient with a high titer (1,500 U/mL) inhibitor. 

Radiolabeling. Proteins were labeled with I as described.’ 
Specific radioactivity of vWF, Spill, SpH, or Spl was 0.9, 2.5, 4.2, 
and 1.3 wCi/ug, respectively. 

Binding of F.VII to vWF or vWF proteolytic fragments. A 
solid phase binding assay was performed in 3 mL-polystyrene tubes, 
using a final volume of 0.5 mL at each step. vWF., SpIH, Spli.or Spl 
(4 ug/mL in 0.05 mol/L sodium carbonate, pH 9.8) were coated for 
three hours at 37°C. Following washing with 25 mmol/L sodium 
barbital-acetate buffer, pH 7.3 (Michaelis buffer) containing 0.3% 
BSA and 0.05% Tween 20 (washing buffer), potential traces of 
F.VHI were eliminated by incubating for 30 minutes at 37°C with 
0.25 mol/L CaCl, in Michaelis buffer and washing. FVII! (O to 2 
U/mL in 3% BSA-Michaelis buffer) was then incubated for one 
hour at 37°C. Unbound F.VII was eliminated by washing and 
bound F.VIH was estimated in situ, Nonspecific binding of FVII 
was estimated using fibrinogen, fibronectin, or albumin-coated 
tubes. In control experiments, selected MoAbs (IgG) were previ- 
ously coated to the tubes at a concentration of 20 ng/mL and vWF or 
fragments were immobilized as already described. In both systems, 
the amount of immobilized vWF or fragments was determined at 
various steps of the assay by either mixing StwWE or fragments 
with the unlabeled protein or by reacting for three hours at 37°C the 
content of the tubes with a specific '*1-MoAb IgG to Spl, SpH, or 
Spl in 3% BSA-Michaelis buffer, followed by washing and 
counting. Inhibition of F.VIH binding was tested by incubating 2 
U/mL of F.VII premixed with increasing amounts (0 to 10 wg/mL) 
of vWF, Spl, Spil, or Spil as competitor. MoAbs (ler) to vWF 
were used at a concentration of 20 ug/ml. 

Assay of F. VU. Bound F.VHI was estimated in situ using a 
one-stage activated partial thromboplastin time by adding to the 
tubes 100 uL of Michaelis buffer, 100 aL of F.VHI deficient plasma 
(Diagnostica Stago, Asnières, France), 100 uL of 5% kaolin and 100 
uL of cephalin. Following three minutes at 37°C, coagulation was 
initiated by 100 uL of 25 mmol/L CaCl,. A chromogenic assay 
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(Coatest factor VHI, KabiVitrum, Stockholm) was performed as 
described by the manufacturer except that 300 uL of Michaelis 
buffer were added before 100 uL of the other reagents. Results were 
compared with those using 0 to 10 uL of normal pool plasma (1 
U/mL of F.VHI) in 100 uL of buffer for the clotting assay and in 
300 uL for the chromogenic assay. 

Binding of vWF or vWF degradation fragments to F.VII. Fol- 
lowing precoating of MoAb D4H1 (IgG) at a final concentration of 
60 ug/mL, washing and incubation of F.VIH (8 U/mL) for two 
hours at 37°C, serial dilutions of '*I-vWF, Spl, Spll, or SpIL in 3% 
BSA- Michaelis buffer were incubated in the tubes for one hour at 
37°C and 18 hours at 4°C. Following washing, the bound material 
was estimated by counting. Nonspecific binding was determined in 
the absence of F.VHI. 

Gel analysis. SDS-polyacrylamide gel electrophoresis was per- 
formed and gels were stained with coomassie blue or transferred to 
nitrocellulose, reacted with selected '**I-antibody IgG and autora- 
diographed as described.” 


RESULTS 


Binding of F.VIII to immobilized vWF or vWF frag- 
ments. The amount of coated vWF or Spl, SplIl, or Spl 
was consistent, dose-dependent, and saturable, reaching a 
maximum of ~500 ng of protein bound per tube out of 2 ug 
applied in 500 uL. Under these conditions, purified F.VIH 
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specifically bound to coated vWF and to SpHI in a dose- 
dependent and saturable manner (Fig 1) with a maximum 
reached at ~0.5 U/tube of F.VHI. Comparison of these 
results with the control curve obtained using serial dilutions 
of normal pool plasma in uncoated tubes (Fig 1, insets) 
showed that a maximum of ~0.01 U of purified F.VIH was 
bound per coated tube. F.VII was unable to bind to immo- 
bilized SpH or Spl as well as to BSA, fibrinogen or fibrenec- 
tin (Fig 1). Control experiments showed that bound F.VII 
could be totally removed by incubating with 0.25 mol/L 
CaCl,. Bound F. VIII was markedly inhibited by MoAb to 
F.VII D4H1 at concentrations =30 g/mL and completely 
neutralized by the oligoclonal Ab to F.VII1 (results not 
shown). Measurement of vWF or fragments using '”I- 
MoAbs 9 or B203 indicated that the amount of ceated 
protein was constant throughout the various steps of the 
assay. Thus the increase of clotting times was not related toa 
loss of coated protein. In addition, specific binding of F. VII] 
to vWF or to SpHI and absence of binding to Spl or to Spl 
was observed when the proteins were immobilized through a 
MoAb to vWF coated to the tube. Specificity of F.VIII 
binding to vWF or to Spill was confirmed in experiments of 
competitive inhibition (Fig 2). Results were similar whether 
the substrate was coated vWF (Fig 2A) or Splll (Fig 2B). 
By contrast SpH or Spl had no significant effect on F. VIH 
binding even at a concentration of 10ug/mL. 

Binding of! I-vWF or vWF fragments to antibody-bound 
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degradation fragments. Bound F.VIfl was estimated in situ using 
either a one-stage clotting method (A) or a chromogenic assay (B) 
as described in Materiais and Methods. Binding of F.Vill was 
estimated using tubes coated with BSA (©), Spi (©). Split (0), Spill 
(@), or vWF (4). Insets show the control dose-response curves 
obtained using various amounts of normal pool plasma (NPP) in 
uncoated tubes. 


COMPETITOR ADDED (ug/ml } 


Fig 2. Competitive inhibition of F.VI binding to vWF- {A} or 
Spill-coated tubes {B} by increasing concentrations of competitor 
vWF (4), Spi (C). Spill (©), or Spill (¢). Bound F.VIH was estimated 
by its clotting activity. [@] indicates the control clotting time when 
using BSA-coated tubes. 
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F.VHI. Using F.VII immobilized onto antibody coated 
tubes, a dose-dependent binding of '*1-SpIHf or '*I-vWF 
was observed, eight and 35 times higher than the control, 
respectively. -Spl or '*I-Spl did not bind to F.VIH under 
the same conditions (not shown). 

Effect of MoAbs to vWF on binding of F.VII to coated 
VWF or Spill. Among 28 MoAbs reacting with SplII, 12 
MoAbs cerived from three fusions (MoAbs 418, 424, 426, 
440, 456, 464, 468, 469, 470, 477, 479, 480) almost com- 
pletely blocked binding of F.VIH to coated vWF or Splll 
(95% to 98% inhibition). They did not bind to Spl but 
recognized a small number of intermediates among those 
produced during the limited digestion of vWF and of Spl 
with trypsin or plasmin (Fig 3). Kinetic studies of the 
digestion: established that the 34 kd fragment consistently 
observed (Pig 3) derived from the larger immunoreactive 
fragments and represented the smallest species immunode- 
tectable (not shown). The other MoAbs to SpHI as well as 
MoAbs to SpH had no inhibitory effect on F. VIII binding to 
VWF or Spill (not shown). 


DISCUSSION 


The location on vWF of the domain specific for F. VII is 
unknown. In this study we estimated in a solid phase system 
the interaction between purified F.VITI] and vWF or its 
fragments produced by V-8 protease (Spl, Spl], and 
SpHI)*? Our data demonstrate that a vWF-domain inter- 
acting with F.VIII is located on the N-terminal part of the 
subunit. Our findings also strongly suggest that there is no 
other F.YIHI binding domain on the rest of the molecule. We 
have thus established that F.VHI binds in a specific and 
dose-dependent manner to immobilized vWF and Spill, a 
dimer of the N-terminal portion of vWF-subunit (residues 1 
to 1,365). Conversely, F.VHI does not bind to Spl, a dimer 
of the C-terminal end of vWF-subunit (residues 1,366 to 
2,050) ner to Spl, the C-terminal part of SpHI (residues 911 
to 1,365). Thus, the binding domain for F.VIII on the 
vWF-subunit is localized in the N-terminal part of SpHI, 
between residues | and 910. Control experiments in which 
accessibility to the bound protein was modified by using 
fragments immobilized on previously coated MoAbs indi- 
cated that the absence of a binding site for F. VII] on Spl and 
SplI was not related to steric hindrance. In addition inhibi- 
tion experiments of F.VIH binding to coated vWF or Splll 
by vWF, Spl, Spil, or SpHI clearly confirmed that solely 
SpiH was able to substitute for vWF and interact with 
F-VHI. Similarly, when F.VIE was immobilized through a 
specific MoAb, significant binding of labeled vWF and Spill 
was observed, contrasting with a total lack of binding of 
Spl. 

Additional evidence for the presence of a F.VHI binding 
domain at the N-terminal part of SpIH was obtained using 
MoAbs to different regions of the vWF-subunit. Thus, the 
absence of noticeable effect on F.VIH binding to vWF or 
Split by MoAbs previously known to block the interaction of 
vWF with GPIb and collagen’ strongly supports that the 
F.VHI binding domain is distinct from those involved in 
platelet adhesion to the subendothelium. In addition the 
complete inhibition of binding induced by a series of MoAbs 
to VWF also reacting with SpHIf but not with Spl confirms 
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diate products of the limited digestion of vWF or Spill with trypsin 
at 22°C for 24 hours using an enzyme-substrate ratio of 1:1000 
(lanes 1, 2) or with plasmin at 37°C for 24 hours using a ratio of 
1:50 (lanes 3, 4), Following electrophoresis in SDS-polyacrylamide 
(3.5% to 20% gradient), transfer onto nitrocellulose paper and 
incubation with the '*l-MoAb, the proteins were displayed by 
autoradiography. Position of the mol wt markers (fibrinogen: 340 
kd; IgG: 160 kd and commercial mol wt markers) is indicated on the 
left. 


the presence of a F.VIII binding domain on a portion 
extending between amino acid residues | and 910. We 
observed that these MoAbs recognize a 34 kd fragment 
produced in the early phase of digestion of vWF and Spill by 
trypsin or plasmin. Recent data from Hamilton et al“ 
demonstrated that a 34 kd fragment containing that N- 
terminal sequence of vWF-subunit was produced by early 
cleavage with these enzymes. We thus assume that the 
F.VIH binding domain of vWF is located on the previously 
identified 34 kd N-terminal fragment. 


NOTE ADDED IN PROOF 


Subsequent to the submission of this manuscript to BLOOD, the 
paper “A Major Factor VIH Binding Domain Resides within the 
Amino-Terminal 272 Amino Acid Residues of von Willebrand 
Factor” by P.A, Foster, C.A. Fulcher, T. Marti, K. Titani, and T.S. 
Zimmerman appeared in the Journal of Biological Chemistry, 
262:8443, 1987. 
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CONCISE REPORT 


Calcium-Dependent Cysteine Protease Activity in the Sera of Patients With 
Thrombotic Thrombocytopenic Purpura 


By Wiliam G. Murphy, Jane C. Moore, and John G. Kelton 


Plasma and serum from patients with thrombotic thrombo- 
cytopenic purpura (TTP) can cause activation and aggrega- 
tion of normal human platelets in vitro. it is possible that 
this platelet-activating factor contributes to the disease. In 
this report we describe studies designed to identify the 
platelet-activating factor in TTP. Platelet activation by sera 
from 15 patients with TTP was inhibited by leupeptin, 
iodoacetamide, and antipain but not by phenyimethylsul- 
phonylfluoride, <~-aminocaproic acid, soybean trypsin inhibi- 
tor, aprotinin, and p-phenylanyl-1-prolyl-1-arginine chloro- 
methyl ketone. These studies suggested that the platelet- 
activating factor in TTP serum was a cysteine protease. 
We confirmed that a calcium-dependent cysteine protease 
(CDP) was present in the sera of each of the 15 patients 
when we used an assay based on the ability of CDP to 
proteolyse platalet membrane glycoprotein 1b (GP1b) and 
hence to abolish the ability of COP-treated normal platelets 
to agglutinate in the presence of ristocetin and von Wilte- 
brand factor. This proteolytic activity was inhibited by 


T HAS BEEN SHOWN that the plasma! and serum’ of 
patients with thrombotic thrombocytopenic purpura 
(TTP) contain a factor that causes activation and aggrega- 
tion of normal human platelets in vitro; it is possible that this 
factor causes the platelet thrombi in the microvasculature 
that are the characteristic pathological lesions of the dis- 
ease.’ In this report we describe further studies that were 
designed to identify the platelet-activating factor in the 
serum of patients with TTP. The studies were in three parts: 
(a) Studies of the effects of enzyme inhibitors on platelet 
14C-serotonin release. TTP and control sera were incubated 
with a panel of protease inhibitors and then added to 
'4C-serotonin-labeled normal platelets. The release of '“C- 
serotonin from the labeled platelets was measured. Because 
cysteine protease inhibitors blocked the platelet activation 
caused by the TTP sera, we postulated that the platelet- 
activating factor of TTP was a calcium-dependent cysteine 
protease (CDP). 

(b) Part 2 dealt with confirmation of the presence of CDP 
activity in the sera of patients with TTP. To confirm that 
CDP was present in the sera of patients with TTP, we tested 
the effect of the sera on platelet membrane glycoprotein [b 
(GPIb): CDP cleaves glycocalicin from GP1b.* The loss of 
GP 1b results in the inability of the platelets to agglutinate in 
the presence of ristocetin and von Willebrand factor (VWF). 
After incubation of formalin-fixed normal platelets with 
TTP sera in the presence and absence of protease inhibitors, 
we studied whether the platelets could agglutinate in the 
presence of ristocetin and normal plasma. Sera from 15 
patients with acute TTP caused normal fixed platelets to lose 
their ability to agglutinate in response to ristocetin. No 
control or remission serum had this activity. 

(ce) Evidence for in vivo activity of CDP in TTP constituted 
part 3 of the study. Based upon the first two series of studies, 
we had evidence that TTP sera contained CDP and that 
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EDTA, leupeptin, antipain, iodoacetamide, and by Ai-ethyi- 
maleamide (NEM) but not by the serine protease inhibitors. 
Activity was detected in 15 of 15 patients with TTP tested 
before therapy was begun. In contrast, no activity was 
detected in the serum of any of five of the TTP patients 
tested in remission or in any of the sera from 36 patients 
with thrombocytopenia and 423 nonthrombocytopenic 
controls. To look for in vivo CDP activity in patients with 
TTP, we studied platelets from two patients with acute 
TTP (drawn into acid-citrate-dextrose, NEM, and teupep- 
tin). These platelets showed a loss of GPib from the 
platelet surface. Both patients were also studied in remis- 
sion: GP1b on the platelet surface had returned to normal. 
These studies provide evidence that CDP is present in the 
sera of patients with TTP, that it is specific to this disease, 
and that it is active in vivo as well as in vitro. We postulate 
that a disorder of CDP homeostasis plays a major role in 
the pathophysiology of TTP. 

è 1987 by Grune & Stratton, inc. 


serum CDP activity was highly sensitive and specific for 
TTP. However, the observation was an in vitro one. Because 
CDP was capable of cleaving platelet GPIb from platelets 
when studied in vitro, we measured this glycoprotein in two 
TTP patients. Platelet GP1b levels were reduced during the 
acute episode of TTP but returned to normal after recovery. 


MATERIALS AND METHODS 


All reagents were obtained from Sigma Chemical Co, St Louis, 
except where stated otherwise. Platelet counts were measured on a 
Coulter S and platelet sizing was performed on a Coulter Chan- 
nelizer (Coulter Electronics, Inc, Hialeah, FL). Fifteen patients with 
acute TTP were studied. All of these patients were tested at the 
initial presentation of their first episode of TTP before any plasma 
therapy had been given. Sera were available from five of these 
patients in remission of disease. Control sera for both the platetet 
release studies and ristocetin-induced agglutination inhibition stud- 
ies were obtained from ten healthy volunteer donors, ten patients 
with idiopathic thrombocytopenic purpura, ten healthy females in 
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the third trimester of pregnancy, four patients with preeclampsia, 
eight patients with disseminated intravascular coagulation, two 
patients with systemic lupus erythematosus and thrombocytopenia, 
ten patients with thrombocytopenia after cardiopulmonary bypass, 
two patients with heparin-induced thrombocytopenia, one patient 
with a hemolytic transfusion reaction (anti-E), two patients with 
extensive tissue damage due to severe trauma, and eight randomly 
selected nonthrombocytopenic hospital controls. In addition, normal 
RBC were suspended in a 2% suspension in autologous normal serum 
and lysed by sonication and the resultant solution tested in the 
release assay and in the ristocetin agglutination assay. For the 
ristocetin-induced agglutination inhibition studies, 392 additional 
randomly selected hospital patients were included as controls. Sera 
were separated into l-mL aliquots and stored at — 70°C. Aliquots 
were thawed at 37°C on the day of testing. 

Preparation of control CDP from platelet lysates. Fifty units of 
platelet concentrates were pooled, washed, and disrupted by nitrogen 
cavitation.* CDP was purified as described. The proteolytic activity 
of the CDP preparation was determined by using a '*C-caseinolytic 
assay.” The purity of the preparation was confirmed by sodium 
dodecyl sulphate~polyacrylamide gel electrophoresis (SDS-PAGE). 

Studies of the effects of enzyme inhibitors on platelet C- 
serotonin release. Normal pooled platelets were loaded with C- 
serotonin (Amersham Corp, Oakville, Ontario)® with an average 
specific activity of 1.67 x 10°‘ wCi/10° platelets (n = 3). The ability 
of test or control serum to cause release of '*C-serotonin from labeled 
platelets was tested in a microtiter assay. The following reagents 
were tested for their ability to inhibit the release caused by test sera: 
phenylmethylsulphonylfluoride (PMSF), | mmol/L; b-phenylanyl- 
1-prolyl-l-arginine chlormethyl ketone (PPAC) Calbiochem-Behr- 
ing Corp, La Jolla, CA), I wmol/L; soybean trypsin inhibitor, 200 
ug/mL, aprotinin, 100 Kallikrein-inhibition unit (KIU)/mL; iodo- 
acetamide (IAA), 0.5 umol/L; leupeptin (Calbiochem-Behring), | 
umol/L antipain, 100 umol/L; «-aminocaproic acid (EACA), 0.2 
mol/L. All concentrations given are final concentrations. In each 
test the inhibitor and test serum were incubated together for ten 
minutes at 22°C before the addition of the “C-serotonin—labeled 
platelets. To rule out the possibility that the platelet release induced 
by TTP sera was due to platelet lysis, test platelets were labeled with 
'"'In as well as “C-serotinin and tested with serum from ten of the 
TTP patients. The platelets were labeled with '''In by using the 
technique of Hawker et al’ except that they were resuspended in 
phosphate-buffered saline (PBS) buffer and not plasma. The In- 
labeled platelets had a specific activity of 4.3 x 10°* mCi/10° 
platelets. The CDP preparation was tested at 70 and 1.5 caseinolytic 
U/mL for platelet lysis and release. 

Confirmation of the presence of CDP activity in the serum of 
patients with TTP. The rationale of these experiments is that CDP 
can cleave glycocalicin from platelet GP1b, a change that would 
result in the platelets no longer being able to agglutinate in the 
presence of ristocetin and vWF. Formalin-fixed normal platelets 
were suspended in calcium- and albumin-free Tyrode's buffer (ph 
7.45) to a final count of 300 x 10° platelets/L. The platelets were 
incubated with TTP or control sera that had been preincubated with 
buffer or with enzyme inhibitors. Test serum (0.25 mL) was 
preincubated with 75 uL buffer or inhibitor solutions for ten minutes 
at 22°C in the presence of 1 mmol/L CaCl,. The serum was then 
added to 0.5 mL of platelet suspension in the presence of | mmol/L 
CaCl, The enzyme inhibitors tested in this series of experiments 
were the same as before except that EDTA (5 mmol/L) and 
N-ethylmaleamide (NEM) (6 mmol/L) were included. The serum / 
platelet mixture was incubated at 22°C for 60 minutes. The mixture 
was then centrifuged (2,100 g for 20 minutes), the supernatant 
discarded, and the platelets resuspended in calcium- and albumin- 
free Tyrode’s buffer (pH 7.45, 3.00 x 10° platelets/LL). These pre- 
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treated platelets were then tested for their ability to agglutinate in 
the presence of ristocetin and vWF* as follows: 0.1 mL of platelet 
suspension, 0.1 mL normal plasma, 30 wl. ristocetin (H. Lundbeck 
A/S, Copenhagen) (1.5 mg/mL, final concentration) were mixed in 
a Payton aggregometer (Payton Associates, Scarborough, Ontario) 
at 37°C. After ten minutes, if no aggregation had taken place, 0.1 
mL of nonpretreated fixed normal platelets was added to th 
aggregometer cuvette. Purified CDP (70 caseinolytic U/mL and 1. 
caseinolytic U/mL? and plasmin (5 U/mL) (Kabi, Stockholm) were 
also tested in place of test serum in these experiments, 

Evidence for in vivo activity of CDP in TTP. Platelets from a 
patient with acute TTP before plasma therapy (platelet count, 
20 x 10°/L) were separated from blood drawn into acid-citrate- 
dextrose (ACD) with NEM (6 mmol/L) and leupeptin (1 umel/L) 
and resuspended in calcium- and albumin-free Tyrode’s buffer (pH 
7.4) at a concentration of 120 x 10° platelets/L; these platelets were 
tested for their ability to agglutinate in the presence of ristocetin by 
using standard techniques. This assay was repeated when the patient 
entered remission, 

The same platelets were also assayed for glycocalicin content by 
SDS-PAGE (4% stacking gel over a 5% to 15% gradient). A 
quantity of 6.4 x 10* platelets were labeled with °H and solubilized 
in 2% SDS with NEM (6 mmol/L). Control platelets from a healthy 
donor were treated identically. The accuracy of the number of 
platelets solubilized and applied to the gel was confirmed by platelet 
sizing and by light and phase microscopy to rule out red cell 
fragment contamination. 

We also assayed the platelet membrane GP1b content in a second 
patient with TTP by radioammune precipitation using the mono- 
clonal anti-GPlb antibody 6D1 (generously provided by Dr B. 
Colleer, State University of New York at Stony Brook) as 
described.’ Platelets from acute disease (platelet count, 20 x 10° /L) 
and remission after plasmapheresis (platelet count, 257 x 10°/L) 
were collected from blood drawn into inhibitors as before. The 
platelets were frozen in dimethylsulfoxide and autologous plasma 
and tested together on the same day. 
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RESULTS 


Characterization of the platelet-activating factor by the 
effect of enzyme inhibitors on platelet '*C-serotenin 
release. The sera from all 15 patients with TTP had 
platelet-activating activity as measured by the '“C-serotonin 
release assay (Table 1). No platelet-releasing activity was 
detected in any of the control sera except from one of the two 
patients with heparin-induced thrombocytopenia and from 
the patient with anti-E. Sera from five of the TTP patients in 
remission (after plasma therapy had been discontinued) had 
no platelet-activating activity. A preparation of CDP at a 
concentration of 1.5 caseinolytic U/mL’ also caused platelet 
aggregation and release; at a concentration of 70 caseinolytic 
U/mL the enzyme caused platelet lysis. Lysis (measured by 
In release) did not occur at the lower concentration. 
SDS-PAGE analysis of the CDP preparation showed a major 
band at 76 kilodaltons (kD). Bands were also present at 118 
kD and 64 kD, with some larger molecular weight proteins 
also present. The preparation was free of contaminating 
protease activity. The platelet release caused by the sera of 
patients with TTP during active disease and by the CDP 
preparation was consistently inhibited by leupeptin, IAA, 
and antipain but was not inhibited by PPAC, PMSF, apro- 
tinin, soybean trypsin inhibitor, or EACA (Table 1). Three 
of these patients who entered remission later relapsed. Iden- 
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Table 1. Effects of Inhibitors on the Induction of '*C-Serotonin Release From Normal Platelets by Sera From 15 Patients With TTP 


AAPA MAH USAIN ARAMA VLA AL albert fre fr TATRA F/T RAR LRU RAR MAE rh tet Hr entree a a m rar a A AE AA Pith ararnar kiran pap harem Al AP RIGA RR RAEISHAWON RIP RAAT 


WANA tetera Abr refer emer dm rarer arr rar AAA NA A NA A AATA A SMEAR AA A yaa ae 


Soybean 
PBS PMSF PPAC Aprotinin FACA Tryspin inhibitors AA Leupeptin Antipan 
Patients {pH 7.4} (t mmol/l} (7 umol/l) {100 KIUAL) (0.2 pmol/L) {200 na/mi} (0.5 pmol/L) {t umot/i} (100 umol) 
1 99 64 88 61 89 91 7 0 3 
2 100 100 82 91 100 83 { 17 5 
3 100 99 90 66 65 95 2 G 2 
4 100 98 1009 100 100 86 0 5 5 
5 160 86 99 90 97 100 0 Q $% 
6 100 79 81 gO 96 a4 3 4 3 
7 78 65 68 71 60 96 3 3 4 
8 99 89 92 87 88 100 6 Q 3 
9 100 1090 98 100 100 89 2 2 3 
10 100 100 66 100 100 g4 15 Q G 
11 64 100 89 94 83 87 5 5 2 
12 53 72 63 88 61 99 1 1 B 
13 55 93 95 91 100 93 1 O ? 
14 58 74 100 90 100 100 1 2 6 
15 76 95 93 83 100 97 2 2 5 
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Concentrations are given as final concentrations. Inhibitors were incubated with test sera for ten minutes at 227C before the addition of labeled 
platelets. Release for PBS is expressed as a percentage of the total possible release, ie, the amount of isotope taken up by the platelets. Release for the 
inhibitors is expressed as a percentage of the release in PBS. All tests were done in triplicate on two or more occasions, Serum fram ten TTP patients (1, 
2,3,4,8,. 7,8, 10, 11, 13) were incubated with platelets labeled with '‘'In as well as ‘“C-serotonin to determine whether there was any platelet lysis 
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occuring. These sera caused less than 1% release of 
tical plateiet-releasing activity recurred. TTP sera did not 
cause '''In release at the same time as “C-serotonin was 
releasec from test platelets, which indicated that platelet 
lysis was not taking place. The release induced by the sera 
from the patient with heparin-induced thrombocytopenia 
and from the patient with anti-E was inhibited by monomeric 
IgG (2 mg/mL) but was not affected by PMSF and leupep- 
tin. IgG did not inhibit the TTP platelet release, as previously 
reported.’ 

Confirmation of the presence of CDP activity in the serum 
of patients with TTP. Formalin-fixed normal platelets 
preincubated with sera from all 1S TTP patients during 
periods of active disease and preincubated with purified CDP 
lost their ability to agglutinate in the presence of ristocetin 
and normal plasma (Fig 1). None of the control sera or the 
five TTP remission sera prevented the platelets from aggluti- 
nating. Nonpretreated formalin-fixed platelets added to the 
mixture of nonagglutinating pretreated platelets, normal 
plasma, and ristocetin in the aggregometer agglutinated 


Fig 1. Effect of TTP serum and purified CDP 
with and without protease inhibitors on ristocetin- 
induced platelet agglutination. Protease inhibitors 
are {a} buffer, (b) PMSF, (c) PPAC, {d} EACA, (e) 
soybean trypsin inhibitor. {f} aprotinin, {g) IAA, (h) 
leupeptin, {i) NEM, {j} EDTA, and (k) a buffer 
control without added serum. Test sera, with and 
without inhibitors, were incubated with formalin- 
fixed normal platelets at 22°C for 60 minutes. The 
treated platelets were centrifuged and then resus- 
pended in calcium- and albumin-free Tyrode's 
buffer {pH 7.45) at a count of 300 x 10° platelets / 
L; aggiutination of the platelets in the presence of 
ristocetin and normal plasma was recorded in an 0 
aggregemeter. 
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normally, which indicated that the inhibition of agelutina- 
tion was due to an effect on the preincubated platelets. 
Preincubation of TTP sera with EDTA, IAA, NEM, anti- 
pain, and leupeptin resulted in a loss of the inhibition of 
ristocetin-induced platelet agglutination in all 15 patients. 
Preincubation with PMSF, PPAC, aprotinin, EACA, or 
soybean trypsin inhibitor had no effect (Fig 1). Plasmin, 5 
U/mL, also inhibited ristocetin-induced platelet agglutina- 
tion; in contrast to TTP sera and CDP, plasmin was inhibited 
by PMSF, EACA, aprotinin, soybean trypsin inhibitor, 
antipain, and leupeptin but not by [AA or NEM. No change 
was seen in the platelet counts or in the distribution of the 
platelet size of the fixed normal platelets before and after 
exposure to TTP sera or CDP, which indicated that fragmen- 
tation of the platelets was not occurring. 

Evidence for in vivo activity of CDP in TTP. SDS- 
PAGE analysis of the platelets from a patient with TTP is 
shown in Fig 2A. The patient’s platelets show a marked loss 
of GP1b from the membrane. Other membrane proteins have 
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Fig 2. (A) SDS-PAGE of platelet membrane glycoproteins 
from a patient with TTP before treatment. Quantities of 6.4 x 10° 
platelets from the patient (lane a) and from a normal! control (lane 
8) were labeled with °H and solubilized in 2% SDS. Lane c is an 
added control: 3.2 x 10° platelets from the same normal control 
were applied to this lane after labeling and solubilization. There is 
a marked loss of GP1b from the patients platelets (arrow). The 
electrophoretic mobility of this glycoprotein under reduced and 
nonreduced conditions was characteristic of GP1b.’° Other labeled 
membrane proteins have aiso been decreased. An additional 
unidentified protein band is seen in the patient sample at 90 kD. (B) 
Ristocetin-induced agglutination of the patient's platelets. The 
platelets were suspended in calcium- and alburmin-free Tyrode's 
buffer at a concentration of 120 x 10°/L and tested for aggiutina- 
tion in the presence of normal plasma and ristocetin (1.5 mg/mL). 
Control normal platelets and platelets from a patient with Ber- 
nard-Soulier syndrome (lacking GP1b) were collected and tested 
identically. Blood for these analyses was drawn into ACD with 
leupeptin (1 pmol/L) and NEM (6 mmol/L). 


also been lost from the platelets. The patient’s platelets did 
not aggultinate in the presence of ristocetin (Fig 2B). After 
remission, the patient’s platelets agglutinated normally. 

Radioimmune precipitation analysis of platelets from a 
second patient studied during active disease and in remission 
also showed a decrease of detectable GP1b on the platelets 
during active disease and a return to normal levels during 
remission (data not shown). 


DISCUSSION 


TTP is characterized by disseminated platelet thrombi 
within the circulation; it is possible that a platelet-activating 
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factor could participate in the pathogenesis of this disease. 
The studies described in this report suggest that this factor is 
CDP. We have demonstrated the presence of CDP in the sera 
of patients with TTP in several ways. First, we studied the 
effect of enzyme inhibitors on the platelet release reaction 
induced by TTP sera. Cysteine protease inhibitors but not 
serine protease inhibitors consistently inhibited platelet 
release. We then confirmed that CDP activity was present in 
TTP sera by demonstrating that TTP sera possessed the 
ability to proteolyse GP1b and that this proteolytic activity 
was calcium dependent and was sensitive to inhibition by 
cysteine protease inhibitors but not by serine protease inhibi- 
tors. The CDP activity was highly specific to TTP: we 
detected no activity in 459 control sera, including 36 patients 
with thrombocytopenia of various causes and more than 400 
randomly selected hospital patients. Further, no activity was 
present in the sera of five of the TTP patients in remission, 
although it recurred in three patients upon relapse. 

Platelets from two patients with TTP (from blood drawn 
directly into CDP inhibitors) showed a loss of GP1b from the 
platelet membrane during active disease. Platelets (tested in 
one patient) also showed a loss of the ability to agglutinate in 
the presence of ristocetin, comparable to that seen in Ber- 
nard-Soulier platelets. These observations are consistent 
with the enzyme-induced loss of glycocalicin from the plate- 
let membrane and suggest that CDP is active in vivo in 
patients with TTP. 

CDP is a cytosolic enzyme found normally in several 
tissues including platelets.'’ Its exact physiological role is 
uncertain, though it is known to be capable of proteolysis of a 
number of proteins including platelet membrane glycopro- 
teins.* It has been demonstrated previously? and we have 
confirmed that the enzyme has platelet-activating activity. 
The pathway of aggregation is via platelet GPIIb/ Ila.’ This 
is consistent with our previous observations® that platelet 
activation induced by TTP serum is inhibited by a mono- 
clonal ant:body against GPIIb/IIIa but not by anti-GP1b 
monoclonal antibody. It is likely, therefore, that platelet 
aggregation is the major in vivo effect of CDP on the platelet 
in TTP and that the effect on GP1b is a secondary one. 

It is uncertain how our current studies showing CDP 
activity in TTP relate to previous observations. Several 
investigators have implicated vWF as an active or passive 
participant in TTP. Abnermally large multimers of vWF are 
present in the circulation of convalescent patients with 
recurrent TTP.*'*"? Because the large multimers disappear 
during acute episodes of the illness, it has been postulated 
that vWF directly participates in the intravascular platelet 
clumping that characterizes TTP. In addition, we have 
shown that the platelet-aggregating activity of TTP can be 
enhanced in vitro by the addition ef a preparation rich in 
large multimers of vWF? And yet, CDP has been demon- 
strated to cleave vWF, thereby resulting in the loss of the 
largest multimers.'* Therefore, it is possible that the abnor- 
malities of vWF in TTP patients represent an epiphenome- 
non and are a consequence of CDP activity. However, these 
issues must await further investigations for their resolution. 

On the basis of the findings described in these studies, we 
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postulate that platelet aggregation in TTP is generated 
through a disturbance of CDP homeostasis that leads to the 
presence of enzyme activity in the serum. Our studies also 
indicate that inhibition of ristocetin-induced platelet aggluti- 
nation is a sensitive and specific assay for TTP. 
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CONCISE REPORT 


A Novel Globin Structural Mutant, Showa- Yakushiji (,110 Leu-Pro) Causing a 
6-Thalassemia Phenotype 


By Yasushi Kobayashi, Yasuyuki Fukumaki, Norio Komatsu, Yuzo Ohba, Takaoki Miyaji, and Yasusada Miura 


Molecular analysis of the -globin genes from a patient 
with a §8-thalassemia phenotype showed that a single 
nucleotide mutation (CTG-CCG) at codon 110 in one of the 
genes resulted in a leucine to proline substitution. The 
same mutation with a similar phenotype, was observed in 
her mother and sister, by Southern blotting analysis of 
DNAs digested with Mspl, the recognition site of which 
was created by this base substitution. This indicates a 
close relationship between this mutation and the §-thalas- 


HALASSEMIA MUTATIONS are traditionally de- 
fined as those that leave the globin structure 
unchanged, but lead to a quantitative reduction in the 
synthesis of globin. In contrast, hemoglobinopathies are 
defined as abnormal globins with one or more structural 
changes, which are synthesized at a normal rate. This 
classification of globin gene mutations is not always apt as 
there are several mutations that cause not only alterations of 
the globin structure but also a decrease in synthesis. These 
are known as thalassemic hemoglobinopathies and the 
molecular mechanisms are activation of the splice site within 
the exon, loss of a normal termination or instability of the 
globin chains.’ The highly unstable globin mutants causing a 
thalassemic phenotype are of great interest as the posttrans- 
lational defect occurs at the most distal step necessary for the 
functional expression of the globin genes and vital informa- 
tion on the effect of the amino acid substitution on the 
hemoglobin tetramer formation can be obtained. We report 
herein a -globin gene with a novel mutation, 110 leucine- 
proline (Leu-Pro) that causes a §-thalassemia phenotype, 
through a posttranslational mechanism. 


MATERIALS AND METHODS 


Hematologic and hemoglobin procedures. Standard hemato- 
logic measurements were performed. Hemoglobin electrophoresis 
was carried out on a starch gel at pH 8.6’ and polyacrylamide gel 
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semia phenotype. No anomalous peak of radioactivity was 
detected by reverse-phase high-performance liquid chro- 
matography (HPLC) in the patient's reticulocytes incubated 
with isotopically labeled amino acid. The leucine-proline 
{Leu-Pro) substitution probably disrupts the G-helix and in 
turn interferes with globin contact points. The uncombined 
B-globin chain would be rapidly destroyed and the £- 
thalassemia phenotype would follow. 

e 1987 by Grune & Stratton, inc. 


isoelectric focusing.” HbF and HbA, levels were determined as 
described.* Stability of hemoglobin was examined by heat-denatura- 
tion’ and by the isopropanol test.° Glycerol lysis time (G LT value) 
of erythrocytes was determined as described.’ Incubation of blood 
samples with L-[4.5-"H] leucine (40 to 50 Ci/mmol) for two hours 
and each labeled globin chain was separated by CM-cellulose 
chromatography eluted with 8 mol/L urea buffer to determine the 
globin chain synthesis ratio.’ 

DNA analysis. High—molecular-weight DNA was extracted 
from the peripheral leukocytes of the proband, family members, and 
individuals with no hematologic abnormalities, as described.’ The 
-globin genes of the proband were cloned in bacteriophage Charon 
28 as 7.8 kb Hindili fragments. Nucleotide sequence of the 6-globin 
genes was determined by the dideoxy chain termination method. 
Restriction site polymorphisms within the 6-globin gene cluster and 
creation of the new restriction site in the 8-globin gene by one base 
substitutior were determined by Southern blotting procedures, using 
appropriate probes.!! 

Globin chain analysis by reverse-phase HPLC. Globin chains 
were separated from the fresh hemolysate by reverse-phase high 
performance liquid chromatography (HPLC) on a TSK gel ODS. 
120T column in 0.1% trifluoroacetic acid (TFA) with an acetonitrile 
gradient of 42.2% to 48.2% in 60 minutes.'*"* The 8-globin chain 
prepared by a CM-cellulose column was S-alkylated with iodoace- 
tamide and then digested with trypsin. The resultant digests were 
also isolated by reverse-phase HPLC on a uBondapak C18 in 0.05% 
TFA with an acetonitrile gradient of 0% to 48% in 180 minutes." 


RESULTS 


Hematclogic data of patients. The proband is a 34- 
year-old Japanese woman who was admitted to the hospital 
because of anemia. The hematologic findings and other 
laboratory data of the proband, her sister, her mother, and 
her father are presented in Table 1. These data of the 
proband resembled those associated with 6-thalassemia trait 
and were inconsistent with the presence of a significant 
hemolytic process due to an unstable hemoglobin. Similar 
hematologic findings were observed in her mother and sister 
but not in her father, suggesting that the mother and sister 
were heterozygous for the same mutation, 

Structural analysis of the B-globin genes. To define the 
molecular lesion producing a 8-thalassemia phenotype, we 
isolated several 6-globin gene clones of the proband and 
chose two (clone A and clone B) that were distinguished by 
the polymorphism of the Avall site located in position 16 of 
IVS2. We determined the nucleotide sequence that extends 
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Table 1. Hematclogic and Other Laboratory Data of the Proband 


and Her Family Members 





Proband Sister Mother Father 





Hb (g/dL) 7.6 9.8 90 14.4 
RBC (x 10'7/L) 4.29 5.12 450 4.67 
MCV (fL) 56.0 60.0 60.0 90.0 
MCH (pg) 17.8 19.1 200 308 
MCHC (g/dl) 31.3 31.5 33.2 344 
Reticulocyte (%) 2.4 4.1 2.1 0.7 
Birilubin (mg/dL) 0.46 0.72 050 0.55 
LDH (UA) 276 261 285 324 
HbF (9%) 1.3 2.0 2.0 ND 
HbA, (%) 5.2 5.3 5.3 ND 
Heat denaturation test (50°C) (%) f} {—} (—) ND 


isopropanol test {~) {--} {~} ND 


Electrophoresis (starch, isoelectric) No abnormal bands ND 
Gl. To value (s) 109 99 79 ND 
Bia chain synthesis ratio 0.8 0.8 0.7 ND 


munner irimi aiii hn AAAA AEA EA nr het m4 tin hm AMAR aa A emir AAAA TRARY tbr 


Abbreviations: MOV, mean corpuscular volume: MCH, mean corpus- 


cular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; 
GLT, glycerol lysis time: ND, not determined. 


from 372 bases 5‘ of the cap site to 266 bases 3’ of the polyA 
site of both clones. Comparison of the nucleotide sequence 
with that of several human @-globin genes'*'® revealed one 
notable nucleotide substitution (T-C) at the second position 
in codon 110 of clone A (Fig 1). Orkin et af reported that the 
B-globin gene exhibits polymorphism limited almost exclu- 
sively to common sequence types, which they designated as 
8-globin gene frameworks.'’ According to their definition, 
clone A sequence and clone B sequence were framework 3 


Asian and framework 1, respectively. We analyzed the 
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polymorphic restriction sites in the 8-globin gene cluster (the 
Hincll site 5 to the «-globin gene, the HindIII sites in the 
G,-, A,— globin genes, the Hincll site in the ¥@-globin 
gene, the Hincll site 3’ to the ¥@-globin gene, the AeiAl, 
Avall sites in the -globin gene and the BamHI site 3’ to the 
8-globin gene) to determine the haplotype of the chromo- 
some bearing the clone A sequence. We found that the 
haplotype (+ = = — — ~ ~ +) was linked to this muta- 
tion allele. 

Association of the mutation with the B-thalassemia phe- 
notype. The base change at codon 110 converts the DNA 
sequence in the region from CTGG to CCGG, thereby 
creating the MspI recognition site. Hence, digesting clone A 
DNA with both MspI and Hindi] produces a 3.9 kb 
fragment instead of a 4.7 kb fragment (Fig 2). To examine 
the association of this mutation with the @-thalassemia 
phenotype, we digested the genomic DNAs of family mem- 
bers with both MspI and Hindili and performed Southern 
blotting analysis of each digested DNA, using a 3’-specific 
8-globin gene probe (a 1.9 kb BamHI fragment). This Mspl 
assay demonstrated that the proband’s mother and sister but 
not her father were also heterozygous for this mutation (Fig 
2). These results indicate a close relationship between the 
mutation and the thalassemia phenotype. 

Analysis of globin chains using reverse-phase 
HPLC. To investigate features of the mutant globin chain 
predicted from the nucleotide sequence, peripheral blood of 
the proband was incubated with L-*H-leucine for 15 minutes, 
and 120 minutes at 37°C. The labeled globin chains were 
analyzed with reverse-phase HPLC, under conditions that 
separate the unstable 8-globin chain of Hb Santa Ana (488 


GATC 


Fig 1. DNA sequence of the -globin gene (clone A) 
of the proband and the autoradiogram of the gel demon- 
strating the sequence of the antisense strand in the 
vicinity of the codon 110. The T-C substitution at the 
second position of condon 110, that results in the substi- 
tution of proline for leucine. 





| Antisense Sense AA 
J GaC CTG 106 Leu 
| ccG GGC Gly 
J TTG AAC Asn 


GTG Val 
CCG 110 Pro* 
GTC Va | 
TGT 


GTG Val 


J GAC CTG 114 Lev 
Æ Normal 
GAC CTG 110 Leu 
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Fig2. Identification of the mutation at codon 110 by Southern 
blotting. At the top is an autoradiogram of DNA fragments that 
hybridize with a 5’-specific §-globin gene probe after Msp! and 
Hindill digestion of DNAs of the proband (liane 5), her sister (lane 
4), her mother (lane 3), her father (lane 2), and normal controls 
(lanes 1 and 6). The 4.7 kb fragment was seen in normal DNAs and 
the 3.9 kb fragment in patients’ DNAs. The 6.3 kb band is due to 
cross-hybridization with the 5-globin gene sequence. At the bot- 
tom is a map of Mspl and Hindili sites in the region containing the 
ô- and 8-globin genes. The position of the Mspi site created by the 
base substitution at codon 110 is indicated by the arrow with new 
Msp. 


Leu-Pro)'* from the normal counterpart. We also analyzed 
globin chain labeled with L-*H-proline, under the same 
conditions. Chromatographic analysis revealed no anoma- 
lous peak of radioactivity in the reticulocytes incubated for 
15 minutes (data not shown) and 120 minutes (Fig 3). To 
confirm these results, we analyzed tryptic peptides of the 
B-globin chain labeled with L-*H-leucine and L-?H-proline, 
separately, by reverse-phase HPLC, as described.’”? The 
radioactivity was consistent with the tryptic peptides that 
contain leucine at amino acid 110 and there was no abnormal 
hyperactive peak (data not shown). These results rule out the 
possibility that the mutant globin comigrated electrophoreti- 
cally with the normal 6-globin because of the lack of charge 
involved in the Leu-Pro substitution. The possibility that the 
mutant globin chain is extremely labile is given support. 


DISCUSSION 


A single nucleotide change found at codon 110 causes the 
leucine to proline substitution in individuals with a g- 
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Fig 3. Chromatogram of the labeled globin chains. The periph- 


eral blood of the proband was incubated in the presence of 
L-"H-leucine (250 uCi/mL) for two hours at 37°C. The labeled 
globin chains were separated by reverse-phase HPLC on a TSK gel 
ODS-120T column. (—-)} Absorbance: (----) radioactivity. Arrow 
indicates the position of tha abnormal 8-globin chain (888 Leu-Pro) 
of Hb Sant Ana. 


thalassemia phenotype. No abnormal globin chain was 
detected in reticulocytes even after 15 minutes labeling with 
L-*H-leucine, by reverse-phase HPLC under conditions that 
separated the Leu-Pro variant from the normal globin chain. 
Proline (Leu-Pro) substitutions usually exert a profound 
effect on stability of the hemoglobin tetramer, because 
proline residues are unable to form an a-helix and are at the 
inter-helical segments of the chain where the helix has to be 
broken.” The mutation studied here is the thirteenth 
reported example of a Leu-Pro substitution in globin 
chains.” All the known Hb mutants with this amino acid 
substitution in the a- and 8-globin chains produce unstable 
hemoglobin and cause hemolytic anemia,” except for the Hb 
Quong Sze.” The unusual feature of the mutation studied 
here is that the Leu-Pro substitution produces 8-thalassemia 
rather than hemolytic anemia. Four a@1@1 contact points, 
condons 108, 112, 115, and 116, are located in the G-helix of 
the 8-globin chain.” These contact points are essential for 
initial dimeric formation and subsequently for the hemoglo- 
bin tetramer assembly. The substitution of proline for leucine 
at codon 110 probably disrupts the G-helix and in turn 
interferes with these contact points. The uncombined 8- 
globin chain would be rapidly catabolized by proteolysis and 
the 8-thalassemia phenotype would appear. A similar mech- 
anism was described for the Hb Quong Sze (a125 Leu-Pro), 
which produces a-thalassemia rather than hemolytic ane- 
mia.*' However, the proline substitutions at helical position 
G 8 (Hb Southampton-Casper),” G17 (Hb Madrid), and 
G 19 (Hb Saitama)"* produce hemoglobin variants present at 
levels of 20% to 40% ard do not produce the thalassemic 
phenotype. The phenotypic difference between these variants 
and the mutation studied here could be derived from the 
position of the amino acid substitution in the G-helix. In our 
patient, the substitution cf proline for leucine is located at G 
12, almost at the center of the G-helix, so that a profound 
effect on the helical formation would be expected. 

A highly unstable 8-globin mutant codon 112 (Cys-Arg), 
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Hb Indianapolis, is also known to be associated with a 
B-thalassemia phenotype.* Heterozygotes for Hb Indianapo- 
lis have 8/a-globin synthesis ratios of ~0.4. In contrast the 
globin chain synthesis ratios were higher than 0.7 in the cases 
we studied. These observations are not fully explained by the 
results of HPLC analysis. A condition that represses the 
a-globin chain production, such as in a-thalassemia, might 
be associated, although Southern blot analysis showed no 
abnormalities in the a-globin gene cluster of the proband 
(data net shown). 

Duriag the preparation of the manuscript, we learned 
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from Dr Y. Naritomi et al that the same mutation has been 
found in an unrelated Japanese individual with a 68-thalasse- 
mia phenotype. Therefore, we named this mutant, Showa- 
Yakushiji after names of the towns inhabited by each 
proband. 
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Mixed Blood Chimerism in T Cell-Depleted Bone Marrow Transplant Recipients: 
Evaluation Using DNA Polymorphisms 


By S. Bretagne, M. Vidaud, M. Kuentz, C. Cordonnier, T. Henni, G. Vinci, M. Goossens, and J.P. Vernant 


We have used DNA sequence polymorphism analysis to 
document engraftment after T cell-depleted bone marrow 
transplantation (BMT), with a selected panel of four DNA 
probes. In contrast to nondepleted BMT recipients, the 
patients who received T cell-depleted marrow exhibited a 
mixed blood chimerism. This mosaicism was observed 
before graft failure or relapse in six patients. However, in 


HE ABILITY to establish the origin of cells following 
bone marrow transplantation (BMT) and to detect 
change in a patient’s hematopoietic and lymphoid cell com- 
partments from host to donor origin is clinically useful in 
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study, recipients > 30 years were selected for in vitro T cell depletion: 
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a nondepleted transplant before the beginning of this study were 
examined retrospectively and are included in the control group. 

All 22 patients received an allogeneic BMT from a HLA-identical] 
mixed lymphocyte culture negative sibling as therapy for hematolog- 
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five other patients, this mixed chimerism was not followed 
by these complications with a follow-up of 9 to 31 menths 
after transplantation. Our results support the hypothesis 
that transplanted bone marrow T cells may help to main- 
tain engraftment by eliminating host cells that can cause 
graft failure. 

© 1987 by Grune & Stretton, Inc. 


total body irradiation (TBI) (10 Gy single dose with mean dose rate 
3 cGy/mn and lung shilding above 8 Gy). Six patients (no. 2, 5, 6, 
10, 11, and 21) received a more ablative preparation (additive drugs 
or total lymphoid irradiation) (Table 1}. All were given methotrex- 
ate (15 mg/m* on day 1, 1€ mg/m’ on days 3, 6, and 11, and weekly 
up to day 100) as GVHD prophylaxis. Twelve patients (no. 1 to 12) 
received T cell-depleted EMT either with monoclonal antibodies 
CD2-CD5-CD? plus rabbit complement (patients no. 1, 2, 6, and 7) 
or with TIC immunotoxin (patients no. 3, 4, 5, 8,9, 10, Fl, and 12). 
These two techniques are equally efficient (mean depletion 99% and 
mean injected T cells 0.12 x 10°/kg).* All patients were advised of 
chemotherapeutic and bone marrow procedures and their attendant 
risks, and gave informed consent. 


DNA Analysis 


In all the patients stucied, engraftment was established and 
monitored with the use of DNA sequence polymorphism analysis as 
previously described’ or with a Y chromosome-specific probe when 
donor and recipient sex were different. The genotype of the post- 
transplant cell fractions was compared with the pretransplant host 
and donor genotype. 

Preparation of genomic DNA samples. Peripheral blood speci- 
mens from donors and patients before and after BMT were collected 
in EDTA. High molecular weight DNA was prepared by standard 
techniques. Ten micrograms of DNA were digested to completion 
with the res:riction enzyme Taq! and 5 pg with Haelll in the case of 
sex mismatch. DNA fragments were then fractionated by electro- 
phoresis in 1% agarose gels and transferred to nitrocellulose filters 
by the Southern’s technique. 

Hybridization with DNA probes. A panel of four probes com- 
prising two X chromosome-specific probes (St14 and 11.28), a Y 
chromosome-specific sequence (HS5), and an autosomal probe 
(MetH) were used. The St14 probe for locus DXS52 (Xq28) is a 3.0 
kg EcoRI fragment that detects a multiallelic Tagi polymorphism.’ 
Probe L1.2& detects a two alleles Tag] polymorphism at the locus 
DXS7 on the short arm of chromosome X.’ The HSS probe is a 
cloned DNA fragment that represents a major component of the 
human Y chromosome-specific repeated DNA family (DY21). 
Male DNA digested by Hae IH contains 800 to 5,000 copies of a 3.4 
kb DNA fragment,’ a fragment that we never observed, in our 
experimental conditions, in DNA of female origin. The MetH probe 
detects a two allele Taq! polymorphism at a locus localized on the 
long arm of chromosome 7 (7q22-31)."" The probes were labeled 
with ’P deoxynucleotide triphosphates (Amersham International 
ple, Buckinghamshire, UK). Nitrocellulose filters were hybridized, 
washed, examined by autoradiography and the films were scanned 
with a spectrophotometer (Cellosystem, SEBIA, Issy-les-Mouli- 
neaux, France). 

Fractionation of posttransplantation cells. 1n five patients (no. 
3,4, 8, 11, amd 13) blood cells were fractionated into granulocytes, T 
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Tabie 1. Patients Examined Post-BMT by DNA Analysis 
Patient Status Donor Preparation T Coil GVHD Date of Study DNA 
No. Age/Sex Diagnosis at BMT Age/Sex CTXK/TBI Depletion Acute/Chronic Post-BMT Probes Chimerism Follow-up 
1 40/F ALL. tst R 39/F + + 0/0 17 mo S M TIEN 
2 44/F CML tst CP 46/M + TLI + 0/0 7, 10, 12, 14 mo S M o TF row 
3 40/M ALL ist B 36/F + + 0/0 9, 12 mo H M 16 mo 
4 34/M CML tst CP 54/F + + {0 1,3. 8 mo H M 12 mö 
5 34/M CML tst CP 32/F + CONU/AraC + 2/6 1,3 mo HS M +$ gyi 
& 40/F AML 2nd R 26/M + VP16/CCNU + 0/0 &mo $ M Relapse at & mo 
7 36/F ALL tsr f 29/M + + 0/0 4mo S M Relanse at $ as 
8 31/F AML 2nd R 38/M + + 0/0 2, 3, 5 mo S M Relapse at 4 nma 
9 35/M CML tet CP 32/F + + 0/0 3,4 mo HS M Gratt failure at 4 ery 
10 35/F Prelaukemic state 33/M + CONU/Aral + 0/0 60, 75, 103, d SH M Graft folus at 2 me 
41 39/F Prejeukermic state 37/M + Til + 0/0 3, 4, 8 mo SH Mi Graft fakae at 3 mo 
12 18/M CML ist CP 15/M + + 0/0 1.2mo SLM NE 8 mo 
13 15/M ALL taR 17/F + ~ 0/0 60, 72 mo H M co PZ mo 
14 13/M AML tst R 14/F + = 1/0 30 mo H T i» SE rn 
15 27/M CML Ist CP 33/F + — 4/2 32 mo H T 36 ra 
16 20/M AML ist F 19/F + — 1/0 3, 15 mo H T >15 mi 
7 17/M ALL 2nd 8 20/M + ~ 1/0 76 d L T >98 mo 
18 37/M ALL {st R 38/M + ~ 3/0 63 d L T Deceased on 7O d 
19 19/F AMI. ist ® 19/M + =~ 2/0 30 d S T wË ere 
20 50/F Praleukemic state 37 /F + - 1/0 56 d S T Relapse at & mo 
21 4t/F AML 1st A 39/M CTX/Misulban = 270 49d $ T >? mo 
22 31/M AML 2nd R 38/M + ~ 2/0 1,.2mo SLM NE >Ë me 


1a area yurypammairamistenirve ni ié 








en pay en anne eet aet 

Abbreviations: ALL, acute lymphobiastic leukemia; AML, acute myeloblastic leukemia; CML, chronic myeloid leukemia; R, remission: CP, chronic phase: CTX, Cyclophosphamide (60 mg/kg. days —& 
and — 4); Asa.C, cytosine arabinoside (200 mg/m’, days ~5, —4, —3, and ~ 2}: CCNU, lomustine (150 mg/m", day — 5}; VP 16, etoposide (200 mg/m”, days ~6, —4, and — 3), TBE total body 
irrachation | tO Gy single dose, day — 1); TLL total lymphoid irradiation (6 Gy in four fractions, days — 10, ~9, ~8, and — 7): M, mixed: T, total; NE, not evaluable; 5, $t14 (OXSH2), L, L 1.28 [DKF H 
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and B lymphocytes by Ficoll centrifugation, E-rosetting, and plastic 
adherence. 


RESULTS 


We first estimated the sensitivity of the assay by dilution 
experiments in which patient and donor DNAs were mixed in 
varying proportions. The minor cell population is still visible 
at levels in the order of 1% to 5% of total DNA with the use of 
the probes St14, L1.28, and MetH. This level of sensitivity is 
equivalent to that described by others using similar tech- 
niques.°’ In contrast, the use of probe HS5, in our experi- 
mental conditions, allows detection of 1 to 10 ng of male 
DNA. We evaluated that the level of sensitivity attained is as 
high as 0.1%, ie, a hybridization fragment was detectable in 
at least 0.1% of the cells from which DNA was extracted. 
Thus, this probe is very useful in the detection of residual 
male cells (residual cells of a male recipient transplanted 
from a female donor or cells of a male BMT in a female 
recipient). 

The chimerism was analyzed with the HSS probe in eight 
male recipients of female donor (patients no. 3, 4, 5, 9, 13, 
14, 15, and 16), with St14 in ten female recipients of either 
male (patients no. | and 20) or female donor (patients no. 2, 
6, 7, 8, 10, 11, 19, and 21) and with L1.28 in two male 
recipients of male donor (patients no. 17 and 18). In the two 
remaining male/male pairs (patients no. 12 and 22) these 
probes and MetH failed to distinguish between recipient and 
donor DNA. 

In four recipients, the use of both St14 and HS5 probes 
was necessary to quantify the chimerism. In patient no. 9, 
male host cells exceeded 10% of total cells as demonstrated 
by the intensity of the hybridization signal with the Y- 
specific sequence, and probe Sti4 was used to evaluate the 
proportion of female donor DNA. In patients no. 10 and 11, 
probe St14 did not detect any DNA of male origin but the 


use of probe HSS showed that engraftment of male cells 
persisted although clinical diagnosis of graft rejection had 
been made (up to 5 months after clinical diagnosis of graft 
rejection for patient no. 11). In patient no. 5, probe St14, in 
contrast to probe HS5, failed to detect residual male host 
cells at day 30 but could detect a male-specific allele at day 
90 (Fig 1). It thus appears that the precocity with which the 
diagnosis of partial chimerism can be made depends on the 
sensitivity of the test used and on the growth rate of the 
residual cell population. Of the nine nondepleted BMT 
recipients studied (patients no. 13 to 21), eight exhibited 
total blood chimerism (from 2 months to 3 years post-BMT)} 
and one (patient no. 13) (ALL) displayed a partial chimer- 


R D d46 d94 





Fig 1. Expansion of residual host cells after transplantation 
(patient no. 5). DNA samples were obtained from the fernale donor 
(D) and from the male recipient prior to BMT (R) and after 
transplantation on day 46 {d46) and on day 94 (d94}. Following 
digestion with Taqi and hybridization with the probe St14 
(DX$52) the recipient-specific allele (a) absent on day 46, was 
detected on day 94 post BMT (b, and b,: donor specific alleles; c: 
constant fragments). 
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CONCISE REPORT 


The Effect of Recombinant GM-CSF on the Recovery of Monkeys Transplanted 
With Autologous Bone Marrow 


By R.L. Monroy, R.R. Skelly, T.J. MacVittie, T.A. Davis, J.J. Sauber, S.C. Clark, and R.E. Donahue 


The regulatory function of recombinant human granulo- 
cyte-macrophage colony stimulating factor (rhGM-CSF) on 
granulocyte production in vivo was evaluated in an autolo- 
gous bone marrow transplantation model using rhesus 
monkeys. Monkeys were exposed to 9.0 Gy total body 
irradiation and then transplanted with 5.0 x 10’ low- 
density bone marrow cells/kg. Alzet miniosmotic pumps 
were subcutaneously implanted to deliver rhGM-CSF at a 
rate of 50,400 U/kg/d. Minipumps, containing either 
rhGM-CSF or saline, were implanted between zero and five 
days after transplantation for seven days. Kinetic recover- 
ies of peripheral blood cells after either saline or rhGM-CSF 
treatment were compared. Treatment with rhGM-CSF 
accelerated the recovery of neutrophils. Neutrophils in 
rhGM-CSF-treated animals recovered to 80% (3.4 x 10°/ 


VARIETY of glycoproteins with hormone-like stimula- 

tory effects on hematopoietic progenitor cells have 
been purified and characterized. In recent articles, the 
molecular and biochemical properties of a specific murine 
and human glycoprotein, granulocyte-macrophage colony 
stimulating factor, were comprehensively reviewed.'? 
Recombinant human granulocyte macrophage-colony stimu- 
lating factor (rhGM-CSF) has been shown to stimulate the 
proliferation of granulocyte-macrophage colonies in vitro 
from the bone marrow (BM) of humans** and primates.’ 
Recombinant human GM-CSF was also shown to stimulate 
eosinophil and multipotent progenitor cells* and have burst- 
promoting activity." Mice’ and nonhuman primates™®" 
have been used to evaluate the in vivo effects of recombinant 
GM-CSF. In a recent report,'? the continuous intravenous 
administration of rhGM-CSF, both before and after autolo- 
gous bone marrow transplantation, led to an accelerated 
neutrophil and platelet recovery. 
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mm’) pre-irradiation control levels by day 20, in compari- 
son with only 33% (0.9 x 10°/mm*) recovery for saline 
control monkeys. In addition, the recovery of neutrophils 
was enhanced over that of the controls, reaching 140% v 
70% on day 30. Another prominent feature of rhGM- 
CSF-treated monkeys was the accelerated recovery of 
platelets, reaching near 50% normal levels by day 24 in 
comparison with 20% of normal levels for controls. The 
infusion of rhGM-CSF was shown to be an effective regula- 
tor of early hematopoietic regeneration, leading to the 
accelerated recovery of both neutrophils and platelets and 
then providing a consistent sustained increase of neutro- 
phils even in the absence of rhGM-CSF. 

e 1987 by Grune & Stratton, inc. 


In this report, the regulatory function of rhGM-CSF in 
hematopoietic regeneration is elucidated using an autologous 
bone marrow transplantation model with nonhuman pri- 
mates. The protocol was designed to evaluate the regulatory 
effects of rhGM-CSF during early hematopoietic regenera- 
tion. 


MATERIALS AND METHODS 


Animals. Domestic-born male rhesus monkeys, Macaca mulat- 
ta, mean weight 7.6 (+0.5) kg, were housed in individual stainless 
steel cages in conventional holding rooms in an AALAC (American 
Association for Accreditation of Laboratory Animal Care) accred- 
ited animal facility. Monkeys were previded ten air changes/h of 
100% fresh air, conditioned to 72°F (+2°F) with a relative humidity 
of 50% (+20%); provided commercial primate chow and tap water 
ad libitum, and maintained on a 12-hour light/dark full spectrum 
light cycle with no twilight. All research was conducted according to 
the principles enunciated in the “Guide for the Care and Use of 
Laboratory Animals,” prepared by the Institute of Laboratory 
Animal Resources, National Research Council. 

Transplantation. Anesthetized monkeys had bone marrow har- 
vested one to two hours prior to irradiation by multiple iliac crest 
aspirations as previously described. Low-density celis, used for 
transplantation, were isolated from harvested marrow by isopycnic 
centrifugation (400 x g, 30 min) using Lymphocyte Separation 
Medium (specific gravity 1.077, Litton Bionetics, Gaithersburg, 
MD). Bone marrow cells (5.0 x 10’/kg) were administered intrave- 
nously one to two hours after exposure. During exposure, monkeys 
were restrained in a plexiglass chair and exposed bilaterally, receiv- 
ing a midline tissue dose of 9.0 Gy (0.4 Gy/min) “Co gamma rays. 
Technical manipulations of the animals were performed with the 
monkeys under sedation {ketamine hydrochloride, 10 mg/kg, intra- 
muscularly (IM)). After transplantation. the animals were clinically 
managed, as previously described,’ with the administration of 
antibiotics (gentamycin sulfate, 3 mg/kg/d, IM) and platelets. 
Platelets, irradiated with 30 Gy, were administered when the count 
was below 50,000/mm’*. Red cells were not administered. Monkeys 
did not experience any infections during the study period. 

Pump implantation. All monkeys were initially acclimated to 
rhesus monkey jackets (Alice King Chatham, Los Angeles) for a 
period of 2 weeks prior to the implantation of the pump. The jackets 
were worn continuously for an additional 2 weeks after the pump was 
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implanted. Alzet miniosmotic pumps (2ML1, ALZA Corp, Palo 
Alto, CA). delivering 50,400 U /kg/d of rhGM-CSF over a period of 
seven days, were used in these experiments. Pumps were filled with 
either rhGM-CSF {n = 5) or saline {n = 2), and implanted between 
days 0 anc 5. For surgical implantation of the pumps, monkeys were 
administered a general gas anesthesia: 0.5% to 5% halothane in a 
65% N,O-30% O, mixture. Pumps were implanted subcutaneously, 
along the midline of the back, caudal! to the scapular crests. The skin 
was closed with 4/0 chromic gut placed in a continuous subcuticular 
suture pattern and bandaged. At the end of seven days, the pump 
was removed through the same surgical wound, flushed with a 50:50 
hydrogen peroxide-sterile water solution and Betadine, and then 
packed with Betadine-soaked gauze and the animal lightly ban- 
daged, The packing was changed on a daily basis for the next few 
days and was continually treated until healing was complete. All 
pump implantation sites healed within a week. The pump site was 
cultured for bacteria after pump removal and all bacterial cultures 
were negative. 

Recomainant human GM-CSF. The rhGM-CSF used in these 
experiments was provided by Genetics Institute. A unit of activity 
for rhGM-CSF has been defined as the amount of GM-CSF needed 
to stimulate half of the maximal possible incorporation of *H- 
thymidine by CML peripheral blood myeloblasts.’ The rhGM-CSF 
used in these studies had an activity of either 10° or 10’ U/ml. A 
loading dese of 50,000 U/kg was administered intravenously on the 
day of pump implantation. 


RESULTS 


Recovery of Peripheral Blood Cells After Transplantation 
With or Without rhGM-CSF Infusion 


The continuous subcutaneous administration of rhGM- 
CSF into autologous bone marrow transplanted monkeys 
(n = 5) led to an accelerated recovery of the peripheral blood 
(PB) neutrophils in comparison to control saline infused 
animals {n = 2) (Fig 1). Neutrophil levels recovered to 80% 
normal preirradiation values by day 20 in monkeys infused 
with rhGM-CSF, in comparison to 33% for control animals. 
The neutrophil recovery was also enhanced in contrast to the 
controls, reaching levels greater than 140% v 70% on day 31. 
The enhanced neutrophil production continued in the 
absence of rhGM-CSF. A consistent and sustained increase 
in neutrophil counts was observed in all treated monkeys. 
Treatment with rhGM-CSF led to a shortened time of 
neutropenia with a neutrophil count of >1,000/mm/ on day 
17 vday 20 for saline controls. 

Platelet recovery in rhGM-CSF-infused monkeys was 
accelerated over that of controls, reaching 62% (220,000/ 
mm’) normal levels by day 28 v 20% (72,000/mm?’) for 
control monkeys on the same day. The early recovery 
reduced the period of thrombocytopenia and requirement for 
clinical platelet transfusions by at least two days. 

Monecyte/macrophage recovery was enhanced but not 
accelerated. Monocyte levels reached 155% in rhGM-CSF- 
infused monkeys by day 20, in contrast to 60% recovery in 
control monkeys. The recovery of PB lymphocytes to normal 
levels was prolonged in rhGM-CSF infused animals. Lym- 
phocyte levels in controls reached nearly 50% by day 40, 
while rhGM-CSF-infused monkeys were only at 12% of 
normal. Increased recovery of PB eosinophils was not 
observed in either the treated or untreated monkeys. Reticu- 
locytes were not measured in this study; however, measured 
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Fig 1. Peripheral blood cellular response, (A) neutrophils, {B} 
monocytes, (C) platelets, (D) lymphocytes, in monkeys after autol- 
ogous bone marrow transplantation and then infused for seven 
days with rhGM-CSF (@) or Saline (©). Graphed as percent of 
mean normal preirradiation levels. A series of peripheral blood 
samples were drawn over a period of 3 to 4 weeks prior to 
initiating an experimental protocol to establish a hematologic 
baseline for each animal. Mean normal values for mature periph- 
eral blood celis were determined from these pre-sampies and 
identified as 100%. The mean (+ SE) normal values of the monkeys 
used in this study are neutrophils, 4.2( + 0.9} x 10°/mm’; platelets, 
358,000 (+ 29,000)/mm?*: lymphocytes, 3.4(/+0.4) x 10°/ mm”, and 
monocytes, 0.4 + 0.1 x 10°/mm’. The period of rhGM-CSF 
infusion is indicated with a bar. 


red blood cell parameters (hematocrit, RBC count, hemoglo- 
bin, and mean corpuscular volume) did not indicate any 
difference between the treated and untreated monkeys. 


Physiological Response of the Monkeys to the Infusion of 
rhGM-CSF 


In comparison with controls (n = 2) and historical data 
(n = 10),'° three of the monkeys infused with rhGM-CSF 
(n = 5) after irradiation and bone marrow (BM) transplan- 
tation experienced a severe weight loss (20% to 40%). The 
severity of the weight loss became apparent between 21 and 
28 days, when saline control monkeys began to gain weight, 
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and the rhGM-CSF-infused monkeys did not. The weight 
loss was not the result of anorexia or diarrhea since food 
intake and stools were comparable in both groups of mon- 
keys. Two of the three monkeys experiencing a severe weight 
loss were euthanized (days 32 and 45) and necropsied. 
Pathology reports identified potential malabsorption asso- 
ciated with lymphangiectasia. The causes underlying this 
condition are currently under investigation. Both of these 
animals showed normal hematopoietic tissue. 


DISCUSSION 


Our objective in this study was to evaluate the regulatory 
properties of rhGM-CSF during early hematopoietic regen- 
eration. The results demonstrate that a seven-day continuous 
subcutaneous treatment with rhGM-CSF during the early 
regenerative phase of hematopoiesis led to an accelerated 
recovery of PB neutrophils. The neutrophil response was also 
shown to be enhanced, attaining peak circulating counts 3 to 
4 weeks after rhGM-CSF treatment. This continued neutro- 
phil response is suggested to be the result of rhGM-CSF 
stimulating the regenerating BM to increase preferentially 
the size of the granulocyte-macrophage progenitor /stem cell 
pool. This increased progenitor/stem cell pool was thus 
responsible for the continued and elevated neutrophil output, 
even after rhGM-CSF was removed. Preliminary results for 
two of the rhGM-CSF-treated monkeys show that colony- 
forming unit granulocyte-macrophage (CFU-GM) activity 
in the BM attained peak activity (~140% of normal) on days 
20 and 31. This was followed by a return to normal over the 
next 3 weeks. Observations using a hematopoietic suppres- 
sion model also show that rhGM-CSF preferentially 
increases the pool of CFU-GM progenitor cells (unpublished 
observations). 

Changes in the level of PB platelets after treatment with 
GM-CSF were not previously reported in either the normal 
murine’ or primate models.’ The recent report by Nienhuis 
and coworkers,'* shows that GM-CSF treatment improves 


MONROY ET AL 


the recovery of platelets after transplantation. In our report, 
platelet recovery to a 50% level was also rapid, and reduced 
the time by two days that monkeys remained below a 
threshold for platelet transfusion. However, all treated mon- 
keys demonstrated a consistent and sustained platelet recov- 
ery after treatment was terminated. In vitro results have 
suggested that megakaryocytes were stimulated by murine 
GM-CSF but that the stimulation required a higher dose of 
the factor than for CFU-GM progenitor cells.'' The delivery 
dose used in these in vivo studies appeared sufficient for 
increased platelets in circulation. Whether rhGM-CSF has a 
direct effect on megakaryocyte progenitor cells or an indirect 
effect by increasing production of thrombopoietin or some 
other mechanism is uncertain. 

The shortened period of neutropenia after bone marrow 
transplantation using GM-CSF was recently reported’? and 
the results were comparable to our findings. In that study, 
GM-CSF was administered until the neutrophil count was at 
least >2,000/mm’. However, circulating neutrophils were 
reduced by >50% upon termination of GM-CSF. This is in 
contrast to our results, which showed a sustained increase in 
neutrophils even after GM-CSF was removed. 

We have therefore demonstrated that rhGM-CSF is an 
effective regulator of early hematopoietic regeneration, pro- 
moting an accelerated recovery of neutrophils and platelets 
even after GM-CSF was removed. The early effect of the 
GM-CSF was also long lasting, providing a sustained recov- 
ery of neutrophils and platelets. The potential clinical appli- 
cations will include stimulation of hematopoietic regenera- 
tion following bone marrow aplasia, irradiation, cytotoxic 
therapy, or bone marrow transplantation. 
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CONCISE REPORT 


Tumor Necrosis Factor (TNF)-alpha but not TNF-beta Induces Secretion of 
Colony Stimulating Factor for Macrophages (CSF-1) by Human Monocytes 


By W. Oster, A. Lindemann, S. Horn, R. Mertelsmann, and F. Herrmann 


Tumor necrosis factor (TNF)-alpha has been identified as a 
major inducer of colony stimulating factor (CSF)-secretion 
by human vascular endothelial cells and fibroblasts. In the 
present study we assessed the capacity of TNFs to induce 
release of CSF-1 from highly purified peripheral blood 
monocyte preparations. Whereas monocytes do not accu- 
mulate CSF-1 messenger (m)RNA constitutively and conse- 
quently do not produce CSF-1 protein, CSF-1 mRNA and 
protein secretion became detectable, when monocytes 
were cultured in the presence of TNF-alpha, that was 
synergistically enhanced by interferon-gamma (IFN-gam- 


OLONY STIMULATING FACTOR (CSF)-1 (also 
referred to as M-CSF) has been genetically cloned and 
expressed’ and biologically characterized.’ CSF-1 specifi- 
cally stimulates proliferation of monocyte/macrophage pre- 
cursors,’ induces selected functions of mature monocytes,’ 
and is involved in the production of various biological media- 
tors including interferon,’ prostaglandin E,° interleukin 1,$ 
CSF for granulocytes (G-CSF),’ and TNF-alpha® by mono- 
cytes/macrophages. Recently, phorbolester-stimulated pe- 
ripheral blood monocytes have been identified as a potent 
source of CSF-1 

TNF-alpha, synthesized by activated monocyte/macro- 
phage cells,” and TNF-beta, originating from stimulated T 
cells,'' reveal a 36% identity and 51% homology in the overall 
amino acid sequence,'? share common receptor binding 
domains,’ and exert similar cytolytic and cytostatic effects 
on various tumor targets in vitro and in vivo.” 

The roles of both TNF species have been described to 
extend to modulation of hematopoiesis, by sharing similar 
inhibitory effects on colony growth of granulocyte-macro- 
phage, erythrocyte, and granulocyte-erythrocyte-mega- 
caryocyte-macrophage precursors (CFU-GM, BFU-E, 
CFU-GEMM).'*"* In addition, TNF-alpha has been shown 
to induce CSF secretion by human lung fibroblasts” and 
vascular endothelial cells’ with molecular and biological 
characteristics of granulocyte-macrophage (GM)-CSF. So 
far there has been no evidence for disparate effects of 
TNF-alpha and TNF-beta on normal hematopoietic cells. 
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ma). However, under identical experimental conditions 
TNF-beta failed to induce monocyte CSF-1 synthesis. Cul- 
tures of monocytes in the presence of TNF-beta before 
addition of TNF-alpha abolished the CSF-1 inducing capac- 
ity of TNF-alpha, suggesting that TNF-beta may act as 
antagonist to TNF-alpha for CSF-1 production. These data 
point out a previously unrecognized function of TNF-alpha 
to modulate CSF-1 release by monocytes and demonstrate 
disparate biological properties of different TNF species in 
hematopoiesis. 

©1987 by Grune & Stratton, Inc. 


In the present study we assessed the capacity of both 
molecules to modulate CSF-1 expression and secretion by 
human monocytes, using Northern blot analysis and murine 
CFU-GM colony assays. Our data revealed that TNF-alpha 
but not TNF-beta transcriptionally regulates production of 
CSF-1 by human monocytes. TNF-alpha induced mRNA 
accumulation for CSF-1 is synergistically enhanced by the 
presence in culture of IFN-gamma and can be antagonized 
by TNF-beta. 


MATERIALS AND METHODS 


Preparation of monocytes and T cells. Peripheral blood derived 
mononuclear cells were isolated from leukapharesis residues of 
consenting healthy volunteer donors by Ficoll-Hypaque gradient 
(density 1.078 g/dL) centrifugation. T cells were recovered with 
AET (2-aminoethylisothiouronium bromide hydrobromide)-treated 
sheep RBCs (SRBCs) (5% vol/vol solution). Monocytes were sepa- 
rated by two sequential adherence steps of the SRBC-rosette nega- 
tive fraction. Individual cell fractions, assessed by morphology 
(Wright Giemsa and alpka-naphthyl acetate esterase [ANAE] 
staining) and immunofluorescence analysis, using monoclonal anti- 
bodies (McAb) to the TIl, Mo2, and BI antigens,” revealed 
preparations of >98% purity. Monocytes or T cells were plated at 10° 
cells/mL in RPMI 1640 supplemented with 5% fetal calf serum 
(FCS), penicillin/streptomycin, L-glutamine and sodium pyruvate 
in plastic petri dishes (35 mm/well; Corning, New York). Recombi- 
nant human (rh) TNF-alpha or TNF-beta (kindly provided by 
Genentech, San Francisco, through R. Flener, Boehringer, Vienna) 
was added to cultures at 50 ng/mL (specific activity 5 x 10’ U/mg 
or 1.2 x 10° U/mg, respectively). In selected experiments cultures 
received IFN-gamma (0.05 ng/mL; specific activity of IFN-gamma 
4 x 10’ U/mg; kindly provided by Genentech). In control cultures 
the addition of TNF-alpha, TNF-beta, and IFN-gamma was omit- 
ted. Cell-free supernatants were collected after 48 to 72 hours of 
culture. To neutralize the effects of carry-over of TNF preparations 
on growth of hematopoietic progenitor cells, TNF-monocyte condi- 
tioned media (TNF-MCM) and TNF-T cell conditioned media 
(TNF-TCM) were pretreated with MoAb to TNF-alpha or TNF- 
beta (kindly provided by Genentech) at concentrations sufficient to 
neutralize threefold more TNF-alpha or TNF-beta than was origi- 
nally added. For RNA analysis cultures were performed for six to 24 
hours or in selected experiments for up te 96 hours. 

Northern blot analysis. Total RNA was prepared using the 
guanidium/cesium chloride method and denatured with glyoxal and 
dimethylsulfoxide as described previously” after quantification by 
spectralphotometry. Aliquots of each RNA were stained in minigels 
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before denaturation with ethidium bromide to visualize 28 S and 18 
§ ribosomal RNA bands, in order to confirm quantification and 
integrity of the RNA samples. Identical amounts of total RNA (10 
ug) were size-fractionated in 1.2% agarose gel electrophoresis, 
transferred to nylon base paper by capillary blot using 10 x SSC and 
baked for two hours at 18°C." Specific c-DNA probe for M-CSF (1 
kb Bgl I-PST I fragment cloned in PUC 18, kindly provided by P. 
Ralph, Cetus Corporation, Emeryville, CA) was radiolabeled as 
reported previously” with a specific activity of 2,5 to 3,5 x 10° cpm 
per ag DNA. Hybridization was performed in 50% formamide, 1% 
SDS, 5 x Denhardt's, 6 x SSPPE at 42°C for 18 hours. Filters, 
washed with 2 x SSC at 27°C, 0.1 x SSC, 1% SDS at 65°C and 
0.1 x SSC at 27°C, were exposed to Kodak XARS5 with Dupont 
Cronex intensifying screens. 

Murine CFU-GM colony assay. CFU-GM were assayed in a 
double layer agar culture system as previously described.” Under- 
layer (0.5 mL) were composed of 0.5% agar (Agar Noble, Difco, 
Detroit, IL) in Iscove’s modified Dulbecco’s minimum essential 
medium (IMDM) supplemented with L-glutamine, penicillin/strep- 
tomycin, 20% FCS and 5 x 10°* mol/L 2-mercaptoethanol. As a 
potential source of CSF, media conditioned by monocytes (MCM) 
cultured for 48 to 72 hours in the presence or absence of TNF-alpha 
(50 ng/mL) and TNF-beta (50 ng/mL), respectively were added to 
the underlayers at 10% vol/vol final concentration. Overlayers (0.5 
mL) were composed of 0.3% agar in the same medium and contained 
5 x 10*/mL murine (BDF, 1 mice) bone marrow cells (obtained 
from femures). CFU-GM were enumerated at day 7 and lineages of 
colonies were assessed by cytochemical in situ staining of whole agar 
cultures.” Naphtol-AS-D-chloroacetate esterase staining (CAE) 
detects granulocytic colonies, ANAE staining macrophage colonies. 


RESULTS AND DISCUSSION 


We have previously shown, that monocytes are a potential 
source of CSF-1 when induced with phorbol esters.’ In the 
present study we investigated effects of TNF-alpha and 
TNF-beta on CSF-1 secretion by monocytes. Whereas 
monocytes do not transcribe CSF-1-gene constitutively (Fig 
1, lane a) CSF-1 mRNA of 4.5 kb length became detectable, 
when monocytes were cultured in the presence of TNF-alpha 
for six hours (Fig 1, lane b) to 24 hours (not shown). In 
contrast, under identical conditions, TNF-beta failed to 
induce CSF-1 mRNA synthesis by monocytes (Fig 1, lane c); 
concentrations of TNF-beta >50 ng/mL (up to 500 ng/mL) 
and prolongation of incubation periods to >24 hours (up to 
96 hours) did not affect CSF-1 processing (not shown). 
Autoradiograms exposed for as long as 14 days continued to 
show no signal for CSF-1 mRNA, when monocytes were 
incubated in the presence of TNF-beta. As in all cultures 
systems like the one used here, it is difficult to prove that the 
CSF-1 activity is actually released by monocytes and not by 
contaminating T cells. To determine if the effect of TNF- 
alpha on induction of CSF-1 release was on monocytes and 
not on possibly contaminating T cells, experiments were 
performed, in which the effects of TNFs on expression and 
secretion of CSF-1 by resting T cells were investigated. 

Under experimental conditions that resulted in CSF-1 
release by monocytes, T cells were unable to express or 
release CSF-1 in response to TNF-alpha (Fig 1, lane e). 
Since TNF-alpha and TNF-beta compete for binding to a 
common receptor domain” we investigated the possibility, 
whether TNF-beta acts as an antagonist to TNF-alpha for 
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Fig 1. Northern blot analysis probing CSF-1 cDNA. Total RNA 
derived from monocytes cultured for six hours in mediam only 
(lane a), in medium containing 50 ng/mL TNF-alpha for six hours 
(lane b), or 50 ng/ml TNF-beta for six hours (lane c). RNA derived 
from T ceils cultured for six hours in medium ony {lane d}. in the 
presence of 50 ng/mL TNF-alpha for six hours {lane el, or 50 
ng/mL TNF-beta for six hours (lane f}. 


CSF-1 production by culturing monocytes sequentially in the 
presence of both factors. Treatment of monocytes with 
TNF-beta for six hours before addition of TNF-alpha abol- 
ished the potential of TNF-alpha to induce CSF-1 mRNA 
accumulation (Fig 2). 

Since IFN-gamma synergizes with TNFs in a variety of 
systems," effects of IFN-gamma on TNF-alpha inducible 
CSF-1 mRNA accumulation was investigated. To this end, 
RNA of monocytes was probed with a CSF-1 c-DNA that 
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Fig 2. Northern biot analy- 
sis probing CSF-1 cDNA. Total 
RNA derived from monocytes 
cultured for six hours in me- 
dium only (lane a), in medium 
containing 50 ng/mL TNF- 
alpha for six hours (lane c), and 
in medium containing 50 ng/ 
mL TNF-beta for six hours 
before addition of 50 ng/mL 
TNF-alpha for a further six 
hours (lane b). a 
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Table 1. CSF-1 Secretion by Human Monocytes 
Murine CFU-GM/5 x 10* Marrow Celis* 
Monocyte (ANAE +) Granulocyte (CAE +) 
Source 1 2 3 1 2 3 
Meee re e ets 
Control 11+ 3+ 12+ 2 10+ 2 13 +2 10 + 2 10+ 2 
MCM 16+ 2 9+2 723 0:0 72 342 
TNF-alpha MCM 116 +3 120 + 2 12324 64 +7 7644 £7 £8 
TNF-beta MCM 18 + 3 11+2 1223 77 +6 70 2+3 30 +4 
TCM 12243 12 2+2 13 #2 2 723 1344 
TNF-alpha TCM 1444 13 +43 12+3 722 9+3 9+2 
TNF-beta TCM 13 2 17 £2 13 2+3 10 +3 1442 1344 


Abbreviation: Exp, experiment. 


*Purified cell populations (monocytes or T celis) were cultured at 1 x 10°/mL for 48 to 72 hours in the presence or absence of TNF-alpha or TNF~beta 
(50 ng/mL). Cell-free media were used as potential stimuli for murine CFU-GM at final concentrations of 10% vol/vol: Monocyte conditioned medium 
(MCM), in the presence of TNF-alpha (TNF-alpha MCM} or TNF-beta (RNF-beta MCM), T-cell conditioned medium (TCM; in the presence of TNF-alpha 


(TNF-alpha TCM) or TNF-beta (TNF-beta TCM). 
tColony numbers are means of triplicate CFU-GM assays (+SD). 
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Fig 3. Northern biot analy- 
sis probing CSF-1 cDNA. Total 
RNA derived from monocytes 
cultured for 12 hours in me- 
dium containing 0.01 ng/mL 
TNF-alpha (lane a), 0.05 ng/mL 

oo IFN-gamma {lane b), or 0.01 
b c ng/mL TNF-alpha plus 0.05 ng/ 
mi. IFN-gamma (lane c}. 
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were cultured for 12 hours in the presence or absence of 
IFN-gamma and TNF-alpha in concentrations that had no 
effect on CSF-1 mRNA synthesis by their own. However, 
when cultures were performed in the presence of both 
factors, CSF-1 mRNA became detectable (Fig 3). To inves- 
tigate whether increased levels of CSF-1 mRNA detected in 
TNF-alpha treated monocytes were accompanied by 
secretion of the biologically active protein, cell-free superna- 
tants of monocytes, cultured in the presence of TNF-alpha 
(SO ng/mL) for 48 to 72 hours, were assayed in murine 
CFU-GM colony assays. Rh CSF-i is known to stimulate 
only very small clusters of monocytes in agar culture of light 
density human marrow cells” but has the ability to induce the 


appearance of larger macrophage colonies on day 7 in a 
murine system. Rh GM-CSF is known to lack proliferative 
effects on adult or fetal murine hematopoietic cells” and rh 
G-CSF stimulates growth of murine granulocytic colonies 
only.“ Thus, stimulation of murine macrophage colony 
growth distinguishes human CSF-1 from G- and GM-CSF 
activity. Murine colonies grown in double layer agar cultures 
were enumerated on day 7. Supernatants collected from 
unstimulated monocytes cultured for 48 to 72 hours con- 
tained neglegible CSF-1 and G-CSF activity. Treatment of 
monocytes with TNF-alpha (50 ng/mL), but not TNF-beta, 
induced release of CSF-1 activity (Table 1). Our results 
point out a previously unrecognized function of TNF-alpha 
in modulating CSF-1 release by monocytes. Since monocytes 
lack CSF-1 mRNA constitutively, the level at which the 
upregulatory effects of TNF-alpha induced CSF-1 produc- 
tion take place is transcription. 

In the context of the recent observation of induction of 
monocyte-TNF-alpha secretion by CSF-1* our present find- 
ing of a reversed induction sequence (ie, induction of CSF-] 
secretion by TNF-alpha) suggests autocrine regulatory func- 
tions of both molecules. TNF-alpha induced CSF-1 release 
may stimulate proliferation of monocyte/macrophage pre- 
cursor cells and augment the functional repertoire of mature 
monocytes in an autostimulatory manner. 

In two of three experiments TNF-alpha MCM and TNF- 
beta MCM supported growth of granulocytic colonies as well 
(Table 1) suggesting the possibility that TNF-alpha not only 
induces secretion by monocytes of CSF-1 but also of G-CSF 
and that the inductive potential of TNF-beta for CSF- 
secretion is restricted to G-CSF. 
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IN ADDITION. PATIENTS TREATED WITH ZIDOVUDINE MAY CONTINUE TO DEVELOP OPPORTUNISTIC INFECTIONS (OTS) AND OTHER COMPLICATIONS OF THE ACQUIRED IMB 
AND AIDS RELATED COMPLEX (ARC) CAUSED BY THE HUMAN IMMUNODEFICIENCY VIRUS (HIV) THEREFORE. PATIENTS ON ZIDOVUDINE SHOULD BE UNDER CLOSE CLIN UBSE 
EXPERIENCED IN THE TREATMENT OF PATIENTS WITH DISEASES ASSOCIATED WITH HIV THE SAFETY AND EFFICACY OF ZIDOVUDINE HAVE BEEN ESTABLISHED ONLY FOR CERTAIN ADUE 
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Nursing Mothers: it is not known whether zidovudine is excreted in human milk. Because many drugs are 
excreted in human nuik and because of the potential for serous adverse reachons from zidovudine in 
nursing infants, mothers should be instructed to discontinue nursing ti they ars receving adovudine 
Pediatric Use: Safety and effectiveness in chidren have not been established 


ADVERSE REACTIONS: The most frequent adverse events and abnormal laboratory values reported in the 
nigceno-controtied chaical tnal of oral zidovudine adremstration mi 281 patents (144 patients adovudine: 
137 patients placebo) were granulocylopenia and anemia. The occurrence of these hematologic toxieities 
was inversely related to CD4 (74) lymphocyte number, hemogionin, and granulocyte count at study entry, 
and directly related to dese and duration af therapy The frequency of granulocytopenia and anemu 
according to tie patients’ CO4 (74) levels is shown in the following table: 
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Abra maly (tre HJ) in = t05) [no 30 (asx 30} 
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Because many patients were anemic and/or granulocyfopenie before startne therapy with zidovudine, 
examining the degree of change when compared to baseline. as shown in the tabe below. may be more 
informative | 
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The anemia aspeared to be the result of impaired erythrocyte maturation as evidences by increasing 
macrocytasis MGV} while on grug. 

The 281 patents treated is thes conrolled tral had serous underlying disease with mulligie baseline 
symptoms and clinical abnormalities The foliowing table summarizes those reported cinical adverse 
events which occurred in at least 5% of all patients treated with zidovudine. Severe headache. nausea, 
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t Percentage (%} of Pabents with Chnical Events 
Fence etenr i 
i i Zidovudine | Placebo Zidovudine | Placebo 
| | ina 44) | (ne 137) | ins 144) | (n= 1373 
i Adverse Event Si Me Adverse Event | ĉa % 
BOOY AS A WHOLE ? MUSCULOSKELETAL | i 
| Asthenia 19 18 Myalgia 8 
Daphoresis i 5 4 NERVOUS 
Fever | 16 12 Dizziness | 6 4 
Headache 42 37 Insomnia 5 t $ 
| Malaise 8 7 Paresthesia 6 | x ~4 
GASTROINTESTINAL | | Somnolence 8 | 9 
| Anorexia 1 8 | RESPIRATORY | | 
| Diarrhea 12 18 Dyspnea i 5 | 3 
i Dyspepsia 5 4 SKIN f | 
Gi Pain | a 19 Resh | 17 
Nausea 46 ce y 
Omet 8 SPECIAL SENSES 





Taste Perversion 





Chaical adverse events which occurred in fess than 5% of all patients treated with zidovudine are listed 
helow. Since many of these adverse events were seen m placebo-treated patients as well as zidovudine 
recipients, they may not be attributable to the drug 
Body as a wple. body odor, chills. edema of the lip, flu syndrome, hyperalgesia, back pain, chest pain, 
lymphadenopathy. 
Cardiovascular: vasodilation. 
Gastrointestinal: constipation, dysphagia. edema of the tongue, eructation, flatulence, bleeding gums. 
rectal hemorrhage. mouth ulcer. 
Musculoskeletal: arthralgia, musce spasm, tremor, bwitch. 
Nervous. arxiety, confusion. depression, emotional lability, nervousness, syncope. loss of mental 
acuity. vertigo. 
Respiratory cough, epistaas, pharyngitis. rhinitis, sinusitis, hoarseness 
Shin: acne, orurtus, urticaria. 
Special senses: amblyopia, hearing loss. photophobia 
Urogenital: dysuria, polyuria. urinary frequency, urinary hesitancy. 
DOSAGE AND ADMINISTRATION: The recommended starting dose of Retrovir imdovudine) is 200 mg (two 
100 mg capsules) administered orally every four hours around the clock. ° 


Hematologic toxicities appear to be related to pretreatment bone marrow reserve and to dose and duration 
of therapy. Careful monitoring of hematologic indices every two weeks is recommended to detect serous 
anemia or grarulocytopenia. in patients with hematologic toxicity, reduction in hemoglobin may occur as 
early as 2 to 4 weeks, and granulocytopenia usually occurs after 6 to 8 weeks. 


Dose Adjustment: Significant anemia (hemoglobin of < 7.5 g/dL or reduction of “25% of baseline) andor 


significant granulacytopena (granulocyte count of <75C/mms or reduction of 250% from baseine) may 
require a dose nterruption until some evidence of marrow recovery is observed. For jess severe anemia of 
granulocytopesia, a reduction in daily dose may be adequate. in patients who develop significant anemia, 
dose modification does not necessarily eliminate the need for transfusion H marrow recovery occurs 
following dose modification, gradual increases in dase may be appropriate depending on hematologic 
indices and patient tolerance. 


Research Triangle Park 
Wellcome | North Carolina 27709 . 


heal Burroughs Wellcome Co. 
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_ Reviews of the first edition of 
3 ATLAS OF BLOOD CELLS 


. it represents the first edition of a book destined to 
become @ classic.” — Ultrastructural Pathology. 


“this two-volume set on the morphology and pathology 
of the major cells of the hematopoietic system is outstand- 
ing.” Archives of Pathology and Laboratory Medicine. 





ATLAS OF BLOOD CELLS: Function and Pathology, 
2nd ed. By D. ZUCKER-FRANKLIN, M.D., New York 
University School of Medicine, New York, New York; 
MF. GREAVES, Ph.D., Chester Beatty Laboratories, 
London, England; C.F. GROSSI, M.D., University of Ala- 
bama, Birmingham, Alabama; and A.M. MARMONT, M.D., 
San Martino Hospital, Genova, Italy. Combining the 
_ advantages of the first edition with significant revisions 
and important additions, the second edition of this land- 
-< Mark atlas is once again presented as a two-volume set, 
featuring new contributors and a foreword again written 
by hematology’s senior statesman, the late Dr. Maxwell 
_ Wintrobe. The text has been substantially revised with 
= new material and a more clinical orientation, expanded 
with a new chapter, “Antigen Presenting Cells,” and 
streamlined by joining two former chapters into one 
chapter. The visual element is likewise improved with the 
addition.of new color illustrations, slides and electronmi- 
crographs, and selective enlargement of existing illus- 
trations. Through these careful changes, a great atlas 
has gotten even better ... and will continue to receive 
the acclaim accorded to the original edition. About 1300 
pp. (82x 127a) in Two Volumes, about 1500 illus. {800 in 
full color), December 1987, In Prep. pre-pub price: 
$1858.00 at-pub. price: $225.00. 


TEXTBOOK OF HEMATOLOGY By SHIRL YN B. McKEN- 

ZIE, MT(ASCP)SH, University of Texas School of Allied 
Health Sciences, San Antonio, Texas. Normal hemato- 
: poiesis is first analyzed, with attention to cell structure, 
_ ell. development and hematopoietic tissue. With this 
_ - introductory material as a foundation, the varied ane- 
ias, neoplastic and non-neoplastic and white blood cell 
sorders are examined from a pathophysiologic stand- 
he subject of hemostasis is approached in the 








5 -color plates), January 1988, in Prep. About $27.50. 





E BLOOD DISORDERS IN PREGNANCY Edited and with 


same anner. About 400 pp. {7'4 x 104), 180 illus. (4 


gitane 









Quality Publishers Since 17% 


contributions by RUSSELL K. LAROS, JR., M.D., Univer | 
sity of California, San Francisco, California, Addresses | 
hematologic problems most commonly associated with | 
pregnancy, The initial chapters cover various anemias oo 
pregnancy with the first chapter outlining a stepwise and | 
logical approach to diagnosis and evaluation of anemia 4 
Subsequent chapters detail the pathophysiology, diag: | 
nosis and treatment of the nutritional anemias, the hemo- 4 
globinopathies, varied hemolytic anemias, and ap lasto | 
anemia. 245 pp. (67% x 10), 16 illus., 1986, $32.80. 


SCHALM’S VETERINARY HEMATOLOGY, 4th ed. By | 
NEMI C. JAIN, Ph.D., University of California, Davis, 
California. The subject is presented primarily tram the 
point of view of its application to clinical velerinary 
medicine. it outlines the basic approach to examination 

of biood and bone marrow and details the use of essen- 
tial hematologic techniques. All aspects of basic and 
applied hematology are thoroughly discussed, with 
emphasis on pathophysiologic, pathogenetic, and diag- 
nostic implications in diseases of animals. 1227 pE: 
(74x 10'4), 488 illus. (including 25 color plates with 202 
illus.}, 1986, $125.00, 


HEMATOLOGY, THE BLOSSOMING OF A SCIENCE: A 
Story of Inspiration and Effort By the late MAXWELL 

M. WINTROBE, M.D., Ph.D. Combining autobiographical || 
information with biographical accounts of over 500 
names in the field of hematology, Dr. Wintrobe presents 

a comprehensive history of the contributors, and their 
contributions, to the science of hematology. Beginning 
with an overview of hematology as it evolved from 
antiquity to the early part of this century, the author then 
traces his six decades of experiences and involvement | 
in hematology research. 564 pp. (714 x 10%), 180 photo- | 
graphs, 1985, $60.00. 


CALL TOLL FREE 1-800-433-3850 

(USA only, except PA, AK, Hi) 

Use your MasterCard, Visa or American Express card to 
order. Be sure to include your card number. issue date 
(AMEX only) and expiration date. Lea & Febiger pays aif ` 
postage and handling charges on cash and credit card 
sales. All books sent on 30 days approval. 


Quality Publishers Since 1785 


-)LEA & FEBIGE! 


-“ | 800 WASHINGTON SQUARE 
PHILADELPHIA, PENNSYLVANIA 19106-4198 
PLONE: {215} 922/41 230 § 1-800-633-3850 








Large regional blood center 
with active research programs 
seeks M.D./Ph.D. with strong 
investigational interests, to 
develop a research area along 
with some clinical/operational 
responsibility. Several medical 
school collaborative research 
and teaching programs are 
ongoing and a university 
appointment can be arranged. 
Respond to: 


JCO Box 10 
P.O. Box 308 
Park Ridge, NJ 07656 





Faculty Position 


Hematology /Medical 
Oncology 


HAHNEMANN UNIVERSITY’s rapidly expanding 
bone marrow transplant program has immediate need 
to expand fulltime staff. A position is available at the 
level of Assistant Professor or Senior Instructor, depend- 
ing on qualifications. Board eligibility or certification 
in Hematology or Medical Oncology is required. 
Contact: 
Dr. Stephen Bulova, Associate Professor 
Department of Neoplastic Diseases 


Hahnemann 





University 


M.S. 412, Broad & Vine Phila., PA 19102-1192 
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Georgia—The Section of Hema- 
tology/Oncology, Department of 
Pediatrics, Medical College of 
Georgia is recruiting a fourth 
faculty member at the assistant/ 
associate professor level. Board 
certification in pediatrics and sub- 
board eligibility/certification in 
pediatric hematology/oncology 
required. Responsibilities include 
patient care, teaching, and 
research. The ideal candidate 
would have research interest in 
leukocyte or coagulation disor- 
ders. Contact P. Charlton Davis, 
M.D., Chief, Pediatric Hematolo- 
gy/Oncology, Medical College of 
Georgia, Augusta, GA 30912-3770, 
Phone (404) 721-3626. EOE/AAP 


CANADIAN RED CROSS SOCIETY 
BLOOD TRANSFUSION SERVICE 
OTTAWA CENTRE 
DEPUTY MEDICAL DIRECTOR 
POSITION 


The Ottawa Centre of the Canadian Red Cross Soci- 
ety, Blood Transfusion Service is inviting applications 
from physicians for the position of DEPUTY MEDI- 
CAL DIRECTOR. 

The position involves major responsibility for a full 
service apheresis unit providing both cell support and 
plasma exchange services to a population of 800,000. 
The Deputy Medical Director participates in research 
and development programs and assists the Medical 
Director in general administration of the blood program. 
The Centre currently collects, tests, processes and issues 
approximately 65,000 units of blood annually. Appli- 
cants must be Canadian or American Board certified or 
equivalent. 

Interested applicants should apply in confidence giv- 
ing all details of experience and expected salary require- 
ments to: 

Dr. G. Rock 
Medical Director 
The Canadian Red Cross Society 
Blood ‘Transfusion Service * 
85 Plymouth Street 
Ouawa, Ontario KIS 32 
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~ COULTER 
HAS THE SOLUTIO 


Coulter Immunology can help you solve the puzzle. With the broadest line of monoclona 
bodies, Coulter Immunology provides the tools to solve the puzzle of immune-r 
disorders. We bring you vital pieces like 2H4 and 4B4, for which there are no eq 
lents. The inducer of help (14+ 4B4-+ ) and inducer of suppression (14+2 
are functionally unique subsets of the T4 helper cells. These are avails 
fluorescein and phycoerythrin derivative conjugates for multiple 

analysis. Ask us for references on these unique antibodiest 

being used to characterize disease states, such as SLE 

rheumatoid arthritis, and AIDS. Our broad line includes 

clonals for both Tand B lymphocytes, monocytes, natural kille 
specific activation markers, isotypic controls, and support proc 

We have the pieces you're looking for today. Look for our new CO 

CLONE” monoclonal antibodies to B cell activation antigens coming 


To order, call 1-800-327-3778 or 1-800-432-6518. Ext. 6880 from Fl 
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FORME ET PRESENTATION : 


COMPOSITION : 


PRECAUTIONS : 


SORT DU MEDICAMENT: 


INTERACTIONS MEDICAMENTEUSES : 


PROPRIETES : 
tree nt li EFFETS INDESIRABLES : 


INDICATIONS : 


CONTRE-INDICATIONS : 


MISE EN GARDE: 





MODE D'EMPLOI ET POSOLOGIE: 


SURDOSAGE 








TABLEAU A. 
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Three ways to speed 
the flow of blood processing. 








The SCD™ 312 Sterile 
Connection Device The V50 
The only device that allows you to Apheresis System 


instantly create sterile, high qual- 
ity connections between bags. 
This allows blood componeni 
pooling or aliquoting easily, 
quickly and safely. 


The only single venipuncture, fully 
automated apheresis system aval! 
able for high-yield platelet collec 
tion, WBC poor and RBC free. The 
V50 makes blood collection and 
therapeutic exchange easy, 
convenient and safe 


Call Haemonetics today at 
(617) 848-7100 fo learn more 
ways fo improve blood process- 
ing, including our new five day 
platelet storage system, the ESP 


The Ultralite™ 


Plasma Collection System 
The only plasma apheresis system that 
goes where the donors are. The Ultralite 
offers proven Haemonetics technology 
in a compact, easy-to-carry unit. It isthe 
smallest, lightest plasma collection 
system available. 


HAEMONETICS CORPORATION 
400 Wood Road, Braintree, MA 02184. 


HAEMONETICS 


Experience that counts. 











Coming soon from 
Armour Pharmaceutical 
Company 
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l f TESE Wellcovorin Tablets are dramatically improving the way 
4 % patients are rescued. Often discharged from the hospital 
earlier, more patients are completing their therapy on an 


outpatient basis and 
returning to a more 

normal, comfortable 
lifestyle sooner. 






me Co. 
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(leucovorin calcium) 


For thousands of patients, Wellcovorin Tablets have provided the 
critical blood levels needed for life-saving rescue. The unique 
formulation of Wellcovorin Tablets has been shown to be completely 
bioavailable in a bioavailability study of 120 normal volunteers. 


‘Blum, Guaspari, et al: NCI Folate Symposium, Jan. 1986 


Wellcovorin Tablets have reduced the cost of leucovorin rescue 
significantly. Before Wellcovorin Tablets, the cost of leucovorin 
increased rapidly and consistently every year. Now, patients pay 
less for Wellcovorin Tablets, and often realize considerable 
savings from a reduction in hospital stays and clinic visits. 


For greater flexibility in oral dosing, Wellcovorin Tablets are 
available in two sizes: 5 mg (scored, bottles of 20 or 100) and 
25 mg (scored, bottles of 25). 


The Proven Considerate Rescue 


WELLCOVORIN TABLETS 


(leucovorin calcium) 


Leucoverin in convenient 
5 mg and 25 mg tablets 


Before prescribing WELLCOVORIN® Tablets, please consult 
complete prescribing information. The following is a brief 
summary. 
INDICATIONS AND USAGE: Wellcovorin (leuacovonn 
calcium) is indicated for the prophylaxis and treatment of un- 
desired hematopoietic effects of folic acid antagonists (see 
WARNINGS). 
CONTRAINDICATIONS: Leucovorin is improper therapy 
for pernicious anemia and other megaloblastic anemias 
secondary to the lack of vitamin B:, A hematologic remission 
may occur while neurologic manifestations remain 
progressive. 
WARNINGS: In the treatment of accidental overdosage of 
folic acid antagonists, leucovorin should be administered as 
promptly as possible. As the time interval between antifolate 
administration (e.g. methotrexate) and leucovorin rescue 
increases, leucovorin’s effectiveness in counteracting hema- 
tologic toxicity diminishes. 
PRECAUTIONS: 
General: Following chemotherapy with folic acid antag- 
onists, parenteral administration of leucovorin is preferable 
to oral dosing if there is a possibility that the patient may 
vomit and not absorb the leucovorin. In the presence of pemi- 
cious anemia a hematologic remission may occur while 
neurologic manifestations remain progressive. Leucovorin 
has no effect on other toxicities of methotrexate, such as the 
nephrotoxicity resulting from drug precipitation in the kidney. 
Drug Interactions; Folic acid in large amounts may counter- 
act the antiepileptic effect of phenobarbital, phenytoin and 
primidone, and increase the frequency of seizures in Suscep- 
tible children. 
Pregnancy: Teratogenic Effects: Pregnancy Category C. 
Animal reproduction studies have not been conducted with 
Wellcovorin. It is also not known whether Wellcovorin can 
cause fetal harm when administered to a pregnant woman or 
can affect reproduction capacity. Wellcovorin should be given 
to a pregnant woman only if clearly needed. 
Nursing Mothers: It is not known whether this drug is ex- 
creted in human milk. Because many drugs are excreted in 
human milk, caution should be exercised when Wellcovorin 
is administered to a nursing mother. 
Pediatric Use: See “Drug Interactions”. 
ADVERSE REACTIONS: Allergic sensitization has been 
reported following both oral and parenteral administration of 
folic acid. 
OVERDOSAGE: Excessive amounts of leucovorin may 
nullify the chemotherapeutic effect cf folic acid antagonists. 
DOSAGE AND ADMINISTRATION: Leucovorin is a spe- 
cific antidote for the hematopoietic toxicity of methotrexate 
and other strong inhibitors of the enzyme dihydrofolate reduc- 
tase. Leucovorin rescue must begin within 24 hours of anti- 
folate administration. A conventional leucovorin rescue 
dosage schedule is 10 mg/n¥ orally or parenterally followed 
by 10 mg/ny orally every six hours for seventy-two hours. If, 
however, at 24 hours following methotrexate administration 
the serum creatinine is 50% or greater than the pre-metho- 
trexate serum creatinine. the leucovorin dose should be im- 
mediately increased to 100 mg/m’ every three hours until the 
serum methotrexate level is below 5 x 108M. 
The recommended dose of leucovorin to counteract hemato- 
logic toxicity from folic acid antagonists with less affinity for 
mammalian dihydrofolate reductase than methotrexate ( Le. 
trimethoprim, pyrimethamine) is substantially less and 5 to 15 
mg of leucovorin per day has been recommended by some 
investigators.*3-° 
{. Bleyer WA: The Chaical Pharmacology of Methotrexate. Cancer. 
dlii: 36-51, 1978. 
> Eri E, Blum RH, Puman SW, er al: High Dose Methotrexate with 
Leacovorin Rescue: Rational and Spectrum of Antitumor Activity, Am H 
Med, 68:370- 376, 1980. 
3. Golde DW. Bersch N. Quan SG: Trimethoprim amd Sulpha-methoxazale 
pono of Haematoporesis in Vitro. Br J Haematol, 4% 3}: 363-367, 
4. Steinberg SE, Campbell CL, Rabinovich PS, er al: The Effect of 
Trimethoprim/Sulfamethosazole on Friend Erythroieukemia Cells. 
Bioed, $303): 301-504, 1980. 
& Mahmoud AAF and Warren KS: Algorithms in the Diagnosis and i 


Management of Exotic Disease. XX Toxoplasmosis. J fafect Dis, PIMAN 
493-496, 1977. 
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THIS SPACE CONTRIBUTED AS A PUBLIC SERVICE 


You can help us 
raise the colorectal 
cancer cure rate. 


“Ifeveryone over 50 had 
checkups for colorectal 
cancer, the cure rate could be 
as high as 75%, says Dr. 
LaSalle D. Leffall, Jr.. past 
president, American Cancer 
Society, “You cant cure it if 
you don't know you have ite 
But if it's detected early, the 
cure rate for colorectal cancer 
is very high. Your doctor can 
perform the digital and 
proctoscopic exams, and you 
take care of the simple stool 
blood test at home. 

Since men and women are 
equally affected by this disease, 
we urge everyone over 50 tO 
get regular checkups. 

The warning signs for 
colorectal cancer are a Change 
in bowel habits and blood in 
the stool. 

People with a family history 
of colon or rectal Cancer or 
ulcerative colitis are at higher 
risk and are urged to be 
doubly cauuious., 





Checkup Guidelines for 
men and women over 9! 
without symptoms: 
e digital exam annually 
«stool blood test annually 
¢procto exam every 3 to 5 
years after 2 negative tests 
| vear apart. 
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Blood: The Journal of The American Society of 
Hematology (ISSN 0006-4971) is published monthly, 
in two volumes per year, by Grune & Stratton, Inc., 
210 West Washington Square, Philadelphia, PA 
19106. Second class postage paid at Duluth, MN, and 
at additional mailing offices. 

POSTMASTER: Send change of address to Blood, 
c/o Grune & Stratton, Inc., PO Box 6280, Duluth, 
MN 55806. 

Editorial correspondence should be addressed to: 

Arthur W. Nienhuis, MD, Editor 

BLOOD 

The Journal of The American Society 

of Hematology 

9650 Rockville Pike 

Bethesda, MD 20814 

Correspondence regarding subscriptions or change of 
address should be addressed to Grune & Stratton, Inc., 
PO Box 6280, Duluth, MN 55806. 

Customer Service: 1-800-654-2452. 

Change of address notices, including both the old 
and new addresses of the subscriber, should be sent to 
the Publisher at least one month in advance. 

Other correspondence (copyediting, production) 
should be addressed to: 

June Lynn, Managing Editor 

BLOOD 

Grune & Stratton 

210 West Washington Square 

Philadelphia, PA 19106 

Subscription rates: $127.00 per year in the United 
States and Canada; elsewhere, $186.00 per year; 
libraries and institutions, $162.00 per year in the 
United States and Canada; elsewhere, $186.00 per 
year. Students, fellows, interns, and residents in the 
United States and Canada may receive a reduced 
subscription rate: $60.00 per year. A letter giving 
qualifying data must accompany such orders. Single 
copies: United States and Canada, $21.00; elsewhere, 
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$24.00. Back issue and back volume prices are those in 
current effect. Single issues, both current and back, 
exist in limited quantities and are offered for sale 
subject to availability. Subscriptions are accepted on a 
calendar year basis. Journal orders are payable in 
advance. Prices are subject to change. Checks should 
be sent to Grune & Stratton, Inc., PO Box 6209, 
Duluth, MN 55806. 


The appearance of the code at the bottom of the first 
page of an article in this journal indicates the copyright 
owner's consent that copies of the article may be made 
for personal or internal use, or for the personal or 
internal use of specific clients. This consent is given on 
the condition, however, that the copier pay the stated 
per-copy fee through the Copyright Clearance Center, 
Inc. for copying beyond that permitted by Sections 107 
or 108 of the US Copyright Law. This consent does not 
extend to other kinds of copying, such as copying for 
general distribution, for advertising or promotional 
purposes, for creating new collective works, or for 
resale. Absence of the code indicates that the material 
may not be processed through the Copyright Clear- 
ance Center, Inc. 


Advertising Representative: Cunningham Asso- 
ciates, PO Box 308, Park Ridge, NJ 07656, telephone 
(201) 767-4170. 


Agents for Great Britain: Grune & Stratton Lim- 
ited, 24-28 Oval Rd, London NWI 7DX, England. 
Agents for Australia and New Zealand: Grune & 
Stratton Australia, PO Box 300, North Ryde, NSW 
2113, Australia. Publication of an advertisement in 
Blood does not imply endorsement of its claims by The 
American Society of Hematology or by the Editors or 
Publisher of the journal. 

Every effort has been made to check generic and 
trade names, and to verify drug doses. The ultimate 
responsibility, however, lies with the prescribing physi- 
cian. Please convey any errors to the Editors. 
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Thrombotic 
a 1d Bleeding 
Disorders 


American Diagnostica, |nc. offers an 
array of innovative products for the 
study and diagnosis of thrombotic and 
bleeding disorders: 











ki and methods for Protein C 
antigen and functional activity assay 
in plasma; reagent for Protein S 
determination 


Platelets 


f its for t-PA antigen, activity and 
inhibitor assay in plasma 


Standardized third generation 
chromogenic substrates for 
coagulation factor, heparin, Protein C, 
kallikrein and endotoxin assays 


BPD nocional antibody based kits for 
determination of soluble cross-linked Blood Coagulation 
fibrin fragments in plasma and serum 


PPV onocional antibody panels to 
hemostasis related antigens; activator 
and coagulation factor zymogens, 
enzymes and inhibitors 


for information contact: 
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Coagulation Factor Deficient Human Plasma 


© Substrate Quality @ Fresh Frozen 
© Stable © Mono-Specific 


COAGULATION DEFICIENCIES AVAILABLE: 


Factor | (Afibrinogenemia) Factor IX 


Factor |! Factor X 
Factor V Factor XI 
Factor Vil Factor XII 
Factor VIH Factor XHI 


Factor VIH Inhibitor 


VonWillebrand Trait 

(Mild and Severe) 
Prekallikrein 
Kininogen (HMW) 
Passovoy Trait 
Protein C 


HEMATOLOGY PRODUCTS AVAILABLE: 


Pooled Normal Plasma 
Assayed Normal Plasma 
Platelet Free Plasma 





Aged Serum 
Adsorbed Plasma 
Coumadinized Piasma 


@ Plasmas are fresh frozen, citrated plasmas drawn from carefully screened HUMAN donors with 
congenital coagulation factor deficiencies. 

@ Shipments are packed in dry ice and usually delivered within 24 hours. 

@ Special arrangements are made to ship plasma in required volumes in vials (0.5 to 5.0 ml), in bags or 


on standing orders. 


MAXIMUM QUALITY - MINIMUM COST 
GEORGE KING BIO-MEDICAL, INC 


Toll Free 800-255-5108 


In Kansas 913-469-KING 


11771 West 112th Street, Overland Park, KS 66210 
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Mycelex Troche 


provides 

m Up to 96% clinical cure rate*' 
u Safety? 

m High patient acceptance? 

m Low cost‘ 


“.. Clotrimazole given as a troche may 
be the best choice atthe moment 
owing to its high clinical success rate, 
safety, cost effectiveness and high 
patient acceptability.” 


Mycelex 
Iroche 


(clotrimazole) 


A combination of 
benefits no other 
therapy can match 


"Clinical cure = absence of signs and symptoms 


Please see following page for brief summary of 
prescribing information 


Miles Pharmaceuticals 
Division of Miles Laboratories. inc. 
West Haven, Connecticut 06516 USA 
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Mycelex Troche 


HD eva 


(clotrimazole) ` 


rooney set . , 
Fach Mycelex® Troche cantains 10 mg clotrimazole (1-(o-chierd-a. a-ti- 
phenyibenzyll imidazole}, a synthetic antifungal agent. for topica use in 
the mouth. 

Structural Formula: 


Chemical Formula 
Cog GIN 


The troche dosage farm is a large, slawly-dissolving tablet (ozenge) con- 

taining 10 mg of clotrimazole dispersed in dextrose, mcrocrystaiine cel- 

lulose, povidone, and magnesium stearate 

Clinical Pharmacolegy 

Clotrimazole is a broad-spectrum antifungal agent that inhunts the 
rowth of pathogenic yeasts by altering the permeability af cell mem 
ranes itexhibits fungicedal activity an vitro against Candida albicans and 

other species of the genus Candida. No single-step of muitipie-slep re 

sistance to clotrimazole has developed during successive passages of 

Candida aibicans in the jaboratory 

After oral administration of a 10 mg clotrimazeie troche to healthy volun: 

teers concentrations suffiment to inhibit mos’ species of Candida persis 

in saiva for up to three hours folowing the approximately 30 munutes 

needed for a troche to dissolve The tong term effechve concentration of 

drug m saliva appears to be related to the siew release of clotramazole 

from the oral mucosa to which the drug is apparently bound. Repettive 

dosing at three hous intervais mamntains efective Salivary levels above 

the minimum inhibitory concentration of most strains at Candida inan 

other study the mean serum concentratians were 4 9823.7 and 

3.23 + 1.4 nanograms/mi at 30 and BO minutes respectively 

indications and Usage 

Mycelex* Troches are indicated for the local jreatment of oropharyngeal 

candidiasis. The diagnosis should be confirmed by a KOH smear and/or 

culture prior to treatment 

Contraindications 

Myceléx * Troches are contraindicated in patients who are hypersensitive 

to any of ds components 





Warning 

Myceiex® Troches are not indicated for the treatment of systemic 
mycoses 

Precautions 


Abnormal liver tunchon legts have Deen reported in patents treated wiih 
clotrimazole troches, elevated SGOT levels were reported in about 15% of 
patients in the clinical trials in mosi cases the slevations were minimal 
and it was often impossible ta distinguish effects of clotrimazole tram 
those of other therapy and the underlying disease (malignancy in mosi 
cases) Periodic assessment of hepatic function is advisable particularly 
i patients with pre-existing hepatic impairment 

Since patients must be instructed to aflaw each troche to dissolve slowly 
in the mouth in order to acheve maomum effect of the medication, they 
must be of such an age and physical and/or mental condiben to compre- 
nend such instructians 

Carcinagenesis: An 18 masth dosing study with clotrimazole in rats has 
not revealed any carcinogen effect 

Usage in Pregnancy Pregnancy Category C. Clotrimazole nas peen 
shown to be embryatoxc if rats and mice when given in doses 100 times 
the adult human dose (in mgka). possibly secondary to maternal toxic: 
ity The drug was not teratogenic in mice, rabata. and rats when given in 
doses upto 200. 180. and 100 tmas the human dose 

Clatnmazale given orally to mace from ning weeks before mating through 
weaning at a dose 120 umes the human dose was associated with impair 
ment of mating, decreased number of viable young. and cecreased sur 
vival to weaning Ne eflects were observed @ 60 times the human dose 
When the drug was given to rats during a similar time period at 50 times 
the human dose. there was a slight decrease in the number af pups per 
itter and decreased pup viability 

There are no adequate and weil controled studies in pregnant women 
Clotrimazole troches shouid be used dunng pregnancy only the poten- 
hal benefit justifies the potential risk to the fetus 

Pediatric Use 

Safety and effectiveness of clotrimazole in chidren below the age at J 
years have not been establisned: therefore, if use in such patients s not 
recommended 

Adverse Reactions 

Abnormal Hyer function tests have Deen reported in patents tregiad with 
clotramazole oches. elevated SGOT ‘evels were reported in about 15% af 
garenn on the citical tnais (see Precautions sechan) 

Nausea and vomiting was reported in about one in twenty patients 
Overdosage 

No data avaiable 

Drug Abuse and Dependence 

No data available 

Dosage and Administration 

Mycelex * Troches are administered only a5 a lozenge that must be slowly 
dissolved in the mouth The recommended cose is one trache five times 
a day tot fourteen consecutive days Only haved data are avaiable on 
the safety and effectiveness of the clotrimazole troche alter protonged 
admurastration. therefore, therapy should be limited to short term use. if 
posaibie 

How Supplied 

Myceiex* Troches. while disco uncoated tablets are supphed wn bot 
tes of ?Gand 40 Mycelex Troches are also avaiable for inshtutional use 
at iod packages of 7 tablets Each tablet will be dentified vath the feiow- 
ing Mies 095 

Store below BET (RFC), avag freezing 


Reterences: 1. Yap BS. Bodey GP Oropharyngeal candahasis treated 

with a troche form af clotrimazole Arch intern Med 139 656-687 1979 

2. Quintitant R., Owens NJ. Quercia BA, etai Treatment and prevention 

of oropharyngeal candidiasis Am? Med TAD) 44-48. 1984 9. Data on 

fie. Mies Pharmaceuticals 4. Drug Topics Red Sook, Annual Pharma 

ae Reterence. Medical Economics Go.. Oradell. NU. 1987 pp 397, 
6 411 
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Twenty 

years ago, 
leukemia 
killed 
enough 
people 
to fill the 
Houston 
Astrodome. 


Twenty years ago, leukemia 
ras a mysterious disease. Little 
was known about the cause. Less 

was known about the cure. 

But since then, the Leukemia 
Society of America has funded 
32 million dollars of medical re- 
search in an all-out effort to find 
a cure. 

Today, more and more people 
with leukemia are surviving. Liv- 
ing normal lives. But the Leuke 
mia Society won't be satisfied till 
this killer is stopped for good. 

For more information, includ- 
ing the free booklet “What 
Everyone Should Know About 
Leukemia; write to: Leukemia 
Society of America, 733 Third 
Ave., New York, New York 10017. 




















society of america, inc. 


re closing in 
on a killer. 


*levkemia and related diseases 











CANCER 
EDUCATIONAL 
MATERIALS 


Available free of cnarge __. 





Annotated bibliographies: 
@ Coping with cancer 
@ Cancer treatment 
@ Nutrition 
@ Patient education programs 


Clearinghouse services for 
health organizations: 


@ Data base searches 
@ information packages 
@ Referrals 


For information and 
bibliographies write: 


Cancer Information Clearinghouse 
Office of Cancer Communications 
National Cancer Institute 
Building 31, Room 10A18 
Bethesda, Maryland 20205 


or call: 
(301) 496-4070 (organizational 


users) 
(301) 496-5583 (public inquiries) 


National Cancer Institute 


Office of Cancer Communications 
o 





National Cancer institute 
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In the treatment of hemophilia A 


A BREAKTHROUGH 
IN BIOTECHNOLOGY 








= 


= E- = = = 
i i F g J 


i 





NEW 


MONOCLATE 


Factor VIII: G Heat-Treated 
Antihnemophilic Factor 


(Human) 








Now available from 
Armour Pharmaceutical Company 


Please see next page for brief summary of prescribing information 


ANTIHEMOPHILIC FACTOR (HUMAN) 


MONOCLATE* 
FACTOR VIIIC, HEAT-TREATED 
BRIEF SUMMARY 


DESCRIPTION: Antihemophilic Factor (Human), MONOCLATE® Factor 
Viil:C, Heat-Treated is a sterile, stable, lyophilized concentrate of Factor 
VIU:C with reduced amounts of Factor VIER and purified of extraneous 
plasma-derived protein by use of affinity chromatography. A murine 
monocional antibody to Factor Vii:R is used as an affinity ligand to first 
isolate the Factor Vill complex. Factor VIIC is then dissociated from 
VHIR, recovered, formulated and provided as a sterile lyophilized 
powder. The product as formulated contains Albumin (Human) as a 
stabilizer, resulting in a concentrate with specific activity between 5 and 
10 units/mg of total protein. In the absence of this added Albumin 
(Human) stabilizer, specific activity has been determined to exceed 
3000 units/mg of protein. MONOCLATE® has been prepared from 
pooled human plasma and is intended for use in therapy of classical 
hemophilia (Hemophilia A). 

This product has been subjected to a heat-treatment process during its 
manufacture in order to reduce the risk of vira’ transmission, although no 
procedure has been shown to be totally effec..ve in removing viral 
infectivity from coagulant factor products. 


MONOCLATE® is a highly purified preparation of Factor VIC. When 
stored as directed, it will maintain its labeled potency for the period 
indicated on the container and package labels. 


Upon reconstitution, a clear, colorless solution containing 50 to 150 
times as much Factor VIII:C as does an equal volume of plasma is 
obtained. 


Each vial contains the labeled amount of antihemophilic factor (AHF) 
activity as expressed in terms of International Units of antihemophilic 
activity. One unit of antihemophilic factor activity is equivalent to that 
quantity of AHF present in one mL of normal human plasma. When 
reconstituted as recommended the resulting solution contains 
approximately 300 to 450 millimoles of sodium tons per liter and has 2 to 
3 times the tonicity of saline. It contains approximately 2-5 milimotes of 
calcium per liter contributed as calcium chloride, approximately 1-2% 
Albumin (Human), 0.8% mannitol, and 1.2 mM histidine. The pH is 
adjusted with hydrochloric acid and/or sodium hydroxide. 
MONOCLATE® also contains trace amounts (less than 50 ng per 100 
AHF activity units} of mouse protein (see CLINICAL PHARMACOLOGY). 


MONOCLATE® is to be administered only intravenously. 


CLINICAL PHARMACOLOGY: Factor VIII:C is the coagulant portion of 
the Factor VIII complex circulating in plasma. It is noncovalently 
associated with the Factor VII:R protein responsible for von Willebrand 
factor activity. These two proteins have distinct biochemical and 
immunological properties and are under separate genetic control. 
Factor Vill:C acts as a cofactor for Factor IX to activate Factor X in the 
intrinsic biological amplification of plasma enzymic proteins concerned 
with blood coagulation. Hemophilia A, an hereditary disorder of blood 
coagulation due to decreased levels of Factor VII-C, results in profuse 
bleeding into joints, muscles or internal organs as a result of a trauma. 
Antihemophilic Factor (Human), MONOCLATE®, Factor VIC, 
Heat-Treated, provides an increase in plasma levels of AHF, thereby 
enabling temporary correction of hemophilia A bleeding. 


Clinical evaluation of MONOCLATE®, Factor VIH:C heat-treated product 
for its half-life characteristics in hemophilic patients showed it to be 
comparable to other commercially available Factor VHI products. An 
estimated half-life of 15 hours was obtained. 


Evidence of the capability of the manufacturing processes used in the 
production of Antihemophilic Factor (Human), MONOCLATE®, Factor 
VIH:C, Heat-Treated to reduce viral bioburden was obtained in 
inactivation studies involving the addition of known quantities of virus to 
cryoprecipitate. Viruses used were human immunodeficiency virus 
(HIV), Sindbis virus, vesicular stomatitis virus (VSV), and pseudorabies 
virus (PSRV). 


7.51 logs, and PsRV reduction of = 6.85 logs. 


A total of 5 lots of MONOCLATE® were administered to a cohort of 

11 patients who had not previously received any coagulation factor 
concentrates. The study showed no evidence of nonA, nonB hepatitis 
transmission as determined by bi-weekly ALT measurements over 
observation periods ranging from 4 months to 6 months. 


Although MONOCLATE* contains trace amounts of mouse protein (less 
than 50 ng per 100 AHF activity units), only 1 of 18 patients treated on 
multiple occasions and followed for between 6 and 14 months showed 
evidence of antibody to mouse protein above baseline. in that patient 
the antibody level did not change after the second month of treatment 
and was not associated with any cinical adverse reaction. Pre-existing 
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antibody to mouse protein was detected in some patients prior to 
MONOCLATE® administration: in the assay used, people with rheuma- 
toid factor may test falsely positive and other proteins may also show 
cross-reactivity. 


INDICATIONS AND USAGE: Antihemophilic Factor (Human) 
MONOCLATE®, Factor VIH:C, Heat-Treated is indicated for treatment of 
classical hemophilia (Hemophilia A). Affected individuals frequently 
require therapy following minor accidents. Surgery, when required in 
such individuals, must be preceded by temporary corrections of the 
clotting abnormality. Presurgical correction of severe AHF deficiency 
can be accomplished with a small volume of MONOCLATE®. 


MONOCLATE® is not effective in controlling the bleeding of patients with 
von Willebrand's disease. 


CONTRAINDICATIONS: Known hypersensitivity to mouse protein is a 
contraindication to Antihemophilic Factor (Human), MONOCLATE®, 
Factor VIEC, Heat-Treated. 


WARNINGS: MONOCLATE® is prepared from pooled units of human 
plasma which may contain the causative agents of hepatitis B, nonA, 
nonB hepatitis, acquired immunodeficiency syndrome (AIDS) and other 
viral diseases. Each unit of plasma used in the production of 
MONOCLATE® has been tested and found nonreactive for hepatitis B 
surface antigen (HBsAg) and antibody to human immunodeficiency 
virus (HIV) by FDA approved tests, and has been shown to have ALT 
levels not exceeding two times the upper limit of normal. Additiona! 
screening procedures used to eliminate high risk plasma donors, and 
the purification techniques and heat-treatment step used in the 
manufacturing process, are all designed to reduce the risk of transmitting 
viral infection. However, testing methods presently available are not 
sensitive enough to detect all units of potentially infectious plasma, and 
treatment methods have not been shown to be totally effective in 
eliminating any of the aforementioned viral diseases from this product. 
Accordingly, the benefits and risks of treatment with this product should 
be carefully assessed prior to use. 


individuals who have not received multiple infusions of blood or plasma 
products are likely to develop signs and/or symptoms of some viral 
infections, especially nonA, nonB hepatitis as shown by recent data, 
when treated with coagulan: factor products. As indicated under 
CLINICAL PHARMACOLOGY, however, a group of such patients 
treated with MONOCLATE® did not demonstrate signs or symptoms of 
nonA, nonB hepatitis over observation periods ranging from 4 months to 
6 months. 


PRECAUTIONS: General — Most Antihemophilic Factor (Human) 
concentrates contain naturally occurring blood group specific antibodies. 
However, the processing of MONOCLATE® significantly reduces the 
presence of blood group specific antibodies in the final product. 
Nevertheless, when large or frequently repeated doses of product are 
needed, patients should be monitored by means of hematocrit and 
direct Coombs tests for signs of progressive anemia. 


Formation of Antibodies to Mouse Protein — Although no 
hypersensitivity reactions have been observed, because MONOCLATE® 
contains trace amounts of mouse protein (less than 50 ng per 100 AHF 
activity units), the possibility exists that patients treated with 
MONOCLATE® may develop hypersensitivity to the mouse proteins. 


information for Patients 

Patients should be informed of the early signs of hypersensitivity 
reactions including hives, generalized urticaria, tightness of the 
chest, wheezing, hypotension, and anaphylaxis, and should be 
advised to discontinue use of the product and contact their 
physician if these symptoms occur. 

Pregnancy Category C — Animal reproduction studies have not been 
conducted with Antihemophilic Factor (Human), MONOCLATE® Factor 
VHEC, Heat-Treated. It is also not known whether MONOCLATE® can 
cause fetal harm when administered to a pregnant woman or can affect 
reproduction capacity. MONOCLATE® should be given to a pregnant 
woman only if clearly needed. 


ADVERSE REACTIONS: Products of this type are known to cause 
allergic reactions, mild chills, nausea or stinging at the infusion site. 


HOW SUPPLIED: MONOCLATE* is supplied in a single dose via! with 
diluent, sterile needles for reconstitution and withdrawal, winged infusion 
set, and alcohol swabs. I.U. activity is stated on the label of each vial. 


CAUTION: Federal (U.S.A. law prohibits dispensing without prescription. 


i 1987, Armour Pharmaceutical Company 


l W ARMOUR PHARMACEUTICAL COMPANY 
| Kankakee, Illinois 60901 


Printed in USA. 





A comprehensive coagulation workup isn't complete without 
Yu ROR BO- a rapid, reliable FDP assay. Thats why leading laboratories 
B turn to THROMBO-WELLCOTEST — the #1 choice for 
® FDP testing. THROMBO-WELLCOTEST is from Wellcome 
Diagnostics, so its consistent high quality is assured. And it's 
backed by a highly competent technical staff. 
THE i LET OUR TEAM WORK WITH YOUR TEAM 


ped iP TEST For technical information about THROMBO-WELLCOTEST, call toll free 





(800) 334-8570; in North Carolina call collect (919) 248-4617. To order 
contact your local Wellcome Diagnostics sales representative or call 
toll free (800) 334-9332; in North Carolina call collect (919) 758-3436. 
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Wellcome Diagnostics 


A Divreson of Burrougns Wellcome Co 
3030 Corals Road 
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GAMMAGARD* IGIV GAMMAGARD' IGIV. 
offers ail these benefits. | | 
Pure and simple, it can be your best 
DEAE Sephadex” purification choice. 
process provides high degree of For more information, see your 
functional activity.’ sales representative or contact 
indicated in idiopathic Thrombo- Baxter Healthcare Corporation, 
cytopenic Purpura (ITP) Hyland Division, 444 West Glenoaks 
100% response in a clinical Bivd.. Glendale, CA 91202 USA, 
study* 800.423.2090. 


@indicated in immunodeficiencies 





High titers against a wide range 


GAM MAGA l of pathogens 


immune Globulin | 
intravenous (Human GAMMAGARD*’ IGIV offers more, too... 





No known contraindications 

*Viral screening 

Room temperature storage (25 °C) 
No need to wait for product to 
warm up before infusing 


1 Landsperger WJ, Gallagher MJ. Branch DR. Biological 
actity of intravenous immunoglobulins. The Lancet 
May 2, 1987. 1035 





Hyland Division 
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DIRECTION INSERT 


mmune Globulin Intravenous (Human) 
GAMMAGARD® 
ESCRIPTION 


Immune Globulin Intravenous (Human), GAMMA- 
ARD® * is a sterile, dried, highly purified preparation 
f immunoglobulin which is derived from the coid ethanol 
‘actionation process and is further purified using ultrafiltra- 
ion and ion exchange adsorption. When reconstituted with 
1e appropriate volume of diluent, this preparation con- 
ains approximately 50 mg of protein per mL, of which 
t least 90% is gamma globulin. The reconstituted pro- 
uct contains approximately 0.15M sodium chloride and 
as a pH of 68+0.4. Stabilizing agents are present in the 
jlowing maximum amounts: 20 mg/mL glucose. 2 
19/mL PEG, 0.3M glycine, and 3mg/mL human albumin. 

The manufacturing process for Immune Globulin in- 
avenous (Human), GAMMAGARD. isolates gamma 
Jobulin without additional chemical or enzymatic modifica- 
on and the Fe portion is maintained intact. immune 
ilobulin Intravenous (Human), GAMMAGARD contains all 
1e immunoglobulin G antibody activities which are pre- 
ent in the donor population. On the average, the distribu- 
“on of IgG subclasses present in this product is the same 
s iS present in normal plasma’ immune Globulin Intra- 
enous (Human), GAMMAGARD contains only trace 
mounts of IgM and IgA. 

Immune Globulin intravenous (Human}, GAMMAGARD 
sontains no preservative. 

This product has been prepared from large pools of 
uman plasma which was taken only from plasma units 
jund to have normal levels of alanine aminotransferase 
ALT). Each unit of plasma used in the manufacture of this 
roduct has been found to be nonreactive for HBsAg anti- 
sody by an FDA approved test. 


sLINICAL PHARMACOLOGY 

Immune Globulin Intravenous (Human), GAMMAGARD 
contains a broad spectrum of IgG antibodies against 
sacterial and viral agents that are capable of opsonization 
and neutralization of microbes and toxins. 

Peak levels of IgG are reached immediately after infu- 
sion of Immune Globulin Intravenous (Human), GAMMA- 
aARD. It has been shown that IgG is distributed relatively 
apidly between plasma and extravascular fluid until approx- 
mately half of the total body pool is partitioned in the ex- 
wavascular space. A rapid initial drop in serum levels is, 
Iherefore, to be expected. 

As a class, IgG survives longer in vivo than other serum 
sroteins.2-3 Studies show that the half-life of Immune 
Jobulin intravenous (Human), GAMMAGARD is approx- 
mately 24 days. These findings are consistent with reports 
af a 21 to 25 day half-life for IgG.2:3-4 The half-life of IgG 
san vary considerably from person to person, however. In 
varticular, high concentrations of IgG and hyper-metabolism 
associated with fever and infection have been seen to coin- 
side with a shortened half-life of igG.¢.3.4.5 


INDICATIONS AND USAGE 


mmunodeficiencies 

immune Globulin intravenous (Human), GAMMAGARD 
s efficacious in the treatment of primary immunodeficient 
states, such as: congenital agammaglobulinemias, com- 
non variable immunodeficiency, Wiskott-Aldrich syndrome, 
and severe combined immunodeficiencies.4.* Immune 
3lobulin intravenous (Human), GAMMAGARD is especial- 
y useful when high levels or rapid elevation of circulating 
Jamma globulins are desired or when intramuscular in- 
ections are contraindicated (e.g., smali muscle mass). 


diopathic Thrambocytopenic Purpura (ITP) 

When a rapid rise in platelet count is needed to control 
jleeding or to allow a patient with ITP to undergo surgery, 
he administration of Immune Globulin Intravenous 
‘Human), GAMMAGARD should be considered. The efficacy 
yf Immune Globulin Intravenous (Human), GAMMAGARD 
yas been demonstrated in a clinical study involving Six- 
‘een patients (twelve adults and four children) diagnosed 
with acute or chronic Idiopathic Thrombocytopenic Pur- 
Jura (ITP). Each of the sixteen patients (100%) demon- 


strated an acute, clinically signficant rise in platelet count 
(platelet count greater than 40,000/mm®) following the ad- 
ministration of Immune Globulin Intravenous (Human), 
GAMMAGARD. 

Ten of the sixteen patients (62%) exhibited a clinically 
significant rise in platelet count after only one 1 g/kg infu- 
sion; four patients (25%) exhibited this result after only 
two 1 g/kg infusions; and two patients exhibited this result 
after more than two 1 g/kg infusions. The rise in platelet 
count is generally rapid, occurring within 5 days. The rise, 
however, is transient and should not be considered curative. 
Platelet rises most often lasted 2 to 3 weeks, with a range 
of 12 days to 6 months. It should be noted that childhood 
ITP may resolve spontaneously without treatment. 


CONTRAINDICATIONS 
None known. 


WARNINGS 

Immune Globulin intravenous (Human), GAMMAGARD 
should only be administered intravenously. Other routes 
of administration have not been evaluated. 

immune Globulin Intravenous (Human), GAMMAGARD 
contains very low quantities of IgA (not more than 10 
pg/mL) and although no instances of anaphylaxis 
associated with the use of this product have been observed 
during the clinical trials, such reactions have been observed 
with other immunoglobulin products. 5.6 Immune Globulin 
Intravenous (Human), GAMMAGARD should be given with 
caution to patients with antibodies to IgA or selective IgA 
deficiencies. 


PRECAUTIONS 


Drug Interaction 

Admixtures of Immune Globulin Intravenous (Human), 
GAMMAGARD with other drugs have not been evaluated. 
It is recommended that Immune Globulin Intravenous 
(Human). GAMMAGARD be administered separately from 
other drugs or medication which the patient may be 
receiving. 


Pregnancy Category C 

Animal reproduction studies have not been conducted 
with Immune Globulin Intravenous (Human), GAMMAGARD. 
It is also not known whether Immune Globulin Intravenous 
(Human), GAMMAGARD can cause fetal harm when ad- 
ministered to a pregnant woman or can affect reproduc- 
tion capacity. Immune Globulin Intravenous (Human), 
GAMMAGARD should be given to a pregnant woman only 
if clearly needed. 


ADVERSE REACTIONS 

The incidence of untoward reactions to Immune Globulin 
Intravenous (Human), GAMMAGARD is low, although 
various minor reactions, such as headache, fatigue. chills, 
backache. lightheadedness, fever, urticaria, flushing and 
nausea may occasionally occur. The incidence of these reac- 
tions directly attributable to the infusion of Immune Globulin 
Intravenous (Human), GAMMAGARD during the clinical 
trials was less than 6%. Slowing or stopping the infusion 
usually allows the symptoms to disappear promptly. 

During the clinical study of this product for treatment 
of ITP. the only side effect reported was headache which 
occurred in 12 of 16 patients. Oral antihistamines and 
analgesics alleviated the headache and were used as pre- 
treatment for those patients requiring additional IGIV therapy. 
The remaining four patients did not report any side effects 
and did not require pre-treatment. 

Immediate anaphylactic and hypersensitivity reactions 
due to previous Sensitization, although they have not been 
observed during the clinical trials, are a possibility. 
Epinephrine should be available for treatment of any acute 
anaphylactoid reaction. (See WARNINGS.) 


DOSAGE AND ADMINISTRATION 


immunodeficiencies 

For patients with primary immunodeficiencies, monthly 
doses of at least 100 mg/kg are recommended. initially, 
patients may receive 200-400 mg/kg. As there are signifi- 
cant differences in the half-life of igG among patients with 
primary immunodeficiencies, the frequency and amount 
of immunoglobulin therapy may vary from patient to patient. 
The proper amount can be determined by monitoring clinical 


response. The minimum serum concentration of IgG neces 
Sary for protection has not been established. 


Idiopathic Thrombocytopenic Purpura (ITP) 

For patients with acute or chronic Idiopathic Throm 
bocytopenic Purpura (ITP), a dose of 1 g/kg is recommenc 
ed. The need for additional doses can be determined & 
clinical response and platelet count. Up te three doses ma 
be given on alternate days if required. 


Rate of Administration 

It is recommended that initialy a rate of O5 mL/kg/H 
be used. If infusion at this rate causes the patient n 
distress, the administration rate may be gradually increase 
but should not exceed 4 mL/kg/kr. 

A rate of administration which is too rapid may caus 
flushing and changes in pulse rate and blood pressurt 
Slowing or stopping the infusion usually allows the symg 
toms to disappear promptly. 


Administration 

immune Globulin Intravenous (Kuman), GAMMAGAR! 
should be administered as soon after reconstitution a 
possible. Administration should begin not more than 2 hour 
after reconstitution. 

The reconstituted material should be at room temperatur 
during administration. 

Parenteral drug products should be inspected visual 
for particulate matter and discoloration prior to administr: 
tion, whenever solution and container permit. 

Follow directions for use which accompany the admin 
stration set. Hf a Hyland set is not used, make sure th 
administration set contains an adequate filter. 


How Supplied 

Immune Globulin intravenous (Human), GAMMAGAR 
is supplied in either 2.5 g or 5.0 g single use vials. Eac 
vial of Immune Globulin intravenous (Human), GAMMé 
GARD is furnished with a suitable volume of Sterile Wate 
for Injection, USP. a transfer device and an administratio 
set which contains an integral airway and a 15 micron filte 


Storage 

Immune Globulin Intravenous (Human), GAMMAGAR 
is to be storec at a temperature not to exceed 25°C (77°F 
Freezing should be avoided to prevent the diluent botti 
from breaking. 
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Blenoxane Combinations 


(sterile bleomvein sulfate) 


Proven Effective in 


me 
Non-Hodgkin's Lymphoma 
The newer Blenoxane containing combinations resulted ta high 


complete response rates and extended disease-free survival!” 


Abdominal/Pelvic CT Abdominal/Pelvic CT 
February 25 August 4 





Massive retroperitoneal, No evidence of abnormal 
retrocrural, para-aortic, abdominal or pe.vic adenopathy 
and probable right iliac after Blenoxane combination 
adenopathy. chemotherapy. 





‘CHOP-Bleo  „BACOP © COP-BLAM 





oe |. Newcomer LN, Cadman EC, 2 Schein PS, Devita vT. ie Hubbard 3. Laurence J, Coleman M, ‘Allen 1s 


oS Nerenberg MI, et al: Randomized S, et al: Bleomycin, Adriamycin, et al: Combination chemotherap 


~ study comparing doxorubicin, - Le -_ cyclophosphamide, vincristine, aod advanced diffuse histiocytic 
-~ cyclophosphamide, vincristine, prednisone (BACOP) combination - lymphoma: with the six-drug col 


methotrexate with leucovorin =- chemotherapy in the reatmentof BLAA 








o A regimen. Ann intern Med 
a fescue, and cytarabine (ACOMLA) advanced diffuse hist ocytic : eee 97: 190-1 95, 1982. ee 
with cyclophosphamide, — lymphoma. Ann Intern oo a 


~ . doxorubicin, vincristine, prednisone, -o 85: nal Ae, 1976. 
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Blenoxane .. Integral Component. 


=rerile bleomycin sulfate) 


of Chemotherapy Regimens in 
‘Von-Hodgkin's Lymphoma 


«ince Blenoxane is virtually non-myelosuppressive, continuing 
aerapy with certain Blenoxane containing chemotherapy regimens 


*2,3,4,6 


2cOVeTY. 


>g. BACOP) can prevent tumor regrowth between cycles of 
ther chemotherapy regimens while allowing for bone marrow 


‘lenoxane can produce, with cumulative doses, a syndrome of pul- 
1onary fibrosis. It is usually dose-related, being seen infrequently 


1 patients whose total dose of Blenoxane is less than 400 units. 


M-BACOD 


~ Skarin AT, Canellos GP Rosenthal 


> 


DS, et al: Improved prognosis of 
diffuse histiocytic and undiffer- 
entiated lymphoma by use of high 
dose methotrexate alternating with 
standard agents (M-BACOD). J 
Clin Oncol 1:91-98, 1983. 

Anderson KC, Skarin AT, Rosenthal 
DS, et al: Combination 
chemotherapy for advanced non- 
Hodgkin's lymphomas other than 
diffuse histiocytic or undiffer- 
entiated histologies. Cancer Treat 
Rep 68:1343-1350, 1984. 


Efficacy... Yesterday, Today, Tomorrow - 


m-BACOD 


6. Skarin A, Canellos G, Rosenthal D, 


et al: Moderate dose methotrexate 
(m) combined with bleomycin (B), 
Adriamycin (A), cyclophosphamide 
(C), Oncovin (O) and dexa- 
methasone (D), m-BACOD, in 
advanced diffuse histiocytic 


lymphoma (DHL). Proc Am Soc Clin 
Oncol 2:220, 1983. 






® 


(sterile bleomycin sulfate) 


MACOP-B | 

7. Klimo P-Connors JM: MACOP-B 
chemotherapy for the treatment of 
diffuse large-cell lymphoma. Ann 
Intern. Med 102:596-602, 1985. 


See prescribing Information on following page. 
UA-154-1 


Blenoxane (sterile bleomvein sulfate) 


3rief Summary of Prescribing information (1) 10°84. For complete prescribing nforma- 
aon please consul! product literature. 


WARNING 
itis recommended that Blenoxane" be adminustered under the supervision of a qualified physi- 
cian experienced in the use of cancer chemotherapeutic agents Appropriate management ot ther 
apy and complications is possible only when adequate diagnostic and treatment faciibes are 
readily avaiable 


Pulmonary fibrosis is the most severe toxicity associated with Blenoxane The most frequent pre- 
sentation is pneumonitis occasionally progressing to pulmonary fibrosis {ts occurrence :s higher in 
elderly patients and in those recemving greater than 400 units total dose. but pulmonary toxcity has 
been observed in young patients and those treated with low doses 

A severe idiosyncratic reaction consisting of hypotension, mental confusion., fever. chills. and 
wheezing has been reported in approximately 1% of lymphoma patients treated with Blenoxane 





INDICATIONS: Bienoxane should be considered a palhatwe treatment. It has been shown to be useful 
“the management of the following neoplasms either as a single agent or in proven combinations with 
ather approved chemotherapeutic agents: 

Squamous Celi Carcinoma — Head and neck including mouth, tongue. tons. nasopharynx. 
aropharynx. sinus. palate, lip. buccal mucosa. gingiva. epiglottis, skin. larynx, penis. cervix. and 

ulva. The response to Blenoxane is poorer in patients with nead and neck cancer previously irradiated 

Lymphomas ~ Hodgkin's, reticulum celi sarcoma. lymphosarcoma 

Testicular Carcinoma — Embrycna! cel. choriocarcinoma. and teratocarcmoma 


CONTRAINDICATIONS: Bienoxane is contraindicated in patients who have demonstrated a nypersen- 
sitive Of an idiosyncratic reaction to 


WARNINGS: Patients receiving Blenoxane must be observed carefully and frequently during and after 
‘herapy it should be used with extreme caution in patients with significant impasrment of renal function 
of compromised pulmonary function 

Pulmonary toxicities occur in 10°% of treated patients. In approximately 1%. the nonspecific peu- 
nonitis induced by Blenoxane progresses to pulmonary fibrosis, and death Although this is age and 
Jose related, the toxicity is unpredictable. Frequent roentgenograms are recommended 

Idiosyncratic reactions simular to anaphylaxis Rave been reported in 1% of lymphoma patients treated 
with Blenoxane Since these usually occur after the first or second dose. careful monitoring is essential 
after these doses 

Renal or hepatic toxicity, beginning as a deterioration in <enal or iver funchon tests. have been 
eported. infrequently, These toxicites may occur, however. at any time after initiation of therapy 

Usage in Pregnancy Safe use of Blenoxane in pregnant women has not been established 


ADVERSE REACTIONS: Pulmonary — This is potentially the most serious sid@etfect. occurring in ap- 
aroximately 10% of treated patients. The most frequent presentation is pneumonitis occasionally pro- 
gressing to pulmonary fibrosis. Approximately 1% of patients treated have died of pulmonary fibrosis 
*ulmonary toxicity is both dose and age-related. being more common in patients aver 70 years of age 
and in those receiving over 400 units total dase This toxicity, however. is unpredictable and has been 
aen Occasionally in young patients receiving low doses 

Because of lack of specificity of the clinical syndrome. the identification of patients with pulmonary 
soxicity due to Blenoxane has been extremely difficult. The earliest symptom associated with Blenoxane 
juimonary toxicity is dyspnea The earhest sign 1s fine rales 

Radiographically, Bienoxane-induced pneumonitis produces nonspecific patchy opacities. usuaily of 
ower lung fields. The most common changes in pulmonary function tests are a decrease in total iung 
solume and a decrease in vital capacity. However. these changes are not predictive of the deveionment of 
quimonary fibrosis 

The microscopic tissue changes due to Blenoxane toxicey include bronchiolar squamous metaplasia. 
eactive macrophages, atypical alveolar epithelial cells. fibnaous edema, and interstitial fibrosis. The 
wcute Stage may involve capillary changes and subsequent fibringus exudatian into alveo producing a 
shange similar to hyaline membrane formation and progressing to a diffuse interstitial fibrasis resem- 
Hing the Harmman-Rich syndrome These microscopic findings are nonspecific. e.g similar changes 
wre Seen in radiation pneumonitis. pseumocystic pneumon:tis 

To monitor the onset of pulmonary toxicity. roentgenograms of the chest showd be taken every 1 to 2 
weeks. if pulmonary changes are noted. treatment should be discontinued until it can be determined it 
hey are drug related. Recent studies have suggested that sequential! measurement of the pulmonary 
diffusion capacity for carbon monoxide (DL...) during treatment with Bienoxane may be an imdicator of 
aubciimcal pulmonary toxicity. itis recommended that the OL., be monitored manthly if itis to be em- 
joyed to detect pulmonary toxicities. and thus the drug shouid be discontinued when the DL... falls 
gelow 30 to 35% of the pretreatment value 

Because of bleomycin 5 sensitization of lung tissue. patients who have rece:ved bleomycin are at 
greater risk of developing pulmonary toxicity when oxygen 3 administered at surgery. While iong ex- 
aosure to very high oxygen concentrations is a known cause of jung damage, after bleomycin admin- 
stration, jung damage can occur at tower concentrations than usually would be considered sale 
Suggested preventive measures are 
1) Maintain Fi 0. at concentrations approximately that of room air (25%) during surgery and the post- 

operative penod 
2} Monitor carefully uid replacement, focusing more on collard administration rather than crystaliond 

idiosyncratic Reactions — in approximately 1% of the lymphoma patients treated with Blenoxane an 
aosyncratic reaction. similar to anaphylaxis clinically. has been reported The reaction may be immedi 
ate or delayed for several hours, and usually occurs after the first ar second Gose ft consists af hypo- 
ension. mental contusion. fever, chals, and wheezing. Treatment is symptomatic including volume 
expansion. pressor agents. antihistamines. and corticosteroids. 

integument and Mucous Membranes - These are the most frequent side effects. being reported in 
approximately 50% of treated patients These consist of erythema. rash. strae. vesiculatian, hyperpig- 
nentation. and tenderness of the skin. Hyperkeratosis, nak changes. alepecia. pruntus. and stomatitis 
yave also been reported. it was necessary to discontinue Blenoxane therapy in 2" of treated patents 
Jecause of these toxicities 

Skin toxicity 1S a relatively late manifestation usually developing in the 2nd ang 3rd week of treatment 
after 150 to 200 units of Blenoxane nave been administered and appears to be related to the cumulative 
Jose. 

Other — Fever chilis, and vomiting were frequently reported side effects Anorexia and weight loss 
are common and may persist jong after termination of the medication Pain at tumor site priebitis, and 
ather local reactions were reported infrequently 

There are isolated reports of Raynaud's phenomenon ocsurnng in patients with testicular carcinomas 
reated with a combination of Blenoxane and Velban*. Itis currently unknown if the cause for the 
Raynaud s phenomenon in these cases is the disease. Blenoxane. Velban. or a combination of any ar 


all of these 
Mead jinam 


SUPPLY: Each viai contains 15 units of Blenoxane 
#s sterile bleomycin sulfate NOC 0035-3010-20 ONCOLOGY PRODUCTS 
Bristol-Myers Oncology Division 


JA-154-4 Syracuse. NY 13221 1/86 
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If you could look int 
the eyes of generations 

yet to come, you would be 

there. You can make a 











35th Sr., New York, NY 10001. 
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Reports in the New England Journal of 
Medicine confirm the early promise for 
many patients with AIDS and other 
serious HIV infections... 








RETROVIR (zidovudine) 


Helps patients 
live longer, live better 


Please see brief summary of prescribing information on last page of this advertisement 
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(zidovudine) 


Helps patients 
live longer, live better 


New England Journal of Medicine reports 


“[RETROVIR] AZT administration was therefore 
associated with a fourfold-to-sixfold reduction 
in the mortality rates in the study population at 
nine months.”! 






Patients live longer 


A 90% survival rate was reported for AIDS and ARC 
patients treated with RETROVIR after one year — 
v 50% in a similar group of untreated patients’ 


Patients live better 


Improves patients genveeal he: alth on 
quality of life’ 


e Significantly reduces symptoms related to HIV 
infection 

e Many patients can resume productive lives 

e Reduces risk and severity of opportunistic infections 


e Improves immune status 


Improves patients cognitive status”" 

e Produced statistically significant improvements in 
long-term memory, motor function, concentration, 
and information-processing ability 

e RETROVIR crosses the blood-brain barrier 








Helps patients live longer 


Survival rates for AIDS/ARC patients combined 
at 6,9, and 12 months!” 





YO 





Survival Rate 











At 6 months At 9 months At 12 months 





*Extrapolated trom data of the Centers tor Disease Control: Morbidity and Mortality Weekly Report 


Helps patients live better 


Improvement followi ing RETR( V IR therapy 
demonstrated by positron emission tomography’* 


PET scans of normal control (1) and patient with HIV-related neuropathy and dementia 
before (2) and after (3) 13 weeks of RETROVIR therapy 





Normal control (1) Patient betore Patient following 
RETROVIR therapy (2) RETROVIR therapy (4 


A homogeneous pattern of glucose metabolism can be seen in the normal control (1 ) as 
compared with the heterogencous pattern in the patient prior to RETROVIR therapy ( 2) 
After 13 weeks of treatment, the abnormal pattern has partly resolved (4) 


Guidelines for successful management 


e RETROVIR therapy is generally well tolerated by many patients, particularly 
those with higher T4 cell counts and more intact bone marrow function at the 
start of therapy 


Hematologic monitoring is recommended every two weeks; there is a possibility 
of bone marrow toxicity and subsequent RBC and WBC depression 


Concomitant use of acetaminophen with RETROVIR may potentiate 
granulocytopenia; other drugs that may interfere with RETROVIR metabolism 
should be avoided. 


Please see brief summary of prescribing information on last page of this advertisement 








RETROVIR? (ziDOvVUDINE) Capsules 


WARNING: THERAPY WITH RETROVIR (ZIDOVUDINE) IS OFTEN ASSOCIATED WITH HEMATOLOGIC TOXICITY INCLUDING GRANULOCYTOPENIA AND SEVERE ANEMIA REQUIRING TRANSFUSIONS (SEE WARNINGS). 


IN ADDITION, PATIENTS TREATED WITH ZIDOVUDINE MAY CONTINUE TO DEVELOP OPPORTUNISTIC INFECTIONS {01'S} AND OTHER COMPLICATIONS OF THE ACQUIRED IMMUNODEFICIENCY SYNDROME (AIDS) AND AIDS RELATED 
COMPLEX (ARC) CAUSED BY THE HUMAN IMMUNODEFICIENCY VIRUS (HIV). THEREFORE, PATIENTS ON ZIDOVUDINE SHOULD BE UNDER CLOSE CLINICAL OBSERVATION BY PHYSICIANS EXPERIENCED IN THE TREATMENT OF 
PATIENTS WITH DISEASES ASSOCIATED WITH HIV. THE SAFETY AND EFFICACY OF ZIDOVUDINE HAVE BEEN ESTABLISHED ONLY FOR CERTAIN ADULT AIDS AND ADVANCED ARC PATIENTS (SEE ‘INDICATIONS AND USAGE’). 


INDICATIONS AND USAGE: Retrovir Capsules are indicated for the management of certain adult patients 
with symptomatic HIV infection (AIDS and advanced ARC) who have a history of cytologically confirmed 
Pneumocystis carinii pneumonia (PCP) or an absolute CD4 (T4 helper/inducer) tymphocyte count of less 
than 200/mms in the peripheral biood before therapy is begun. 

This indication is based primarily on the results of a randomized, double-blind, placebo-controlied trial 
conducted at 12 medical centers in the United States in which 281 patients with AIDS or advanced ARC were 
studied for an average of four and a half months. Additional data have been collected on approximately 80% 
of these patients who have received zidovudine in an open-label extension of this tral for an average of five 
more months. 

The patient population of the controlled trial consisted of 160 AIDS patients (85 Retrovir and 75 placebo) 
who had recovered from their first episode of PCP diagnosed within the previous four months, and 121 ARC 
patients (59 Retrovir and 62 placebo) with multiple signs and symptoms of HIV infection, including 
mucocutaneous candidiasis and/or unexplained weight loss (= 15 tbs or > 10% of prior body weight). All 
patients had evidence of impaired cellular immunity with an absence of delayed cutaneous hypersensitivity 
and a decreased number of CD4 (14) lymphocytes in the peripheral circulation. Two hundred twenty-one 
(79% of all patients) had fewer than 200 T4 cells/mms at entry (95% of AIDS patients and 57% of ARC 
patients). All patients began therapy at a dose of 250 mg every 4 hours around the clock. This dosage was 
reduced or temporarily or permanently discontinued if serious marrow toxicity occurred. The trial was 
stopped because of a significant reduction in mortality before afi patients had completed the planned 24 
weeks of treatment. There were 19 deaths in the placebo group and 1 in the Retrovir group (p<: 001). All 
deaths were apparently due to opportunistic infections (Ot) or other complications of HIV infection 
Treatment duration ranged from 12 weeks to 26 weeks, with a mean and median duration of 17 and 18 
weeks, respectively. 

Retrovir aiso significantly reduced the risk of acquiring an AIDS-defining Ol in patients after 6 weeks of 
treatment (p< .001). in addition, patients who received Retrovir generally did better than the placebo group 
in terms of several other measures of efficacy including performance level, neuropsychiatric function, 
maintenance of body weight and the number and severity of symptoms associated with HIV infection. A 
modest increase in mean CD4 (14) counts was seen in the zidovudine group but the significance of this 
finding is unclear as the CD4 (T4) counts declined again in some patients. 

The most significant adverse reaction noted in the study was a depression of formed elements in the 
peripheral blood, which necessitated dose reduction or drug discontinuation in 49 of the 144 (34%) 
patients receiving Retrovir. Of those participants whose baseline CD4 (14) lymphocyte counts were less 
than 200. 47% of those receiving Retrovir and 10% of those receiving placebo developed a granulocyte 
count of <750/mm3. Similarly, 45% of Retrovir recipients and only 14% of placebo recipients had a 25% or 
greater reduction in hemoglobin. (See ADVERSE REACTIONS.) 

At the conclusion of the placebo-controlled trial, 127 Retrovir recipients and 100 placebo recipients elected 
to enroll in an uncontrolled extension protocol in which all patients received Retrovir at a dose of 200 mg 
every four hours. This dose was chosen because of concern about cumulative hematologic toxicity and to 
allow for greater flexibility in dosing. Over the subsequent five months, opportunistic infections continued 
to occur and additional patients died in both groups. Sixteen patients from the original placebo cohort died 
after the conclusion of the controlled trial. Four of these 16 never received Retrovir and seven expired 
during the first month of therapy. Ten additional deaths occurred among the original Retrovir recipients 
With respect to these data, termination of the controlled trial precludes direct comparisons of mortality and 
morbidity between the original placebo anc drug recipients. Long-term follow-up of these patients. 
however, will allow for examination of the natural history of prolonged zidovudine therapy. 
CONTRAINDICATIONS: Retrovir Capsules are contraindicated for patients who have potentially life-threat- 
ening allergic reactions to any of the components of the formulation. 

WARNINGS: Zidovudine has been carefully studied in limited numbers of seriously il! HIV-infected patients 
treated for a limited period of time. Therefore. the full safety and efficacy profile of zidovudine has not been 
completely defined, particularly in regard to prolonged use, and especially in HIV-infected individuals who 
have less advanced disease 

Zidovudine should be used with extreme caution in patients who have bone marrow compromise evidenced 
by granulocyte count <<: 1000/mm3 or hemogtobin < 9.5 g/di. in the placebo-controlied study, anemia and 
granulocytopenia were the most significant adverse events observed (see ADVERSE REACTIONS). 
Significant anernia most commonly occurred after 4 to 6 weeks of therapy and in many cases required dose 
adjustment, discontinuation of zidovudine, and/or blood transfusions. Frequent (at least every 2 weeks) 
blood counts are strongly recommended in patients taking zidovudine. If anemia or granulocytopenia 
develops, dosage adjustments may be necessary (see DOSAGE AND ADMINISTRATION). 
Coadministration of zidovudine with other drugs metabolized by glucuronidation should be avoided 
because the toxicity of either drug may be potentiated (see Drug Interactions under PRECAUTIONS). 
Zidovudine recipients who used acetaminophen during the controlled trial had an increased incidence of 
granulocytopenia which appeared to be correlated with the duration of acetaminophen use. 
PRECAUTIONS: 

General: Zidovudine is eliminated from the body primarily by renal excretion following metabolism in the 
liver (glucuronidation). There are currently no data available concerning the use of zidovudine in patients 
with impaired renal or hepatic function, and such patients may be at a greater risk of toxicity from 
zidovudine. 

Drug Interactions: The interaction of other drugs with zidovudine has not been studied in a systematic 
manner. Coadministration of zidovudine with drugs that are nephrotoxic, cytotoxic, or which interfere with 
RBCAWBC number or function (e.g.. dapsone, pentamidine, amphotericin B, flucytosine, vincristine. 
vinblastine, adriamycin, or interferon} may increase the risk of toxicity, Limited data suggest that probene- 
cid may inhibit glucuronidation and/or reduce renal excretion of zidovudine. In addition, other drugs (e.g. 
acetaminophen, aspirin, or indomethacin) may competitively inhibit glucuronidation (see WARNINGS). 
Some experimental nucleoside analogues which are being evaluated in AIDS and ARC patients may affect 
RBC/WBC number or function and may increase the potential for hematologie toxicity of zidovudine. Some 
experimental nucleoside analogues affecting DNA replication antagonize the in vitro antiviral activity of 
zidovudine against HIV and thus, concomitant use of such drugs should be avoided. 

Some drugs such as trimethoprim-sulfamethoxazole, pyrimethamine, and acyclovir may be necessary for 
the management or prevention of opportunistic infections. In the controlled trial. increased toxicity was not 
detected with limited exposure to these drugs. However, there are two published reports of neurotoxicity 
(one ot profound lethargy and one of seizure) associated with concomitant use of zidovudine and acyclovir, 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term carcinogenicity studies of zidovudine 
in animals have not been completed. However, in an ia vitro mammalian cell transformation assay, 
zidovudine was positive at concentrations of 0.5 pagimi and higher. 

No evidence of mutagenicity (with or without metabolic activation) was observed in the Ames Salmonella 
mutagenicity assay. in a mutagenicity assay conducted in L5178Y/TK +’~ mouse lymphoma cells, zidovu- 
dine was weakly mutagenic in the absence of metabolic activation only at the highest concentrations tested 
(4000 and 5000 g/ml). In the presence of metabolic activation, the drug was weakly mutagenic 
at concentrations of 1000 ,.9/mi and higher. In an in vitro cytogenetic study pertormed in cultured human 
lymphocytes, zidovudine induced dose-related structural chromosomal abnormalities at concentrations of 
3 ug/ml and higher. No such effects were noted at the two lowest concentrations tested, 0.3 and 1 pg/ml. 
Pregnancy: Pregnancy Category C. An oral teratology study in pregnant rats using doses up to 20 times the 
human dose has revealed no evidence of harm to the fetus due to zidovudine. it is not known whether 
zidovudine can cause fetal harm when administered to a pregnant woman or can affect reproductive 
capacity. Zidovudine should be given to a pregnant woman only if clearly needed. 

Nursing Mothers: it is not known whether zidovudine is excreted in human milk. Because many drugs are 
excreted in human milk and because of the potential for serious adverse reactions from zidovudine in 
nursing infants, mothers should be instructed to discontinue nursing if they are receiving zidovudine. 


J 


Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: The most frequent adverse events and abnormal laboratory values reported in th 
placebo-controlled clinical trial of oral zidovudine administration in 281 patients (144 patients zidovudine 
137 patients placebo) were granulocytopenia and anemia. The occurrence of these hematologic toxicitie 
was inversely related to CD4 (74) lymphocyte number, hemoglobin, and granulocyte count at study entry 
and directly related to dose and duration of therapy. The frequency of granulocytopenia and anemi 
according fo the patients’ CD4 (74) levels is shown in the following table: 


Pretreatment CD4 (74) Levels 
Abnormality 


ppm 
Granulocytopenia 


Placebo Zidovudine Placebo 
(n= 105} {n = 30) {n = 30} 
10% 10% 3% 
{< 750/mm3} 
Anemia 30% B% 3% 0% 
(Hgb <7 5 g/di) 


Because many patients were anemic and/or granulocytopenic before starting therapy with zidovudine 
examining the degree of change when compared to baseline, as shown in the table below, may be mor 
informative. 














Pretreatment CD4 (74) Levels 
<200/mms ~» 2O0/mims 


% Decrease Saat 
from Zidovudine Placebo Zidovudine Placebo 
Abnormality Baseline (n= 113} {A= 105) {n = 30) in = 30} 


Granulocytopenia 19% 40°, 13% 


The anemia appeared to be the result of impaired erythrocyte maturation as ewdenced by increasir 
macrocytosis (MCV) while on drug. 

The 281 patients treated in this controlied tral had senous underlying disease with multiple baselir 
symptoms and clinical abnormalities. The following table summanzes those reported clinical adver: 
events which occurred in at least 5% of all patients treated with zidovudine. Severe headache, nause 
insomma and myalgia were reported at a significantly greater rate in zidovudine recipients 


Percentage (°%) of Patients with Clinical Events 


Zidovudine | Placebo 
(n= 144) | in= 137) 
Adverse Event Yo Yy 








Zidovudine Placebo 
(f= 144) (n= 137) 


Adverse Event Ho to 

















BODY AS A WHOLE MUSCULOSKELETAL 
Asthenia 18 Myalgia 8 2 
Diaphoresis 4 NERVOUS 
Fever 12 Dizziness 6 4 
Headache 37 insomnia 5 { 
Malaise 7 Paresthesia 6 3 
GASTROINTESTINAL somnolence 8 9 
Anorexia 8 RESPIRATORY 
lb 18 Dyspnea 5 3 
pepsia 4 

GI Pain 19 Rash 7 15 
ori 18 | SPECIAL SENSES 

Taste Perversion 5 8 





Clinical adverse events which occurred in less than 5% of all patients treated with zidovudine are liste 
below. Since many of these adverse events were seen in placebo-treated patients as well as zidovudii 
recipients, they may not be attributable to the drug. 
Body as a whole: body odor, chills, edema of the lip, fiu syndrome. hyperalgesia. back pain, chest pat 
lymphadenopathy. 
Cardiovascular: vasodilation. 
Gastrointestinal: constipation, dysphagia, edema of the tongue, eructation, flatulence. bleeding gum 
rectal hemorrhage, mouth ulcer. 
Musculoskeletal: arthralgia, muscle spasm, tremor. twitch. 
Nervous: anxiety, contusion, depression, emotional lability, nervousness. syncope. loss of men 
acuity, vertigo. 
Respiratory: cough, epistaxis, pharyngitis, rhinitis, sinusitis, hoarseness. 
Skin: acne, pruritus, urticaria. 
Special senses: amblyopia, hearing loss, photophobia. 
Urogenital: dysutia, polyuria, urinary frequency. urinary hesitancy. 
DOSAGE AND ADMINISTRATION: The recommended starting dose of Retrovir (zidovudine) is 200 mg (fv 
100 mg capsules} administered orally every four hours around the clock. 
Hematologic toxicities appear to be related to pretreatment bone marrow reserve and to dose and durati 
of therapy. Careful monitoring of hematologic indices every two weeks ss recommended to detect serio: 
anemia or granulocytopenia. fn patients with hematologic toxicity, reduction in hemoglobin may occur 
early as 2 to 4 weeks, and granulocytopenia usually occurs after 6 to & weeks. 
Dose Adjustment: Significant anemia (hemoglobin of <7.5 g/dL or reduction of > 25% of baseline) and: 
significant granulocytopenia (granulocyte count of < 750/mms or reduction of >50% from baseline} m 
require a dose interruption until some evidence of marrow recovery is observed. For less severe anemia 
granulocytopenia, a reduction in daily dose may be adequate. In patients who develop significant anem: 
dose modification does not necessarily eliminate the need for transfusion. If marrow recovery occu 
following dose modification, gradual increases in dose may be appropriate depending on hematolo, 
indices and patient tolerance. 


References: 1. Fisch! MA, Richman DD. Grieco MH, et al: The efficacy of azidcthymidine (AZT) in t 
treatment of patients with AIDS and AIDS-related complex: A doubie-blind, placebo-controlied tri 
N Engl J Med 1987:317:185-191. 2. Acquired immunodeficiency Syndrome (AIDS) Weekly Survetilan 
Report: United States Reported to COC, July 9-12, 1987. 3. Yarchoan R, Brouwers P, Spitzer AR, et 
Response of human-immunodeficiency-virus-associated neurological disease to 3’ -azido-3 -deo 
thymidine. Lance? 1987: 1:132-135. 4. Data on fle, Burroughs Wellcome Co. 
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Now THE Way Is CLEAR FOR 
You Io PROVIDE LEUKOPOOR PLATELETS 





WiTH [HE CUTTER 
LEUKOTRAP’ PLATELET POOLING SYSTEM. 


Now, leukopoor platelets can 
be routinely used for treatment 
of patients on platelet therapy 


to reduce or eliminate leukocyte- 


associated transfusion reactions. 
Leukotrap is the first commer- 


cially available system for routine 
production of leukopoor platelets. 


MOST EFFICIENT METHOD 
The Leukotrap System removes 


90% of leukocytes and residual red 


cells with only 10% platelet loss. 





l cukotrap™ Pi willing Bae 


N | 
i Ipit fed 


procedure with leuke 
uadi red 


cells trapped in the pouch 


Cutter 


A Diveseon of Miles Laboratories © 1989. Mile 


Lab 


SIMPLE, FAST PROCEDURE 
The Leukotrap System requires 
minimal technician time and a 
standard centrifuge. 

Provide a better platelet prod- 
uct...with the Leukotrap Platelet 
Pooling System. 

For more information, contact 
your Cutter Biological Represen- 
tative or call our Professional 
Services Dept. at (800) 527-7200: 


in CA (800) 527-7222. 
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“For 

DNA analysis 

of tumor cells, CVs 

are very important. 

If you don’t have good 
‘Vs, you sometimes can't 
distinguish between 
normal and 

malignant cells: 





Peter Keng, Ph.D. 

Associate Professor of Radiation Oncology 
University of Rochester 

School of Medicine and Dentistry 

Dr. Keng was interviewed and photographed 

June 23, 1987, at his laboratory in the Cancer 

Center at Rochester, New York. 


Theres no substitute | 
for experienci 


And productive 


multi-user environments 
“There's nothing like Profile’s 
. s: convenience for a multi-user 
Ahy a facility such as ours where speed 
| and ease of use is so impor- 
“We are investigating cell tant. With 20 to 30 researchers 
Dr. Peter Keng of the cycle kinetics of human using one analyzer, set up akc 
University of Rochester tumors treated with radiation and execution are very rapid. OUNErS Supenor 
School of Medicine and and chemotherapy. In order — The software allows one Service 
Dentistry, New York, to have a good analysis of the to enter the sample name and “I would rate Coulter servi 
heads the Cancer Center percentage of G,,S,G,/M protocol as well as analyze the best among all the flow 


ceils, you must have good the data in a few easy steps. cytometry companies. They 
CVs. In the past, we've always Profile doesn’t intimidate people. always respond very positiv 
obtained excellent CVs with Once you use Profile, you feel and do everything to servic 


flow cytometry laboratory 
where his primary 


weresearch consists of DN : | = 
apts a pr nad a bh our EPICS® V: but with comfortable with it. the instrument in the shorte 
ysis mors. > Profile, they are even better’ It really increases productivity” possible time. Because of ov 
recent interview, Dr. Keng past experience with Coult 


discusses the advantages of 
the EPICS® Profile clinical 
flow cytometry analyzer 
from his experience 

in terms of the particular 
needs and applications 

of his laboratory 


we know we can take servi 
for granted” 


Propidium iodide stained nuclei from 
a dissociated human hepatoma tumor. 
Region 1: Normal Resting Cells (G/G 
Region 2: Aneuploid (malignant) 
population (G,/G,) 

Region 3: Mitotic cells from malignant 
population (G,/M) 


Over 100 Profile instruments delivered 
worldwide since January, 1987 








We invite you to experience Profile 
for yourself. For a demonstration or 
more information, call toll free 
1-800-ME EPICS (800-633-7427), 


extension 4866 and ask for Mary 





“OULTER 
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f Coulter Corporation 





Formation of B-lymphocytes and 
other blood cells in tissue. 





For | I P Patients 


GAMIMUNE N 


Immune Globulin Intravenous 
(Human) 5%(in 10% Maltose), pH 4.25 


For patients with acute and chronic idiopathic thrombocytopenic 
purpura (ITP), maintaining normal platelet levels may be a life- 
threatening problem. They often need fast, aggressive therapy that 
will elevate platelet counts rapidly. They need Gamimune” N. 











IGIV treatment with Gamimune* N may effect a therapeutic 
increase in platelets in both children and adults with ITP and, 
in some cases, allows the possibility of major surgery.’ In one 
study, 62.5%(10 of 16) adult patients and 83.3% (5 of 6) 
pediatric patients demonstrated a substantial response to an 
initial course of therapy with Gamimune’ N.*' 


Oy 


Gamimune” N contains at least 98% gamma globulin and is the 
only ready-to-use liquid IGIV available. Cutter’s patented fraction- 
ation method (based on Cohn-Oncley methods 6 and 9) assures 
Gamimune”® N contains no heterologous proteins, with no 
detectable levels of protein aggregates or vasoactive enzymes. 
And studies show in vitro inactivation of HIV (HTLV-II virus’ 
during production of Gamimune’™ N. 


Gamimune® N. Enhancing the natural process with fast, 
aggressive therapy for ITP in both children and adults. 


"It is not possible to predict which patients with ITP will respond to therapy 

In patients who respond to therapy, a rise in platelet count is generally rapid (within one 
lo five days), transient (most often lasting from several davs to several weeks), and should 
not be considered Curative 


The Cohn-Oncley process used to produce Gamimune * N has been challenged in vitro wit 

a virus spike of 1 x 10° TCID (Tissue Culture Infectious Doses) of HIV (HTLV-I and found 

to remove and/or inactivate the viral challenge. In addition, Gamimune* N undergoes an 

Incubation step as a final container which has been shown to effect an additional 1 x 10° to 

| x 10" reduction TCID (Tissue Culture Infectious Doses) of HIV (HTLV-II) See adjacent page for brief summar 


of presi nbing iifiormanhon 





CLINICAL PHARMACOLOGY 

Gamimune® N supplies a bread spectrum of opsonic and neutralizing gG antibodies for 
the prevention or attenuation of a wide variety of infectious diseases. As Gamumune™ Nis 
administered intravenously, essentially 100% of the infused IgG antibodies are immed: 
ately available in the recipient's circulation. A relatively rapid fall in serum gG ievel in the 
first week post-infusion is to be expected: this decrease averages 20% of the peak level 
achieved immediately post-infusion and is mainly due to the equaibration of igG between 
the plasma and the extravascular space. The in vivo half-life of Garrumune® N equals or 
exceeds the three week halflife reported for IgG in the literature, but indwidual patent 
variation in half-life has been observed. Thus. this variable as well as the amount of 
immune globulin administered per dose is important in determining the frequency of 
administration of the drug for each individual patient 

The intravenous administration of solutions of maltose has been studied by several 
investigators. Healthy subjects tolerated the infusions well and no adverse effects were 
observed at a rate of 0.25 g maitose/kg body weight per hour In safety studies conducted 
by Cutter Biological, infusions of 10% maltose administered at G 27-0.62 g maltose/kg 
per hour to normal subjects produced ether mild side effects fe.g.. headache) or no 
adverse reaction. Following intravenous administrauons of maltose. maltose was 
detected in the peripheral blood, there was a dose dependem excretion of maltose and 
giucose in the urine and a muld diuretic effect. These alterations were wel tolerated with- 
out significant adverse effects. The highest recommended infusion rate, 0.08 mi/kg 
body weight per minute (see DOSAGE AND ADMINISTRATION). is equivalent to 0.48 gp 
maltose/kg body weight per hour 

The buffer capacity of Immune Globulin intravenous (Human) &% (in 10% Maltose), pH 
4 25—-Gamanune™ Nis 16.5 mEG/L {~ 0.3 mEq protem: a dose of 150-400 mg/kg (3-8 
mukg) body weight therefore represents an acid joad of 0.0495-0.1320 mEg/kg body 
weight. The total buffering capacity of whole blood in a normal individuai is 45-50 mE@/L 
of biood. or 3.6 mEaq/kg body weight. Thus, the acid load delivered in the iargest dase of 
Gamimune™ N would be neutralized by the buffering capacity of whale blood alone. even if 
the dose were infused instantaneously. (An infusion usually lasts several hours} 

in Phase | human studies, no change in arterial blood pH measurements was detected 
following the intravenous administration of Gamimune® N at a dose of 150 mg/kg body 
weight: following a dose of 400 mg/kg body weight in 3/ patients, there were na clcally 
important differences in mean venous pH or bicarbonate measurements in patients who 
received Gamimune® N compared with those who réceived a chemically modified intra- 
venous immunoglobulin preparation witha ph of 6.8. 

In patients with limited or compromised acid-base compensatory mechanisms, consid 
eration should be given to the effect of the additional acid load Gamimune* N might 
present. 

INDICATIONS AND USAGE 

immunodeficiency Syndromes: Garmimune” N is indicated for the maintenance treat. 
ment of patients who are unable to produce sufficient amounts of IgG antibodies. Usage 
of Gamimune® N may be preferred to that of intramuscular immunoglobulin preparations. 
especially in patients who require an immediate increase in intravascular immunoglobulin 
levels, in patients with a small muscle mass, and in patients with bleeding tendencies in 
whom intramuscular infections are contramdicated It may be used in disease states such 
as congenital agarnmaglobulinemia (e. g., X-linked agammagiobulinenia}, common varia 
ble hypogammaglobuliinemia, X-linked immunodeficiency with hyper IgM and in severe 
combined immunodeficiency. 

idiopathic Thrombocytopenic Purpura (ITP): Investigations in both children and adults 
have shown that Garumune” N may initiate a therapeutic increase in the platelet count. in 
clinical studies of Gamumnune* N, five of six (83.3%) children and 10 of 16 (62.5%) adults 
with acute or chronic ITP demonstrated clinically significant increments in the platelet 
count during or following an initial treatment course with Gamimune® N at a dose of 400 
mg/kg body weight daty for five days. The duration of the platelet rise following treatment 
of ITP with Gamimune® N was variable, ranging from several days up to 12 months or 
more. Several ITP patients demonstrated continuing responsiveness over many months 
to intermittent Gamimune” N 400 mg/kg body weight single dose maintenance Courses. 
Two of three children with acute ITP treated with Gamumune® N rapidly went into complete 
remission. However, childhood ITP may respond spontaneously without treatment. Four 
patients with refractory ITP were able to undergo major surgical procedures as a result of 
the rapid rise in platelet count associated with Gamimune” N treatment. 

in addition, one patient with severe thrombocytopenia due to post-transfusion purpura 
(PLM alloummune antibody with platelet anti PL“? specificity} also responded to treatment 
with Gamimune® N, ata dose of 400 mg/kg body weight daily for 5 days. there was a rapid 
rise in the platelet count commencing on the third day of treatment. 

it is presently not possible to predict which patients with ITP will respond to therapy. 
although the increase in platelet counts in children seems to be better than that of adults. 
in clinical situations in which a rapid rise in platelet count is needed to control bleeding or 
to allow a patient with {TP to undergo surgery, administration of immune Globulin intra- 
venous (Human) 5% {in 10% Mattase), pH 4. 25-——-Gamimune® N shouid be considered, in 
patients in whom a response is achieved, the rise of platelets is generally rapid (within 1-5 
days}, transient (most often lasting from several days to several weeks) and shouid not be 
considered curative. in some patients who relapse. a maintenance dose of Gamimune™ N 
administered every several weeks may be of benefit once the platelet count decreases fo 
clinically hazardous levels (see DOSAGE AND ADMINISTRATION). 

CONTRAINDICATIONS 

Garnimune® Nis contraindicated in individuals who are known to have had an anaphylactic 
or severe systemic response to immune Globulin (Human). Individuais with selective IgA 
deficiencies who have known antibody against IgA (antrigA antibody) should not receive 
Gamimune™ N since these patients may experience severe reactions to the IgA which may 
be present. 

WARNINGS 

Gamimune®* N should be admunistered anly intravenously as the invamuscuilar and subcu- 
taneous routes have not been evaiuated. 


GAMIMUNE N 


Immune Globulin Intravenous 
(Human) 5% (in 10% Maltose), pH 4.25 


Gamimure” N may, on rare occasions, Cause a precipitous fall an blood pressure and a 
ciinical pictwre of anaphylaxis, even when the patent is not known to Be sensitive to 
immune Sicbulin preparations. These reactions may be related to the rate of infusion 
Accordingly, the mfusion rate dien under DOSAGE AND ADMINISTRATION should be 
ciosely followed, at least unti the physiman has had sufficient experience with a giver 
patent. The patents vital signs should be monitored cantinuously and careful observa. 
ton made fer any symptoms throughout the entire infusion. Epinephrine shouid be aval: 
abe for the treatment of an acute anaphylactc reaction 
PRECAUTIONS 
General: Ary vial that has been entered shoud be used promptly Partaily used vials 
should be cascarded Do mot use if turbid, Sclution which has been frozen shouid not 
be used. 

Drug interactions: if diution is required, Garnumune* N may be diuted with 5% dextrose 
in water (DE/W). No other drug interactions ar compatibilites have been evaluated. It is 
recommenaed that infusion of Gamimune®™ N be given by a separate ine, by itself, without 
maxing with other intravenous fluids of medications the patient rwg be receiving 
Pregnancy Category C: Anime) reproduction studies Nave oot been cenducted with 
Garumune’? N. itis got known whether Garumune® N can Cause etal harm when adn: 
istered toa Iegnant woman or can affect reproduction capacity Gamimune® N should 
be given to & pregnant woman only if clearly needed. 

ADVERSE REACTIONS 

ina study of 37 patients with mm munodefhiciency syndromes recening Gamumune™ Nata 
monthly dose of 400 mg/kg bocy weight, reactions were seenin ® 2% of the infusions of 
Gamumune” N. Symptoms reported with Garnmune™ N inchided malaise, a feeling of 
faintness, fever chilis, headache, nausea, vorreting, chest hehiness, dyspnea and chest, 
back or hip pain. in addition, miid erythema following infiltration af inmane Gobern intra 
venous (Human) 5% fin 10% Maltose), pH 4.25--Gamumune”™ N at the infusion ste was 
reported in some cases 

in further studies af Garnumune™ Nin the treatment of both adult ang pediatric patients 
with ITP systemie reactions were noted in only 4 of 154 (2.6%) infusions. and aif but ane 
occurred at cates of infusion greater than 0.04 ml/kg body weight per minute. The symp- 
toms reported included chest tahtness, a sense of tachycardia (pulse was 84 beats per 
minute), anc a burning sensation in the head, these symptoms were all mild and transient 
Erythema, pain, phlebitis. or eczematous reactions at the infusion site were also reported 
following infusion of Garmmune™ N to adult ITP patents. These reactions occurred m 
11.6% of the infusions of Gamymune® N and in 43.8% of the adult ITP population. No 
pediatric pawents expenenced focalized reactions af the infusian site 

in the studies undertaken to cate, other types of reactions have not beer reported with 
Garmumune™ N. if may be. however that adverse effects will be sirar to (hose previously 
reported with intravenous and ntratnuscular ummunagliobuln adrunstratioan, Potential 
reacuons, therefore, may also nclude anxiety, flushing, wheezing, abdominal cramps. 
myalgias, arwiralgia, and dizziness, rash has been reported oniy rarely. Reactions to intra 
venous mm mogiobulin tend to be related to the rate of infusion 

True anap wiactic reactions tc Gamimune® N may occur im recipents with documented 
prior histones of severe alergie reactions ta mtrarnuscular immunogiobelin, but some 
patents may tolerate cautiously administered intravenous iromunoglobulin without 
adverse effects Very rarely an araphyiactond réaction may occur im patients with no prior 
history of severe allergic reactions to either intramuscular or intravenaus 
Imm UNO BIOL UN. 

DOSAGE AND ADMINISTRATION 

immunodeficiency Syndromes: The usual dosage of Gamimune™ N for prophylaxis in 
mumunodeficiency syndromes B 100-200 mg/kg (2-4 mLkg) of body weight admurus- 
tered approrzimatety once a manth by intravenous infusion. if the clinical response is 
inadequate, or the level of IgG achieved in the circulation is felt to be insufficient, the 
dosage may be given more frequently or increased as high as 400 mg/kg (8 mL/kg) 
body weight 

idiopathic Tarombocytopenic Furpura: An increase in platelet count has been observed 
in children aad some adults with acute or chroruc ITP recenving Garnimnune™ N, 400 mgikg 
body weight daily for five days. A response usually occurs within Several dars and is meti- 
tained for a yariable period of time. in general a response iS seen less often in adults than 
in children. Ia patients who have shown a response, a maintenance dose af Ganumune® N 
of 400 mg/kg body weight adrenistered as a single dase every several weeks may be of 
benefit once the platelet count decreases to cknically hazardous ievels. 

investigatrans indicate that Gamimune”™ N is well-tolerated and less likely to produce 
side effects when infused at the indicated rate. it is recommended that Gamumune” N be 
infused by itself at arate of 0. OT to 0.02 ml/kg body weight per minute for 30 minutes, if 
well tolerate 7, the rate may be gradually increased to a maximum of 0.08 miig body 
weight per minute. If side effects occur, the rate may be reduced, or the snfusion inter. 
rupted until symptoms subside The infusion may then be resumed at the rate which 1s 
comfortable for the patient. 

Parentera: drug products should be inspected visually for particulate matter and discol 
oration prior fo administration, whenever solution and container perrrut, 
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. your col a in pam offersthe ii selection anywhereot monoclonal ar - 
edifice on ences 1 and 2, tumor necrosis factor, interferons beta and gamma, and granulocyte- 
e colony timulating factor. And for most of these, we provide two or three different MAbs, w 
nt functional properties—providing the flexibi 7 ; research application. 





You don't have to move mountains to make a difference 
on this earth. 





3y leaving even the smallest legacy to the American 
Cancer Society in vour will, vou can leave 
a loving and lasting impression on life. AMERICAN 





And giving life is the greatest way of CANCER 
leaving vour mark on it. 
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Soluble T8/CD8: A New Assessment 
of T8/CD8+ Cell Function 


CELLFREE° T8 Test Kit“ CELLFREE®—The Tool of 


Future Immune System Discoveries 


Soluble T8/CD8 Released Upon Activation Products like the CELLFREE® T8 and Interleukin-2 Recepto 
E Activated T8/CD8 + cells release the T8/CD8 ‘Test Kits are providing the tools needed for future immune 
protein into serum or supernatants system discoveries. 
@ First identified by Fujimoto et al. in 1983.) AS eas adu A _ 
E Soluble T8/CD8 is a homodimer of mw = 52kD®;  CK1040 CELLFREE® T8 Test Kit, 96 Tests 


surface molecule.) a AAE — | 
10 kD smaller than the cell surface molecule CK1020 CELLFREE® Interleukin-2 Receptor Test Kit, 96 Tests 


| TAIOS! Idenu-T' BFI Monoclonal Antibody to 














60 | Human T Cell Antigen Receptor, 50 Tests 
Sere A | AA1007 ACT-T-SET® VLA-1 Purified Antibody, 100 Tests 
Soluble T8CD@ T8/CDB + HLA- 50 
(Wir) (Enzyme DR + Lympho- | AA2007 ACT-T-SET" VLA- FITC Conjugated Anti- 
Immunoassay) cytes asa Percent | 4o | body, 100 Tests 
of Total Lympho- 7 l 
cytes (Dual Color | Z AA1009 ACT-T-SET* IL-2R Purified Antibody, 100 Tests 
Immunofluores- Ja O 
cent Analysis} e AA2009 ACT-T-SET® IL-2R FITC Conjugated Anti- 
T0 K body, 100 Tests 
| > | AALLON ACT-T-SET* TLISALI Purified Antibody, 190 Tests 
| AA2ZO1L1L ACT-T-SET® TLiSAL FITC Conjugated Anti 
9 body, 100 Tests 
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Correlation of soluble CD8 with CD8 + HLA-DR + T Lymphoctyes 


i l. Fujimoto, Jo etal.. Spontaneous Release of the Leu-2 T8: 
(Patient E) (3) } peeks pontaneous Release of the Leu 





Molecule from Human T Cells, J. Exp. Med., 189: 752-766, 19% 
A Measure of T8/CD8 + Cell Activation 2. Pui, C.H., etal., submitted. 
m In disseminated disease, soluble T8/CD8 has been 3. Tomkinson, B., er al., Released CD8 Levels in Immune Activati 
; : aii in press. 
shown to vary with the number of activated T8/ aaa aa a e e e e e e a me ae e e e e e e e e e: 
CD8 + cells in peripheral blood as measured by Please send me a technica! information package on soluble T cell me 
HLA-DR (3). ers and the CELLFEREE® m T8 Test Kit, _. Interleukia-2 
eee, peas Receptor Test Kit or a Antibody, My area of interest is: emph 
m Levels of soluble T8/CD8 parallel the decline of T8/ ticular malignancy, —WW. immunodeficiency syndromes. viral infec 
CD& + HLA-DR + cells during the resolution of Hons, _.. transplantation, se autoimmune disease, 
disease (3). one Pe 
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@ Measurement of soluble T8/CD8 may lead to a bet- 
ter understanding of T8/CD8 + suppressor/cyto- NAO cect teaser etl’ SIONS. 
toxic T cell activity. 
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C E ees See? o 
Measure T8/CD8 with the CELLFREE® T8 Test Kit SHEED: 


@ An easy-to-use enzyme immunoassay. Phone: —_——________ 
Mail to: 

Technical Service Department 
E Reliable, consistent performance with fresh or fro- T Cell Sciences, Inc. 


‘ ; ; l , 5 S40 Memorial Drive 
zen serum, plasma, or cell culture supernatants. Cambridge, MA 02139 


E Performed in microtiter wells. 





M Sample incubation to final result within one work- mmm e] e e e e e e e e e e e o o e I I e 
ing day. Jr ISEL 
a SCIENCES 
FOR RESEARCH USE ONLY. NOT FOR USE IN DIAGNOSTIC Innovations for Immunelog) 


OR THERAPEUTIC PROCEDURES. eee o 
T Cell Sciences, Inc. 840 Memorial Drive.Cambridge. MA 03139 
*Patents Pending 617 1864-0632 + Telex: 9192401560 « FAX: (617) 864-0854 


Radiogenic 
mucositis or 
herpes 
simplex? 


Early intervention can prevent or reduce 

HSV complications 

A high percentage of immunocompromised patients are at risk for 
developing HSV infections. Timely therapy with an antiviral agent 
can avoid the incidence of secondary complications, such as visceral 
dissemination, and prolonged hospital stay. 





Appearances may be deceiving 

Both slides are herpes simplex. In immunocompromised patients, 
mucositis and stomatitis that appear to result from radiation 
therapy or immunosuppression may actually be caused by herpes 
simplex. Differential diagnosis can be problematic, but appropriate 
laboratory tests can aid in the determination. 

There is an effective therapeutic agent available 


ZOVIRAX L.V. stops viral replication, speeds healing, and reduces 
pain. It is effective antiviral therapy for treatment of herpes 
simplex viral infections. 


ZOVIRAX IV 


(acyclovir sodium) 
STERILE POWDER /IV. INFUSION 


When the problem begins with a virus, 
end it with an antiviral. 


Please see following page for brief summary of prescribing information. 


The diagnostic 
challenge in 
immunocompromisec 
patients... 





ZOVIRAX IN. 


acyclovir sodium. 


STERILE POWDER /IV. INFUSION 


ZOVIRAX 1.V. INFUSION (acyclovir sodium) sterile powder 
FOR INTRAVENOUS INFUSION ONLY 


INDICATIONS AND USAGE: Zovirax Sterile Powder is indicated for the treatment of initial and recurrent 
mucosal and cutaneous Herpes simplex (HSY-1 and HSV-2) infections in emmunocompromised adults 
and children. H is also indicated for severe initial clinical episodes of herpes genitalis in patients who 
are not immunocompromised, 

These indications are based on the results of several double-blind, placebo-controlled studies 
which evaluated the drug’s effect on virus excretion, complete healing of lesions, and relief of pain. 


Herpes Simplex Infections in Immunocompromised Patients 

A multicenter trial of Zovirax Sterile Powder at a dose of 250 mg/M every 8 hours (750 mg/Me/day} 
for 7 days was conducted in 97 immunocompromised patients with ore-facial, esophageal, genital 
and other localized infections (50 treated with Zovirax and 47 with placebo). Zovirax significantly 
decreased virus excretion, reduced pain, and promoted scabbing and rapid healing of lesions 123 


Initial Episodes of Herpes Genitatis 

A controlled trial was conducted in 28 patients with severe initial episodes of herpes genitals with 
a Zovirax dosage of 5 mg/kg every 8 hours for 5 days (12 patients treated with Zovirax and 16 with 
placebo). Significant treatment effects were seen in elimination of virus from lesions and in reduction 
of healing times.4 

in a similar study, 15 patients with initial episodes of genital herpes were treated with Zovirax 
5 mg/kg every 8 hours for 5 days and 15 with placebo. Zovirax decreased the duration of viral excretion, 
new lesion formation, duration of vesicles and promoted more rapid healing of all jesions.5 
Diagnosis 

The use of appropriate laboratory diagnostic procedures will help to establish the etiologie 
diagnosis. Positive cultures for Herpes simplex virus offer a reliable means for confirmation of the 
diagnosis. in initial episodes of genital herpes, appropriate examinations should be performed to rule 
out other sexually transmitted diseases. Whereas cutaneous lesions associated with Herpes simplex 
infections are often characteristic, the finding of multinucleated giant cells in smears prepared from 
lesion exudate or scrapings may assist in the diagnasis.§ 





CONTRAINDICATIONS: Zovirax Sterile Powder is contraindicated for patients who develop hypersensi- 
tivity to the drug. 


WARNINGS: Zovirax Sterile Powder is intended for intravenous infusion only, and should not be 
administered topically, intramuscularly, orally, subcutaneously or in the eye. intravenous infusions 
must be given over a period of at least 1 (one) hour to prevent renal tubular damage (see PRECAUTIONS 
and DOSAGE AND ADMINISTRATION). 


PRECAUTIONS: 
General: The recommended dosage, frequency and length of treatment should not be exceeded (See 
DOSAGE AND ADMINISTRATION). 

Although the aqueous solubility of acyclovir sodium (for infusion} is > 100 mg/ml, precipitation of 
acyclovir crystals in renal tubules can occur if the maximum solubility of free acyclovir (2.5 mg/ml at 
37°C in water} is exceeded or if the drug is administered by bolus injection. This complication causes a 
rise in Serum creatinine and blood urea nitrogen (BUN), and a decrease in renal creatinine clearance. 
Ensuing renal tubular damage can produce acute renal failure, 

Abnormal renal function (decreased creatinine clearance) can occur as a result of acyclovir 
administration and depends on the state of the patient's hydration, other treatments, and the rate of 
drug administration. Bolus administration of the drug leads to a 10% incidence of renat dysfunction, 
while in controlled studies, infusion of 5 mg/kg (250 mg/M?) over an hour was associated with a lower 
frequency 4.6%. Concomitant use of other nephrotoxic drugs, pre-existing renal disease, and 
dehydration make further renal impairment with acyclovir more likely. In most instances, alterations of 
renal function were transient and resolved spontaneously or with improvement of water and electrolyte 
balance, drug dosage adjustment or discontinuation of drug administration. However, in some 
instances, these changes may progress to acute renal failure. 

Administration of Zovirax by intravenous infusion must be accompanied by adequate hydration. 
Since maximum urine concentration occurs within the first 2 hours following infusion, particular 
attention should be given to establishing sufficient urine flow during that period in order to prevent 
precipitation in renal tubules. 

When dosage adjustments are required they should be based on estimated creatinine clearance 
(See DOSAGE AND ADMINISTRATION}. 

Approximately 1% of patients receiving intravenous acyclovir have manifested encephalopathic 
changes characterized by either lethargy, obtundation, tremors, confusion, hallucinations, agitation, 
seizures or coma. Zovirax should be used with caution in those patients who have underlying 
neurologic abnormalities and those with serious renal, hepatic, or electrolyte abnormalities or 
significant hypoxia. It should also be used with caution in patients who have manifested prior 
neurologic reactions to cytotoxic drugs or those receiving concomitant intrathecal methotrexate or 
interferon. 

Exposure of HSV isolates to acyclovir in vitro can lead to the emergence of less sensitive viruses. 
These viruses usually are deficient in thymidine kinase (required for acyclovir activation} and are less 
pathogenic in animals. Similar isolates have been observed in 6 severely immunocompromised 
patients during the course of controlled and uncontrolled studies of intravenously administered 
Zovirax. These occurred in patients with congenital severe combined immunodeficiencies or following 
bone marrow transplantation. The presence of these viruses was not associated with a worsening of 
clinical illness and, in some instances, the virus disappeared spontaneously. The possibility of the 
appearance of less sensitive viruses must be borne in mind when treating such patients. The 
relationship between the in vitro sensitivity of herpesviruses to acyclovir and clinical response te 
therapy has yet to be established. 


Drug interactions: Co-administration of probenecid with acyclovir has been shown to increase the 
mean half-life and the area under the concentration-time curve. Urinary excretion and renal clearance 
were correspondingly reduced. Clinical experience has identified no other significant interactions 
resulting from administration of ather drugs concomitantly with Zovirax Sterile Powder. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Acyclovir was tested in lifetime bioassays in 
fats and mice at single daily doses of 50, 150 and 450 mg/kg given by gavage. There was no 
Statistically significant difference in the incidence of tumors between treated and control animats, nor 
did acyclovir appear to shorten the latency of tumors. in 2 in vitro cell transformation assays. used to 
provide preliminary assessment of potential ancogenicity in advance of these more definitive lifetime 
bioassays in rodents, conflicting results were obtained. Acyclovir was positive at the highest dose used 


in one system and the resulting morphalogicaily transformed cells formed tumors when imoculated ik 
immunosuppressed, syngeneic, weanling mice. Acyclovir was segatiwe in another transformation 
system. 

No chromosome damage was observed at maximum tolerated parenteral doses of 100 mg/kg 
acyclovir in rats or Chinese hamsters. higher dases of 500 and 1000 me/he were claslogenic m 
Chinese hamsters. In addition, no achivity was found in a dominant lethal study in mice. In 9 of ll 
microbial and mammalian cell assays, no evidence of mutagenicity was observed in 2 mammalian 
cell assays (human lymphocytes and L51/8Y mouse lymphoma ceils aa vireo! postive responses for 
mutagenicity and chromosomal damage occurred. but only at concentrations at least 25 times the 
acyclovir plasma jeveis achieved in man. 

Acyclovir does not impair fertility or reproduction in mice at oral doses up to 450 mypvke/day. in 
female rabbits treated subcutaneously with acyclovir Subsequent to mating. there was a statistically 
significant decrease in implantation efficiency but no concomitant decrease in litter size at a dose af 
50 mg/kg/day. 

Pregnancy: Teratogenic Effects. Pregnancy Category © Acyclovir was not teratogenic in Ihe mouse 
(450 mg/kg/day, po}, rabbit (50 mg/kg/day, sca of rat (50 me/ke/day. sc}. 

Although maximum tolerated doses were tested m teratology studies, the plasma levels obtained 
did not exaggerate maximum plasma levels that might occur with clinical use of witravenous acyclovir, 

There have been nc adequate and well-controlled studies in pregnant women Acyclovir should be 
used during pregnancy only if the potential benefi justiies the potential risk to the fetus. 

Nursing Mothers: {i 1s aot known whether this drug is excreted in human miik. Because many drugs 
are excreted in human milk, caution should be exercised when Zoveras (acyclovir sodium stenie 
powder is administered to a nursing woman. 


ADVERSE REACTIONS: The most frequent adverse reactions reported dunng controlled chncal trials of 
Zovirax in 64 patients were inflammation or phlebitis at the injection ste tollawing infiltration of the 
LV. fluid in 9 (14.0%), transient elevations of serum creatinine in 3 4.7%). and rash or hives in 3 
(4.7%). Lass frequent adverse reactions were diaphoresis, hematuna hypotension, headache and 
nausea, each of which occurred in | patient (1.6%) Of the 63 patients receiving placebo, 3 (4.8%) 
experienced inflammation; phlebitis and 3 (4.8%) expenenced rash or cching. Hematuna and nausea 
were experienced by placebo recipients at the same frequency. 

Among 5] mmmunacompromised patients, one. a bone marrow transplant recipient with pneumo- 
nitis, developed seizures, cerebral edema, coma and expired with changes consistent with cerebral 
anoxia on postmortem biopsy: another ummunacompramised patient exhibited coarse tremar and 
clonus. 

Additional adverse reactions were reported in uncontrolled tnais The most frequent adverse 
reaction was elevated serum creatinine. This occurred in 9.8 percent of patients. usually following 
rapid (less than 10 minutes) intravenous infusion Less frequent adverse expenences were thrombocy- 
tosis and ptters. each in 6.4% af patients. 

Approxunately 1% of patients recewing intravenous acyclovir have manifested encephalopathic 
changes characterized by either lethargy. oblundation. tremors, confusion, hallucmatians, agitation, 
seizures or coma (see PRECAUTIONS} 


OVERDOSAGE: Overdosage has been reported following administration of bolus myections, or nappre- 
priately high doses, and in patients whose fluid and electrolyte balance was not properly manrtored. 
This has resulted in elevations in BUN, serum creatinine and subsequent renal failure 

Precipitation of acyclovir in renal tubules may occur when the solubility (25 mg/ml in the 
intratubutar fluid is exceeded (see PRECAUTIONS). A sm hour hemodialysis results in a 60% decrease 
in plasma acyclovir concentration. Data concerning peritoneal dialysis are incomplete but indicate 
that this method may be significantly less efficient in removing acyclayir trom the blood. in the event of 
acute renal failure aed anurta, the patient may benefit fram hemodialysis unni rena! functor 1s 
restored (see DOSAGE AND ADMINISTRATION) 


DOSAGE AND ADMINISTRATION: CAUTION — RAPID OR BOLUS INTRAVENOUS AND INTRAMUSCULAR 
OR SUBCUTANEOUS INJECTION MUST BE AVOIDED. 

Dosage: MUCOSAL AND CUTANEOUS HERPES SIMPLEX (HSV-I and HS¥-2) INFECTIONS IN IMMUNO- 
COMPROMISED PATIENTS 5 mg/kg intused at a constant rate over | hour, every 8 hours 
(15 mg/kg/day) for 7 days in adult patients with normal renal funcion In children under 12 years of 
age, more accurate dosing can be attained by infusing 250 mg/Mé at a constant rate over | hour, every 
8 hours (750 me/M?/day} for ? days. 

SEVERE INITIAL CLINICAL EPISODES OF HERPES GENITALIS . The same dose piven above — 
administered for 5 days. 

Therapy should be initiated as early as possible fallowing onset of signs and symptoms. 


PATIENTS WITH ACUTE OR CHRONIC RENAL IMPAIRMENT: Refer to DOSAGE AND ADMINISTRATION 
section for recommended doses, and adjust the dosing interval as indicated in the table below 
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Creatinine Clearance Dose Dosing Interval 
(mimin 17 aM img kg ibours) 
> 50 5 g 
25-56 5 i? 
10-25 5 24 
D-1 25 24 





Hemodialysis: For patients who require dialysis, the mean plasma half-lite of acyclovir dunng 
hemodialysis is apprommately 5 hours. This results in a 60% decrease in plasma concentrations 
following a 6 hour dialysis period. Therefore, the patient's dosing schedule should be adjusted so that a 
dose is administered after each dialysis. 

Method of Preparation: Each 10 mi vial contains acyclovir sodium equivalent to 500 mg of acyclovir 
The contents of the vial should be dissolved in 10 mi of sterile water for imection or bacteriostatic water 
for injection containing benzyl alcohol yielding a nal concentration of 50 mg/ml of acyclovir (pH 
approximately 11). Shake the vial well to assure complete dissolution before measuring and transter- 
ring each individual dose. DG NOT USE BACTERWISTATIC WATER FOR INJECTION CONTAINING PARA- 
BENS. it is incompatible with Zovirax Stenie Powder and may cause precipitation 

References: 1. C.D. Mitchell, ef al, Lancet /(8235). 1389-1392, jun 27. 1981. 2. Wade, ef ai. Ann. 
Intern. Med. 9613). 265-269. Mar. 1982. 3.5.0. Meyers ef af, Am j. Med. 731A} 229-235 jul 20, 1987, 
4. Data on file, Burroughs Welicome Co. 5. A. Mindel. ef al, Lancet BITH. 697-700. Mar 27, 1982. 
6. Z.M. Naib, ef af, Cancer Res. 33.1452. 1463, 1973. 
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A simple comparison of the two printouts 
appearing on these pages should dispel any 
doubts you may have as to which analyzer 
provides you with the most comprehensive 


and understandable WBC differential date 
phocytes, neutrophils, monocytes, eosinophi 
and basophils) in both percentages and abs 


the right, gives you all five white ce (ly 
in school. 


The Coulter” report, on the left, however, 
only provides data on lymphocytes; two 
catch-all categories called mononudear 
cells and granulocytes and (in their own 
words) “the suspected presence of eosit 
philia and basophilia.” We believe youre 


entitled to accurate quantitation, not 
speculative suspicion. 


A Recent Study Defines the Different 


A recent study* compared 71 laborato 
using the Coulter Histogram Differentia 
with 71 laboratories employing the 
TECHNICON H-I system. In both case 
the labs processed, on average, 125 
inpatient samples per day. The labs . 


using Coulter systems reportec 
needed to perform additional manual di 


pe all samples. The labs with the TECHNI 
Coulter Counter’ S-Plus STKR and S-Plus JR 
interpretive Report providing a Histogram 


Differential consisting of lymphocytes, 
mononuclear cells and granuloctyes, in per- 
cent. Note that these three cell classifica- 


tions add up to 100% for the total 
differential. 


system, however, only required m 


TECHNICON H-T system report providing a 
differential consisting of lymphocytes, neu- 
trophils, monocytes, eosinophils and baso- 
phils in both percent and absolute numbers, 
giving a full five-part quantitative 
differential. 


linician Acceptance of Automated 
ifferentials 


Dne of the most interesting findings of the study 
pported that 21% of Coulter system users cite 
physician reluctance to accept an automated 
lifferential as the primary reason why some or 
ll diffs are performed manually in their labs. 
y contrast, only 5% of TECHNICON Hel sys- 
pm users cite that reason. It would seem that 
linicians want their diagnostic results in terms 
ey understand and are comfortable with. 
Ve can't say we blame them. 


hat this all boils down to is that the 
ECHNICON Hel system provides your 
hysicians with a classical full five-part dif- 
srential (and, by the way, an evaluation of 
slatelet and red cell morphology) and 
educes significantly your need to waste Bg 
idditional time and effort on tedious | 
anual review procedures. 


After all, remember why you auto- 
nated in the first place. 


or more information call or write 
echnicon Instruments Corp, — 
jll Benedict Ave., Tarrytown, NY 10591, 
-914-631-8000 in New York, 

800-43l- 1970. 


Fora coinplete report on this important study, : 
-ontact your local Technicon hematology repre- 
tive who will be delighted to present all of 
the study's data. ae 


ECHNICON ; and TECHNICON He a i | e ed trademarks c of f Technicon ins struments: pprporetion. 
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-preparation for all sur- 
face markers in flow 
cytometry represented 
a formidable barrier of 
incubations, centrifuga- 
tions, and numerous 
pipetting and decanting 
steps. Frequently, selec- 
ive cell loss occurred 
uring pipetting and 
ecanting. This tedious 
rocedure remained 
the only major proble- 
matic aspect of flow 
cytometry left 
unresolved. 










The CO 
Q-Prep Workstation* 
does away with com- 
plex, time-consuming, 
error-prone sample 
preparation. Whole 
blood samples are ready 
for flow cytometric 
analysis in just 90 sec- 
onds - compared to the 
Í to 3 hours at present. 








Q-Prep is specifically 
designed to universal 
standardize sample 
preparation methodol. 
ogy for consistently 
reproducible results = 
sample to sample, hists 
gram to histogram, 


laboratory to laboratos 




















LER PRED 4 


“reduced. In addition, 
the uniquely formu- 
lated reagents" are 


added and mixed auto- 


matically by Q-Prep - 
-virtually eliminating 


technique errors. And 


with no decanting or 


aspirations, selective cell 


loss is avoided. 


ndling is substantially 


VOULTER CLONE® 
Monoclonal Antibod- 
ies, EPICS™ Standards 
and Calibrators, 
EPICS® Profile and 
other EPICS® flow 
cytometers, Q-Prep 
completes the only total 
system for flow 
cytometric analysis. 
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COULTER Q: 


Only three simple steps 


Add monoclonal antibody 





To experience sample 
preparation to flow 
cytometric analysis in 








to Q1 ml whole blood sample. just 90 seconds with 
.Place sample into Q-Prep the Q-Prep, call 
workstation for 90 seconds. -800-ME-EPICS 
. Remove prepared sample (1-800633 
from Q-Prep for flow cyto- 4866 and 
metric analysis. 


COULTER 
EPICS DIVISION 
of Coulter Corporation 
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allow persons with hemophilia to focus Specialties can provide convenient, each shipment. Western Medical 

on a brighter future. Where once was a reliable delivery of all major brands of Specialties: Just part of the total-can 
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Hands down... the new family 
of hematology systems from 
Coulter are the best—and the 


safest—ever developed. 
Operator safe. Closed-vial 
sampling means minimal | 


risk. Minimal exposure to 
aerosols and to infectious 
blood disease. Offered to you 
on the new COULTER" ST, on 
the new COULTER JS (with 
automated sample handling), 
and on the top-of-the-line — 
COULTER STKR. The STKR is the finest 666666660060 
example of hands off, walkaway automation po raddd db ode 
to be found in any blood analyzer. p a 











Patient safe. Bar code ID on all specimen 2OOOOOOOOO0E 


tubes keeps patient results in order. = 
No muss, no fuss, no fear of open-vial 
blood exposure, and increased protection | T 
from sample to patient-result mix-up. k 
Plus the many other features you've 


come to expect from Coulter... the leader in Workflow efficiency has been accorded 
laboratory blood analysis systems for almost top priority. The new COULTER system: 

30 years. Today's automated, high-speed totally automate tasks which technologists 
systems have been designed and developed have been doing for years: preparing 

to address today’s lab concerns: increased worklists, identifying specimens, introducing 
costs, decreased budgets, prescribed samles into the analyzer, and matching 
reimbursement, more frequent requests sam dle results to the correct report. This 
for faster and more accurate results. increased automation frees technologists 


for other important lab functions wnicn 
require their professional skills. 
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Abnormality detection. The 


Coulter Histogram Differential / 
with interpretive reporting ee Coulter 


detects all significant a World Headquarters 
abnormalities—with less than Hematology Marketing, PO. Box 2145 
1% false negatives* The Hialeah,FL 33012-0145 USA 

Coulter CBC has the accuracy 

you can count on. And it’s complete. 

COULTER systems detect and report 

abnormalities such as the suspected 

presence of eosinophilia and basophilia. a), 
Plus red cell morphology and a complete | AW 


platelet profile. yy, 7 


COULTER... QUALITY COUNTS! 
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n LESS THAN 4 HOURS. 


This assay is a dynamic break- || 
through in specifically measuring HIV p24 core antigen levels, maxi- 
mizing sensitivity, specificity, and accuracy while enhancing speed and 
convenience. Coulter Immunology is pleased to announce the availability 
of a new microplate HIV Antigen EIA that offers many improvements over 
existing test systems: 


e FASTER TURNAROUND: The Coulter HIV Antigen Test delivers accu- 
rate results in less than four hours. Technologist time is only 40 minutes. 

e SUPERIOR SENSITIVITY: Measures less than 10 picograms. pers m 
liter of core-related proteins, primarily p24. i 


¢ HIGH SPECIFICITY: Monoclonal antibody capture with no cross- 
reactivity with HTLV-I, HTLV-II, Cytomegalovirus, Herpes Simplex | or H, 
Epstein-Barr virus, Legionnaires, Toxoplasmosis, Rheumatoid Factor, or 
Bilirubin. 

e CHOICE OF SPECIMENS: Plasma, serum, or culture fluid with equal 
sensitivity. 

¢ EASIER TO RUN: Color-coded reagents minimize pipetting error and ~ 
allow internal and ongoing QC of test performance. 


e FLEXIBILITY/ECONOMY: Removable 8-well strips permit assays of 
8 to 96 wells per run. Therefore, one can perform 12 separate runs using © 
just one plate. 
«MORE SAFETY FEATURES: Employs non-infective sonified, deter- 
gent detoxified HIV. Lyse reagent detoxifies virus in sample during first 
step of procedure. 

For more information about the Coulter HIV Antigen EIA 
(96-well microplate Kit), call us at 1-800-327-3778 (in Florida, 1-800-327- 
6531, Ext. 6880). Coulter Immunology, the company with the broadest 
line of human-specific cell surface monoclonal 


antibodies, provides solutions to investi- COULT : R 
gations of the most pressing problems & inf 


of the medical community. HAS THE SOLI . — 
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The 5q— Abnormality 


By Stephen D. Nimer and David W. Golde 


OSS OF A PORTION of the long arm of chromosome 5 
is seen predominantly in therapy-related myelodysplas- 
tic syndromes and acute leukemias, as well as in a unique 
clinical disorder known as the 5q— syndrome. Recently, 
many growth factor and growth factor receptor genes have 
been localized to the long arm of chromosome 5, and several 
of these genes have been found to be deleted in patients with 
a Sq— chromosomal] abnormality. These findings raise the 
possibility that alteration of expression of these genes may 
play a pathogenetic role in these hematologic disorders. In 
this review, we discuss the clinical and molecular biological 
findings associated with the 5q — abnormality. 


THE 50— SYNDROME 


Three patients with long-standing idiopathic refractory 
anemia and an interstitial deletion of the long arm of 
chromosome 5 were first described by van den Berghe et al in 
1974.' Two additional patients were reported in 1975,’ and a 
new hematologic syndrome was established, the 5q— syn- 
drome. Scores of patients with refractory anemia and a 5q— 
chromosomal abnormality have since been reported,*® and a 
distinct clinical entity has emerged. Although deletions of 
the long arm of chromosome 5 have been seen in a variety of 
clinical settings, ® patients with the 5q— syndrome share 
similar morphologic, cytogenetic and clinical features. Pre- 
cise diagnostic criteria for the 5q- syndrome have not been 
established. But patients typically present with refractory 
macrocytic anemia, an interstitial deletion involving the long 
arm of chromosome 5, and morphologic abnormalities of 
their megakaryocytes. 

The first five patients reported with the 5q~— syndrome 
ranged in age from 32 to 80 years old, and included four 
women and one man, Three had splenomegaly, and all 
presented with complaints related to their anemia.'? Subse- 
quent patients have had similar characteristics; ie, there is a 
marked female predominance, and the median age of the 
patients is in their mid to late 60s. Splenomegaly is seen in 
~ 25%? 

Considerable variability in both bone marrow and periph- 
eral blood findings have been noted in patients with the 5q— 
refractory anemia syndrome and, depending on the precise 
bone marrow findings, these patients can be assigned one of 
the French-American-British (FAB) subclassifications of 
myelodysplastic syndromes'® as well. Bone marrow cellular- 
ity is usually increased or normal, and there are decreased 
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numbers of erythroid precursors with moderate dyserythro- 
poiesis. Although none of the initial five 5q— patients had 
ring sideroblasts noted in the marrow, patients with the 5q — 
syndrome may have increased numbers of ring sideroblasts, 
and some may be classified as having refractory idiopathic 
sideroblastic anemia (RISA). Occasional patients have a 
slight increase in the number of myeloblasts, but WBC 
maturation is usually normal. Rarely, patients have »5% 
myeloblasts in the bone marrow, and could be characterized 
as having a refractory anemia with excess blasts (RAEB), 
whereas patients without ring sideroblasts or excess myelo- 
blasts would be classified as having refractory anemia (RA). 
The most consistent bone marrow finding in these patients is 
the presence of abnormal megakaryocytes containing small 
nonlobulated nuclei. Nearly all patients have abnormal 
megakaryocyte morphology, and most have an increased 
number of megakaryocytes as well. 

Blood smears reflect the abnormalities seen in the bone 
marrow. Aniso- and poikilocytosis of the RBCs is found with 
many macro-ovalocytes. WBC morphology is generally nor- 
mal, but marked platelet anisocytosis is present, with many 
giant platelets. 

Electron microscopy was performed on bone marrow and 
blood from three of the original five patients.” RBCs were 
frequently adherent to one another, and marrow erythro- 
blasts were seen in clusters, with intimate membrane contact 
between cells. Forty percent of neutrophils had an abnor- 
mally high number of primary granules, whereas specific 
granules were rare in both mature neutrophils and differen- 
tiated neutrophil precursors. Megakaryocytes were generally 
small, with nonlobulated round or oval nuclei, and liberation 
of platelets often appeared abnormal. Giant platelets were 
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frequently observed, and although specific granules were 
present, dense granules were frequently absent. 

Few functional studies have been reported on mature 
blood cells from patients with the 5q~ syndrome. Because of 
the consistent platelet and megakaryocyte abnormalities, 
platelet function was assessed in four of the five original 
patients. These patients had normal bleeding times in the 
presence of normal or elevated platelet counts, but platelets 
from three of the four patients demonstrated decreased 
adhesion to glass beads, and all demonstrated decreased 
platelet aggregation in response to collagen and epineph- 
rine.” 

In vitro culture of bone marrow from these patients has 
demonstrated normal numbers of CFU-GM.*"' but mark- 
edly reduced to absent BFU-E colonies.'' This pattern seems 
to reflect the predominant peripheral blood abnormalities 
seen in the patients, namely that of refractory anemia. 

Much interest developed in the 5q— syndrome because it 
represented a defined hematologic syndrome associated with 
a specific chromosomal abnormality. Cytogenetic investiga- 
tions performed on the first five patients with the $q- 
syndrome revealed the consistent deletion of approximately 
two-thirds of the long arm of chromosome 5, without appar- 
ent translocation of the deleted segment, in marrow cells 
cultured without PHA for 24 to 48 hours. The deletion was 
thought to be interstitial, possibly involving bands 5q12-5, 
§q21-3. Additional data from other patients generally shows 
a proximal breakpoint in the region 5q13-q15, and a distal 
breakpoint in region 5q31-33,'? although occasional patients 
with other breakpoints have been reported (a proximal 
breakpoint at q23, a distal breakpoint at q23), and at least 
sixteen patients have been described with a 
del(5)(q31q35).'"!* No cytogenetic abnormalities have been 
reported in skin fibroblasts or PHA-stimulated peripheral 
blood mononuclear cells from patients with the 5q— syn- 
drome, reflecting the acquired nature of the disorder and the 
fact that most circulating T lymphocytes are not part of the 
abnormal clone. 

Although some variability occurs in the breakpoints of the 
5q- chromosomes among different patients, several investi- 
gators have noted that the deleted long arm segments consis- 
tently occurred in the region of the band 5q22-q31, and 
postulated a localized genetic change that could contribute to 
the development or progression of either abnormal or frankly 
malignant cell growth.*!* Recently, various hematopoietic 
growth factor and growth factor receptor genes have been 
localized to the long arm of chromosome 5'°”° in a region 
frequently deleted in patients with a 5q — abnormality. These 
findings have led to speculation regarding a pathogenetic 
role for these genes in the resulting clinical syndromes (vide 
infra). 

None of the first five reported patients developed acute 
leukemia within the observation period of the study (up to 6 
years),’ but subsequent reports from Rowley and van den 
Berghe raised questions about the natural history of patients 
with this chromosomal abnormality.” Both reports 
described patients with 5q — chromosomal abnormalities and 
hematologic disorders that terminated in acute leukemia. Of 
the five patients with acute leukemia reported by van den 
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Berghe,” three were elderly women, including one with a 
prior history of refractory anemia. The other two patients 
were a 59-year-old man with subacute myelogenous leuke- 
mia, and a thirteen-month-old boy with acute myelogenous 
leukemia (AML) and a short prodromal period. Rowley 
reported on five female patients with a 5q— abnormality who 
developed acute leukemia.” These patients all had different 
clinical histories, including one patient with agnogenic 
myeloid metaplasia, and one with multiple myeloma. Thus, 
these patients did not share a clinical syndrome, but rather a 
common chromosomal abnormality. In addition to deletion 
of the long arm of chromosome 5, all ten patients had 
additional chromosomal abnormalities that occurred at an 
unknown time in their clinical course. Patients with the 
classical 5q— syndrome have the 5q— chromosomal anom- 
aly as an isolated abnormality’*"’; thus the ten patients who 
developed leukemia were both clinically and karyotypically 
different than patients with the “Sq— syndrome.” Conclu- 
sions about the natural history of the 5q — syndrome cannot 
easily be made from patients with variant clinical and 
cytogenetic findings. The presence of a 5q-- abnormality ina 
patient with acute leukemia does not establish the existence 
of an antecedent 5q— syndrome. 

Patients with the characteristic 5q — syndrome have been 
reported to develop acute leukemia,”’** but the presence of 
the 5q— chromosomal deletion by itself, in a patient with a 
refractory anemia, does not appear to be associated with a 
high likelihood of subsequent acute leukemia (possibly 5% to 
10%). In a 1983 review of 24 patients with an isolated 5q — 
chromosomal abnormality and refractory anemia, only three 
developed acute leukemia.” Patients with a Sq ~ deletion who 
either have additional chromosomal abnormalities at presen- 
tation, or who evolve chromosomal abnormalities in addition 
to an isolated 5q- deletion, appear to have a higher likeli- 
hood of evolution to acute leukemia than do patients with an 
isolated 5q — abnormality,” but a definitive statistical anal- 
ysis proving this has not been done. 

Management of patients with the 5q— syndrome is sup- 
portive. Since these patients do not generally manifest leuko- 
penia, they are not unduly susceptible to infections. Their 
platelet counts are normal or elevated, and despite the 
reported abnormal in vitro platelet function tests, they do not 
experience abnormal bleeding nor unusual thrombotic epi- 
sodes. Thus, the major manifestation of this syndrome relates 
to the refractory anemia and the need for RBC transfusions. 
The severity of the refractory anemia varies markedly from 
patient to patient. Some patients have not required transfu- 
sions during several years of follow-up, whereas others 
require frequent and regular transfusions to prevent the 
symptoms of anemia. Patients receiving repeated red cell 
transfusions are at risk for the infectious complications of 
blood transfusions, as well as iron overload. Subcutaneous 
administration of desferoxamine, an iron chelating agent, 
should be instituted in those patients requiring frequent 
transfusions. 

Syngeneic bone marrow transplantation was performed 
for a 29-year-old man with a 5q — refractory anemia and tron 
overload, and was successful in eradicating the 5q— clone 
and allowing successful treatment of his iron overload.” 
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THE 50-—ABNORMALITY 


5Q— AND DE NOVO AML 


Adult AML is associated with chromosomal abnormalities 
in 50% to =90% of the cases.” Approximately half of these 
patients have a mixture of normal and abnormal metaphases, 
whereas half have only abnormal metaphases. In one large 
survey, 85 of 496 patients with de novo AML had abnormali- 
ties of chromosome 5 and, in approximately half of these 
patients (47%), this abnormality was a Sq— chromosome.'° 
Unlike the situation of Sq— refractory anemia where the 
5q- is usually an isolated abnormality, most patients with de 
novo AML and a 5q— have additional chromosomal abnor- 
malities, such as trisomy 8, 11, or 21, or monosomy 7 or 17.” 

The Fourth International Workshop on Chromosomes and 
Acute Leukemia reported 660 patients with de novo AML 
and 50 patients (7.6%) had abnormalities of chromosome 5 
(monosomy 5 or 5q—), with or without abnormalities of 
chromosome 7. The 29 patients with isolated abnormalities 
of chromosome 5 had a poor prognosis; only 28% achieved 
complete remission after aggressive induction chemotherapy. 
The median duration of remission was 4 months, and the 
overall median survival of these patients was 4 months, 
significantly worse than patients with other chromosomal 
abnormalities or those without chromosomal abnormali- 
ties.” 

In several studies, patients with a history of occupational 
exposure to potential carcinogens have been shown to have a 
higher incidence of chromosomal abnormalities in their 
leukemic cells than those without such a history. An associa- 
tion between abnormalities of chromosomes 5 and 7 in 
patients with de novo ANLL and a significant history of 
occupational exposure was first noted by Mitelman et al,” 
and follow-up studies (Brandt et al in Lund, Sweden” and 
Golomb et al at the University of Chicago)” have confirmed 
this association. Combining their studies, 68 of 236 patients 
with de novo AML gave a history of significant exposure to 
chemicals, petroleum solvents, pesticides, or industrial 
metals. Abnormal karyotypes were noted in 75% of the 
exposed patients (51 of 68), compared with 36% in the 
nonexposed patients (60 of 168) (P < .05). Abnormalities of 
chromosomes 5 and 7 were seen in 37% of the exposed 
patients, compared with 12% in the nonexposed patients, 
again, a significant difference. In these studies, these specific 
chromosomal abnormalities were not prognostically different 
than other chromosomal abnormalities occurring in patients 
with de novo acute leukemia, which contrasts to the findings 
of the Fourth International Workshop on Chromosomes and 
Acute Leukemia.” 


CHROMOSOME 5 ABNORMALITIES AND 
THERAPY-RELATED AML AND 
MYELODYSPLASTIC SYNDROMES 


The occurrence of acute myeloid leukemia in patients who 
have been treated with chemotherapy and/or radiotherapy 
for other malignant diseases has been increasing, probably 
reflecting our improved success at prolonging survival with 
these therapies. Patients with Hodgkin’s disease, non-Hodg- 
kin’s lymphoma, multiple myeloma, and ovarian carcinoma, 
as well as other malignancies, are at increased risk for the 
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development of acute leukemia.*'’ As reported by Rowley et 
al in 1981 and recently updated in 1986, patients with 
therapy-related acute leukemia or therapy-related myelodys- 
plastic syndrome commonly have a clonal abnormality of 
chromosome 5 and/or 7 consisting of loss of all or part of the 
long arm of the chromosome.” Fifty-five of the 63 patients 
studied had such an abnormality (87%), and 31 of those 55 
patients had either loss of chromosome 5, or the 5q—. In 
contrast, only ~16% of patients with de novo AML have loss 
of the long arm of chromosome 5 or 7. The difference 
between de novo acute leukemia and therapy-related acute 
leukemia was further supported by the observation that only 
one of 63 patients with therapy-related acute leukemia had a 
t(15;17) or t(8;21) translocation, two translocations com- 
monly seen in patients with de novo acute leukemia. 

In this study, 14 patients lost one copy of chromosome 5, 
whereas 17 patients had an interstitial deletion of the long 
arm of chromosome 5 (5q— ). No association of this chromo- 
somal abnormality or any other cytogenetic abnormality was 
seen with regard to the sex or age of the patients, in contrast 
to the predominantly elderly female population of patients 
with 5q— syndrome. No significant association was seen in 
this study between the type of primary therapy (ie, chemo- 
therapy, radiotherapy, or combined modality therapy), and 
the occurrence of the 5q— abnormality. Survival of all 
patients was poor, with no correlation between median 
survival and the presence of any particular chromosomal 
abnormality. 

Abnormalities of chromosome 5 were more frequent in 
patients with therapy-related myelodysplastic syndrome 
than in those with therapy-related AML and no preleukemic 
phase. The presence of a 5q— abnormality in a patient with 
therapy-related myelodysplastic syndrome, however, was not 
helpful in predicting whether the patient would evolve thera- 
py-related AML. 

Some have suggested that abnormalities of chromosomes 5 
and/or 7 may be related to the form or intensity of therapy 
given for the primary disease.**’ For example, Arthur and 
Bloomfield found, by combining their study of 20 patients 
with 66 previously published cases, a significantly higher 
incidence of abnormalities of chromosomes 5 and/or 7 in 
patients who received combination chemotherapy (23 
agents) or combined radiotherapy and chemotherapy, com- 
pared with patients who received radiotherapy alone, or 
single-agent chemotherapy alone.” Pederson-Bjeergard et 
al? suggested that characteristic karyotypic abnormalities 
could be identified in patients with therapy-related leukemia 
if one looked at those who had had a preleukemia phase, 
received chemotherapy, and became leukemic 30 to 60 
months after the start of therapy. They suggested that 
karyotypic abnormalities occurring in other settings, such as 
after radiation therapy alone or after <24 months or >60 
months after the start of primary therapy, occurred with no 
greater frequency than those occurring in patients with de 
novo acute leukemia. They, as well as others, have noted the 
more frequent occurrence of abnormalities of chromosomes 5 
and/or 7 in patients receiving combination chemotherapy or 
combined modality treatment, but it appears as though these 
karyotypic abnormalities can be seen in therapy-related 
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myelodysplastic syndromes or therapy-related acute leuke- 
mia, regardless of the type or intensity of primary therapy. 
As a rule, patients with therapy-related leukemia do quite 
poorly; therefore, the presence of a 5q-—- abnormality cannot 
be shown to be of prognostic significance in this setting. 


THE 5q- ABNORMALITY IN OTHER DISORDERS 


In addition to its occurrence in patients with the 5q- 
syndrome or AML, the 5q-deletion has also been reported in 
patients with a variety of myeloproliferative disorders. The 
5q- abnormality has been found in patients with polycy- 
themia vera,® and occasionally in patients with chronic 
myelogenous leukemia,” essential thrombocythemia,’ and 
myeloid metaplasia.” It has also been reported in patients 
with pure red cell aplasia,*' acute lymphocytic leukemia,” 
and rarely other lymphoproliferative disorders. 


THE 5q- CHROMOSOME 


Certain hematologic malignancies such as Burkitt’s lym- 
phoma and chronic myelogenous leukemia have been asso- 
ciated with specific chromosomal abnormalities: an 8;14 
translocation in Burkitt’s lymphoma, and the 9;22 transloca- 
tion (Philadelphia chromosome) in CML.“ Molecular 
biologic analyses have shown that these chromosomal abor- 
malities result in the translocation of known proto-oncogenes 
from one chromosome to another, which can result in either 
altered regulation of the proto-oncogene (as is the case for 
c-myc in Burkitt’s lymphoma) or in the production of an 
altered gene product (as is the case for the p210-bcr-c-ab/ 
fusion product in CML).** It had long been postulated that 
abnormal chromosome patterns could be intimately asso- 
ciated with the malignant phenotype of the tumor cell, and 
now it is possible to link characteristic chromosomal abnor- 
malities with specific alterations in the genes localized to the 
involved regions. 

The association of an interstitial deletion of the long arm 
of chromosome 5 with a specific hematologic syndrome has 
prompted an investigation into what genes are located on the 
long arm of chromosome 5, and what role they may play in 
the resultant clinical syndrome. 

As seen in Table 1, a variety of hematopoietic growth 
factor and growth factor receptor genes have been localized 
to the long arm of chromosome 5. Among these genes are the 
genes encoding three of the four myeloid colony-stimulating 
factors, as well as the genes encoding the PDGF receptor,” 
the 82 adrenergic receptor,” endothelial cell growth factor,” 


Table 1. Genes Localized to the Long Arm of Chromosome 5 





GM-CSF 5q21-32,'° 5423-31" 
iL-3 §q23-31'* 

PDGF receptor 5q3 1-328 
82-adrenergic receptor 5q3 1-32 

c-fms 5q33.2-33.3'77° 
M-CSF §q33.17° 

ECGF §q31.3-33.2” 
Dihydrofolate reductase 5qi1-22*’ 
Glucocorticoid receptor 5q11-13” 


The diphtheria toxin sensitivity, aryisulfatase B, chromate resistance 


and emetine resistance genes have also been localized to 5q. 
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the glucocorticoid receptor,” dihydrofolate reductase,” and 
other genes as well (Table 1). Colony-stimulating factors 
were initially identified, based on their ability to promete the 
growth and maturation of murine myeloid progenitor cells in 
semisolid media culture. Four distinct murine CSFs were 
isolated and purified, and found to stimulate the prolifera- 
tion of hematopoietic progenitor cells and enhance the func- 
tional capabilities of mature myeloid effector cells (reviewed 
in reference 53). These were named according to the predom- 
inant types of colonies that result when the factor is added to 
normal bone marrow progenitor cells: macrophage colony- 
stimulating factor (M-CSF), which acts on cells of the 
monocyte-macrophage lineage; granulocyte-macrophage 
colony-stimulating factor (GM-CSF), which acts on granu- 
locytes (including eosinophils) and macrophages; granulo- 
cyte colony-stimulating factor (G-CSF), which acts on gran- 
ulocytes; and multi CSF, or interleukin 3 (IL-3), which acts 
on erythroid, megakaryocyte, and a variety of myeloid 
progenitors. The four human counterparts of these myeloid 
CSFs have now been identified and cloned. The genes 
encoding three of these four hematopoietic growth factors 
have been localized to the 5q region, whereas G-CSF has 
recently been shown to be on 17q.” 

The first hematopoietic growth factor gene localized to the 
long arm of chromosome 5 was the gene encoding GM-CSF, 
which is ~2.5 kb in length, and contains four exons. Human 
GM-CSF is expressed in activated but not resting T lympho- 
cytes, and in HTLV-infected T lymphoblast cell lines." 
Tumor necrosis factor or [L-l~stimulated fibroblasts and 
endothelial cells can also express GM-CSF,*** as can stimu- 
lated peritoneal macrophages.” 

Human GM-CSF is a 22,000 dalton (d) glycoprotein that 
stimulates the formation of pure neutrophil, pure eosinophil, 
pure monocyte, and mixed neutrophil/monocyte colonies 
from normal human bone marrow.” Activity on erythroid 
and megakaryocyte colony growth can also be documented 
under certain circumstances." GM-CSF stimulates colony 
formation by the KG-1 and HL-60 leukemia cell lines,” and 
can enhance the function of mature neutrophils, eosinophils, 
and monocytes. In addition to these in vitro activities, in vivo 
activity of GM-CSF has now been demonstrated in both 
monkeys and man.®® Using somatic cell hybrid analysis and 
in situ hybridization, the GM-CSF gene has been localized to 
the human chromosome region 5q21-q32.'° A second group, 
also using in situ hybridization, localized the GM-CSF gene 
to 5q23-31, and reported three patients with 5q-interstitial 
deletions (two with refractery anemia, and one with acute 
myelogenous leukemia) who had deletion of one of their 
GM-CSF alleles.” 

The gene encoding IL-3, or multi-CSF, contains five 
relatively small exons,” and the murine IL-3 gene has been 
located within ~230 kb of the murine GM-CSF gene on 
chromosome 11.°° There is evidence that the human IL-3 
gene, which has been localized to region 5q23-31, is located 
within 10 kb of the human GM-CSF gene.“ IL-3 has effects 
on myeloid, erythroid, and megakaryocyte growth, presum- 
ably acting at an earlier stage in stem cell differentiation 
than does GM-CSF. The biological activities of human IL-3 
are currently being examined, but enhancement of human 
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eosinophil function by recombinant gibbon IL-3 has been 
demonstrated.” Thus far, production of IL-3 has been 
observed only by activated T lymphocytes, implying tight 
regulation of expression of the IL-3 gene. 

M-CSF, or CSF-1, is quite different from the other three 
CSF molecules. It is a homodimer with a mol wt of ~45,000, 
whereas the other CSFs are ~20,000 d monomers. GM-CSF 
and G-CSF are not detectable in serum or urine, but M-CSF 
is readily detected. M-CSF is encoded by a single gene 
consisting of many exons that are distributed over 18 to 22 
kb. The M-CSF gene has been localized to 5q33.1.” Unlike 
IL-3 and GM-CSF, M-CSF is produced by many tissues and 
cells, including fibroblasts, endothelial cells, stimulated 
monocytes, and a variety of malignant cell lines, such as the 
Mia Paca pancreatic cancer cell line.” M-CSF stimulates 
bone marrow progenitors to become mononuclear phago- 
cytes, and also promotes the proliferation of mature macro- 
phages.” 

It is interesting to note that the M-CSF gene and the c-fms 
proto-oncogene are both found on the long arm of chromo- 
some 5, at 5q33-34 by in situ hybridization.’ The c-fms 
gene product appears to be identical to the receptor for 
M-CSF." Thus, both the hormone and its receptor are 
located closely together on chromosome 5. Expression of 
c-fms has been detected in human bone marrow cells and in 
peripheral blood mononuclear cells. c-fms expression is also 
seen in HL-60 cells differentiated towards macrophages (by 
TPA), but not in HL-60 cells differentiated towards neutro- 
phils (by DMSO).'* Time course studies using HL-60 cells 
suggest that expression of c-fms mRNA correlates tempo- 
rally with the development of the differentiated monocyte- 
macrophage phenotype." 

The CSF-1 receptor has been found on monocytes and 
macrophages from many sources, including bone marrow, 
spleen, blood, peritoneal fluid, and the lung.” It mediates the 
effects of CSF-1 or M-CSF, a glycoprotein hormone that 
acts exclusively on cells of the monocyte-macrophage lin- 
eage. M-CSF affects the proliferation and maturation of 
monocyte-macrophage progenitors, and can stimulate the 
production of monokines, including IL-1.” These monokines 
can stimulate production of GM-CSF by fibroblast and 
endothelial cells, and can enhance the activities of a variety 
of growth factors. 


POSSIBLE LINK BETWEEN GROWTH FACTOR GENES 
AND CLINICAL SYNDROMES 


The association of a specific interstitial deletion of the long 
arm of chromosome 5 with either malignant or disordered 
hematopoiesis raises the possibility that the deletion of the 
involved segment is critical to the process of transformation 
and clonal growth.'*'’ Several hypotheses have been offered 
to address the relationship between a specific interstitial 
deletion and abnormal gene expression.” One hypothesis 
suggests that as a result of this interstitial deletion, juxtaposi- 
tion of two critical gene sequences occurs, leading to the 
process of abnormal hematopoiesis. This does not appear to 
be the case for the 5q-abnormality. There is marked variabil- 
ity in both the proximal and distal breakpoints in these 
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interstitial deletions and, although there are several general 
classes of breakpoints, they could not result in the consistent 
juxtaposition of critical genetic elements. Thus, this mecha- 
nism is not likely to be involved in the process of transforma- 
tion. Another hypothesis holds that an interstitial deletion 
within a chromosome affects genes critically involved in 
sustaining normal hematopoiesis. At the moment, the status 
of the GM-CSF, M-CSF, and c-fms genes has been explored 
in patients with 5q — abnormality, and in all instances, only a 
single allele has been found to be deleted. ”™® Several poten- 
tial mechanisms have been proposed to explain how deletion 
of one of two alleles of a hematopoietic growth factor gene 
could result in altered growth of hematopoietic cells.’ One 
involves a dose effect, where cells with only a single copy of a 
gene make an inadequate amount of the gene product to 
allow for normal cell growth. In another scenario, loss of the 
wild-type gene results in the unmasking of a recessive mutant 
allele in a fashion similar to that observed for retinoblastoma 
and Wilms’ tumor. 

There are several obstacles in the way of firmly linking 
abnormalities of growth factor gene expression to the clinical 
syndromes associated with deletions of the long arm of 
chromosome 5. The first is that we are really not sure how 
these factors control the day-to-day production of blood cells, 
nor what signals regulate their synthesis. The second is that 
we do not know which cells are responsible for producing the 
growth factors needed to sustain the ongoing process of 
hematopoiesis. It is likely that multiple factors and a variety 
of cells are involved in the regulation of hematopoiesis, 
including macrophages, T lymphocytes, endothelial cells, 
and various stromal cells. Disruptions in these interactions 
could result in disordered hematopoiesis. 

An additional difficulty in ascribing any particular gene 
abnormality to a resulting clinical syndrome is that, with the 
exception of c-fms, expression of these genes occurs in cells 
that do not have the 5q — chromosomal abnormality. Griffin 
et al reported that GM-CSF mRNA can be detected in as 
many as 50% of leukemia cells cultured in vitro from patients 
with AML,” but it is possible that some in vitro selection of 
GM-CSF-producing leukemia cells is occurring. If in vivo 
expression of GM-CSF by myeloblasts does occur, it would 
more likely be the result of disordered regulation of GM- 
CSF expression than the result of deletion of a single 
GM-CSF allele. 

Of the genes localized to the long arm of chromosome 5$, 
those encoding M-CSF and the M-CSF receptor {c-fms) 
could be implicated most plausibly in the variety of clinical 
findings seen in patients with Sq— abnormality. Simple 
deletion of a single GM-CSF allele or a single IL-3 allele 
would be unlikely to result in the abnormalities of myeloid or 
erythroid cell growth seen in either the 5q— syndrome or 
therapy-related AML. Expression of IL-3 has been demon- 
strated only in activated T lymphocytes, whereas the 5q—~ 
deletion has not been observed in T cells from patients with 
the 5q — syndrome. Similarly, GM-CSF expression has been 
observed only in activated T lymphocytes, and in stimulated 
fibroblasts, endothelial cells, and macrophages. Given that 
the 5q— anomaly is an acquired abnormality of myeloid 
cells, one would not expect fibroblasts (which do not contain 
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a 5q— deletion) or endothelial cells to have abnormal 
GM-CSF expression, although macrophages with a 5q— 
deletion could have abnormal GM-CSF expression. 

Deletion of c-fms in patients with a 5q— deletion has been 
shown by several groups.'’'® All patients have had one copy 
of the c-fms gene present, although its functional capability 
is not known. If the 5q- deletion unmasked an abnormal 
c-fms allele or reduced the number of M-CSF receptors 
below some critical level, the ability of monocytes to respond 
appropriately to M-CSF may be impaired. This could result 
in either cell growth in the absence of growth factors (a step 
towards transformation), or an inability of the cells to 
respond appropriately to their growth factors. Differences in 
the precise molecular defect associated with the 5q — abnor- 
mality could determine which condition occurs. It is also 
possible that M-CSF production is abnormal in patients with 
the 5q— deletion, and the combined abnormalities result in 
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the monocyte’s inability to normally control hematopoiesis. 
Arguing against many of these speculations is the faet that 
granulopoiesis is generally normal in the 5q— syndrome, 
although it is obviously abnormal in AML. 

The process of leukemogenesis is likely a multi-step one, 
and clearly requires more than autonomous growth factor 
production. Alterations must occur that transform the cell 
into an invasive cell unable to mature or regulate its growth. 
As studies looking at the status of these growth facter and 
growth factor receptor genes in specific clinical situations 
continue to be reportec, it may become possible to implicate 
abnormalities of specific genes with specific clinical events. 
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Molecular Analysis of Burkitt’s Leukemia in 
Two Hemophilic Brothers With AIDS 


By G. Rechavi, |. Ben-Bassat, M. Berkowicz, U. Martinowitz, F. Brok-Simoni, 
Y. Neumann, A. Vansover, T. Gotlieb-Stematsky, and B. Ramot 


in two hemophilic brothers infected by the human immuno- 
deficiency virus (HIV), Burkitt's leukemia developed within 
1 year. Both patients were treated by aggressive chemo- 
therapy. and both are still in complete remission for 23 and 
14 months, respectively. Sera from both brothers con- 
tained anti-HIV antibodies. However, DNA extracted from 
the tumor cells, when analyzed by Southern blot using a 
cloned HIV probe, did not reveal HIV-related sequences. 
Hybridization experiments with an Epstein-Barr virus (EBV) 
probe revealed the presence of EBV-specific sequences in 
the tumors’ DNA. In both patients’ tumors rearranged 
c-myc genes were found. The rearrangements occurred in 
both genes 3’ to the third exon of c-myc, thereby suggest- 


ALIGNANCIES LIKE KAPOSI'S sarcoma or lym- 
phoma are known manifestations of the acquired 
immunodeficiency syndrome (AIDS).'’ The B cell lympho- 
mas in these patients are frequently high-grade B cell 
malignancies, involve extra nodal sites, and run an aggressive 
course. Most cases of B cell tumors have been reported in 
homosexuals and drug addicts, whereas only a few have been 
described among hemophilic patients with ATDS.” " 
Hereby, we report two hemophilic brothers with AIDS 
who developed Burkitt’s leukemia within | year. The role of 
viral infections and genetic factors in the evolution of lym- 
phomas in such patients will be discussed. 


PATIENTS AND METHODS 


Patients. Patient no. l is a 16-year-old boy with severe hemo- 
philia A who had been treated for years with factor VIH concen- 
trates. In March 1983 he presented with a rapidly disseminating 
cutaneous and visceral varicella-zoster virus (VZV) infection. He 
had a l-year history of weight loss, cervical lymphadenopathy, 
splenomegaly, and oral candidiasis. In January 1985 the lymphade- 
nopathy progressed and became generalized. Anti-human immuno- 
deficiency virus (HIV) antibodies were first assayed at that time and 
found to be present. A cervical lymph node biopsy specimen taken on 
March 1985 was diagnosed as diffuse small noncleaved (Burkitt's) 
lymphoma. A bone marrow aspirate revealed infiltration by lympho- 
blasts with an L3 morphology that amounted to 30% of the cells. 
Treatment was begun according to a modified National Institute of 
Health protocol 7704. After 2 months of receiving chemotherapy, a 
complete remission was achieved, and treatment was stopped in 
December 1985. He has remained since then in good general 
condition except for recurrent infections. 

Patient no. 2 is a 21-year-old hemophiliac and the elder brother of 
patient | who had also been treated for many years with factor VII 
concentrates. In January 1984, he started to suffer from recurrent 
upper respiratory infections. In April 1985, anti-HIV antibodies 
were first found. Concomitantly, a persistent lymphopenia 
(0.5 x 10°/L) and thrombocytopenia (35 to 85 x 10°/L) were 
observed. In December 1985, he presented with severe skeletal pain, 
and bone marrow biopsy material and aspirates showed heavy 
infiltration by L3 lymphoblasts that amounted to 80% of the cells. 
Computed tomography of the abdomen did not reveal any masses. 
The patient was treated by a modified German Multicenter Trial 
(BFM) protocol for B cell leukemia, and | month later he was in 


Blood, Vol 70, No 6 (December), 1987: pp 1713-1717 


ing that a variant chromosomal translocation took place in 
both cases. Indeed, karyotype analysis of the malignant 
cells of one of the patients revealed the variant t(2:8) 
translocation. in contrast to the majority of Burkitt's 
tumors carrying this translocation, which are « light-chain 
producers, cells of our patient expressed À chains. Further- 
more, in both cases the lymphoblasts carried igG on the 
surface, again an unusual finding in Burkitt's tumors. 
Finally, because both patients had an identical HLA pheno- 
type, the role of genetic factors in the development of such 
tumors should be considered. 
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complete remission. Treatment was stopped after 4 months, and 
since April 1986 he remains in complete remission. An mformed 
consent for bone marrow aspiration and chemotherapy administra- 
tion was obtained from both patients and their parents. 

Methods. Antibodies to HIV were assayed by an enzyme-linked 
immunosorbent method and confirmed by Western blot with a 
commercial kit (Du-Pont, Wilmington, DE) according to the manu- 
facturer’s instructions > Antibodies to Epstein-Barr virus (EBV) 
early antigen (EA) and viral capsid antigen (VCA) were detected by 
an indirect immunofluorescence test.'* Immunophenotyping of the 
tumor cells, HLA typing, and karyotype analysis were perfermed as 
described." DNA was extracted from the tumor cells,” digested 
with the appropriate restriction enzymes, separated according to size 
by electrophoresis in 0.7% agarose, and analyzed bv Southern blot 
hybridization with the relevant radiolabeled probe. *" The c-myc 
probe was the |.4-kilobase (kb) Clal-EcoRI insert of the plasmid 
pMC4!1-3RC containing exon 3 of c-myc.” The EBV probe contains 
the 4.8-kb BamHI K fragment of EBV, which was cloned in oBR 322 
and encodes for the first EBV-associated nuclear antigena. The 
cytomegalovirus (CMV) probe pCM5018 contains the EcoRI] J 
fragment that encodes for the 1.9-kb major immediate early RNA.” 
The VZV probe contains the EcoRI A fragment.’ The herpes 
simplex virus (HSV1) probe (pSG28) contains the EcoRI E to K 
fragments cloned in pBR325.% The probe for HIV was the pPol 
(Du-Pont), derived from the human T-lymphotropic virus HH clone 
ABH10 and contains the 4.9-kb Be/Hl-Bg/Il fragment.” 
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RESULTS 

Antibody assays. Serum samples from both brothers 
were positive for anti-HIV antibodies. Figure | depicts the 
Western blots confirming the serological tests. Both sera 
showed strong reaction with several HIV proteins, but differ- 
ences in the pattern of reactivity could be demonstrated: the 
serum of patient no. | did not react against the gag-gene 
product p17 or against p51.*°”’ The results of determination 
of the titers of antibodies to EBV-EA and -VCA are summa- 
rized in Table 1. The antibody response is consistent with 
reactivation of EBV infection, as can be found in many AIDS 
patients. 

Both patients had antibodies in high titers to CMV, VZV, 
and HSV. 

Immunophenotype analysis. Bone marrow lympho- 
blasts from patient no. | were HLA-DR+, CALLA —, 


My906—, WT1—, OKT3—, OKT4—, OKT6—, OKT8-—, 
OKTI1—, Tac-,y+,u—-,6—,«+ andA~. 
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Fig 1. 
patients. Controf samples are shown on the right. On the left: P1, 
patient no. 1; P2, patient no. 2. Corresponding viral proteins (p) 
and glycoproteins (gp) are shown in the middle. 


Western blot analysis of sera obtained from both 
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Table 1. Titers of Antibodies to EBV-EA and -VCA 


EVB-EA EBY-VCA 
Patient no. 1 
12/22/82 <1:5 4:10 
§/30/83 <1:5 1:10 
3/15/84 <7:5 1:40 
9/12/84 <1:5 1:320 
3/14/85* 1:40 1:1,280 
3/10/86 <1:5 1:80 
Patient no. 2 
12/07/85* 1:20 1:1,286 
3/20/86 1:40 1:640 
11/12/86 1:320 


*At diagnosis of Burkitt's leukemia. 


Bone marrow lymphoblasts from patient no. 2 were 
OKTII—, y+, p~, ð=, K andA+. 

DNA hybridization studies. DNA extracted from the 
tumor cells was assayed by Southern blot analysis using as a 
probe a cloned HIV DNA fragment that contains the pol 
gene. No HIV-related sequences could be demonstrated 
(data not shown). Similarly, Southern blot hybridization to 
CMV, VZV, and HSV probes did not detect hybridizing 
sequences to any of them (data not shown). DNA hybridiza- 
tion with a “P-labeled EBV probe revealed the presence of 
EBV-specific sequences in DNA extracted from the tumors 
of both siblings (Fig 2). 

Figure 3 depicts the Southern blot hybridization to a 
2D.labeled c-myc probe. In both DNA samples extracted 
from the tumor tissues, rearranged c-myc bands were found. 
in the tumor of both siblings, the rearranged c-myc bands 
were found in the Hindili digest but not inthe EcoRI digest. 
The change in the length of the Hindi H-Hindit] c-myc 
fragment without alteration of the EcoRI-EcoRI c-myc 
fragment localizes the breakpoint to the EcoRI-Hind{Tl 
fragment downstream to exon 3 of c-myc (Fig 3, insert). 
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Fig 2. Detection of EBV sequences in DNA samples extracted 
from the patients’ tumor cells. DNA samples were cleaved with 
BamHi, subjected to electrophoresis through 0.7% agarose gel, 
and transferred to nitrocellulose paper. The paper was hybridized 
to a “P-labeled BamK fragment of EBV. Hybridizing EBV sequences 
(arrows) were found in DNA samples from the patients’ leukemic 
cells (P1 and P2) and in three EBV-positive Burkitt s lymphoma cell 
lines (BL1, BL2, and EB3). C1 and C2 are two negative controls. 
Numbers on the right are size markers in kilobases {bacteriophage 
A. Hindi fragments). 
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Fig 3. C-myc rearrangements in DNA samples from the 
patients’ leukemic cells. DNA samples (15 ug) were digested by 
EcoRI (left) and Hindili (right). DNA fragments were separated by 
electrophoresis and transferred to nitrocellulose paper. The paper 
was hybridized to a “P-labeled c-myc probe. Hybridizing bands 
corresponding to c-myc germline genes are marked by dashes. 
Horizontal arrows indicate the rearranged c-myc genes detected 
in Hindili patient no. 1 (rc-myc 1) and patient no. 2 (rc-myc 2). The 
insert at the bottom depicts the restriction enzyme map of the 
human c-myc gene. The black rectangles 1, 2, and 3 correspond to 
exon 1, 2, and 3 of c-myc. Short vertical arrows point to the 
restriction sites of EcoRI and the long vertical arrows to the Hindill 
restriction sites. The interrupted line denotes the Hindill-EcoRl 
fragment that contains the breakpoints in both rc-myc genes. The 
open rectangle illustrates the c-myc probe (Clal-EcoRI fragment 
containing exon 3). 
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Fig4. A representative ka- 
ryotype of a bone marrow 4 6 
tumor cell from patient no. 2. 
The translocated chromosome 
2 and 8 are indicated by 20 
arrows. 19 
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Karyotype and HLA studies. Karyotype analysis was 
performed on the malignant cells of patient no. 2. A variant 
translocation t(2;8) was found (Fig 4), thereby suggesting 
the involvement of the chromosomal loci carrying the immu- 
noglobulin « light-chain genes and the cellular oncogene 
c-myc.” 

The HLA phenotypes of the two affected brothers were 
identical: Al 1, A29, B53, B7, Cw2, Cw4, DR6, DR10. 


DISCUSSION 


The two hemophilic brothers developed AlDS-associated 
Burkitt's leukemia during the same year, and their tumor 
DNA contained EBV genomes and had rearranged c-myc. 
Both patients are still in complete remission 23 and 14 
months, respectively. This favorable response in Burkitt's 
leukemia, especially in immunocompromised hosts, 1s sur- 
prising in view of the usually dismal course of the disease.” 

In AIDS two factors may predispose the patients to B cell 
proliferation: HIV and EBV infections. It has been reported 
that HIV can cause direct B cell proliferation.’ Further- 
more, in some animal tumors, a direct role for the retroviral 
genome in the activation of cellular oncogenes has been 
demonstrated.*** Therefore, we searched for HIV sequences 
in the patient's tumors and were able to confirm the absence 
of HIV genome in the tumors of both patients, as previously 
reported by Groopman et al and Pelicci et al.*”* It seems, 
therefore, that the HIV genome does not contribute directly 
to the malignant transformation. 

On the other hand, the finding of the EBV sequences in the 
tumors suggests a role for this virus in the pathogenesis of 
AIDS-associated B cell lymphomas similar to other immuno- 
compromised hosts.*°” 
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Most Burkitt’s lymphomas analyzed thus far were found 
to carry a rearranged c-myc gene,” and the two tumors 
described here are no exception. In lymphomas carrying the 
classic t(8:14) translocation, the chromosomal breakpoints 
on chromosome 8 are 5’ to the two coding exons (2 and 3) of 
the c-myc oncogenes. In lymphomas carrying the variant 
translocations t(8:22) and (2:8), the breakpoints are 3’ to 
exon 3 of c-myc. Our studies locate the breakpoints at 3’ of 
exon 3 of c-myc, thereby suggesting that in both our patients 
variant translocations are responsible for the c-myc activa- 
tion. Karyotype analysis of the malignant cells of patient 2 
indeed revealed the existence of t(2:8). Such variant translo- 
cations are found only in a minority of Burkitt’s lymphomas, 
and their occurrence in the reported two brothers is interest- 
ing. Cytogenetic studies have been performed only in a small 
number of AIDS-associated lymphomas, and three cases of 
the variant t(8:22) translocation were reported in such 
tumors. Analysis of more lymphomas from AIDS 
patients are necessary to conclude whether the occurrence of 
variant translocations is more prevalent in this group. The 
pattern of antibodies to EBV in our patients as well as other 
immunocompromised hosts is consistent with reactivation of 
a latent virus. In African Burkitt’s patients, tumors develop 
at a young age where the expanded pool of activated B cells 
at risk for c-myc rearrangement is composed mainly of 
{gM-producing lymphocytes. Therefore, the majority of Bur- 
kitt’s lymphomas express IgM.” In the patients with AIDS, 
as expected in secondary response, there is a large pool of 
IgG-transformed lymphocytes, and therefore it is not unex- 
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pected that some of the tumors will be IgG producers as in 
our cases. 

It has been shown by Lenoir et al that Burkitt's tumors 
and cell lines carrying the t(2:8) translocation usually 
express « light chains whereas those with the t(8:22) translo- 
cation synthesize A light chains. It was suggested, therefore, 
that the type of c-myc transposition is in correlation with the 
level of differentiation of the E cell.“ Lymphoblasts of 
patient no. 2 are unusual in that they carry t(2:8) but express 
à light chains. Similarly, Magrath et al reported that the 
lymphoma cells of a homosexua) with AIDS and t(8:22) 
expressed x light chains.“ Taken together, the expression of 
lgG, the possibly higher incidence of variant translocations, 
and the lack of correlation between the type of light-chain 
expression and type of translocation suggest that the 
sequence of events resulting in B cell tumors in these patients 
may be different from that of African Burkitt's lymphomas. 
The two brothers reported on here had an identical HLA 
phenotype, and although this could have been a mere coinci- 
dence, it is tempting to speculate that genetic factors played 
an important role in the infection with HIV” and in the 
evolution of the lymphatic malignancy." 
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Incidence of Aplastic Anemia: The Relevance of Diagnostic Criteria 


By the International Agranulocytosis and Aplastic Anemia Stucy 


The incidence of aplastic anemia was estimated in a 4-year 
study conducted in Israel and seven areas in Europe. Strict 
definition criteria were used, and all data and bone marrow 
specimens were reviewed by a panel of experienced hema- 
tologists. Complete ascertainment of cases was attempted 
by establishing a telephone network including all relevant 
hospitals in the study areas. The incidence of aplastic 


PLASTIC ANEMIA is a rare but serious blood dyscra- 
sia that may be induced by environmental factors such 
as drugs or viral infections. There are only limited data on its 
incidence, which appears to vary according to the period of 
observation and geographic area.’ It is possible that the 
variation is due to genetic differences and to varying preva- 
lences of exposure to potentially myelotoxic agents. How- 
ever, methodological problems such as the completeness of 
case ascertainment or stringency of diagnostic criteria may 
also be responsible for at least some of the differences 
observed. In this paper we report incidence data obtained in a 
multicenter study of agranulocytosis and aplastic anemia 
that was carried out from 1980 to 1984 in Israel and seven 
regions of Europe. The aim of the study was to quantify 
associations among drugs, especially antiinflammatory and 
analgesic agents, and two blood dyscrasias, agranulocytosis 
and aplastic anemia. 


METHODS 


The methods of the study have been described.’ Here the descrip- 
tion is limited to aspects of particular relevance to estimating the 
incidence of aplastic anemia. The study base included the entire 
population of eight defined geographic regions: Ulm, FRG; Berlin; 
Barcelona, Spain; Milan, Italy; Budapest; Sofia, Bulgaria; Stock- 
holm/Uppsala; and Israel. The total population was 20.5 million, as 
determined from census data obtained from official national sources. 
Case ascertainment began in July 1980 and ended in June 1984 (not 
all regions participated for the full 4-year period). 

Efforts were made to identify all cases of aplastic anemia occur- 
ring in the regions. A study center in each region obtained informa- 
tion on potential cases from hospitals within a defined area; these 
hospitals included all clinical institutions known to treat diseases of 
the severity of aplastic anemia. The study centers maintained 
regular liaison with the cooperating hospitals at intervals of no more 
than 2 weeks. In each hospital, an appropriate individual, usually a 
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anemia was estimated to be less than three per million per 
year, a figure lower than previously reported. The most 
likely explanation for the differences among studies is 
variation in diagnostic criteria, which might lead to an 
overestimation of the incidence in some previous studies. 
® 1987 by Grune & Stratton, Inc. 


hematologist or technician, was contacted by telephone to ascertain 
all cases of aplastic anemia. Once notification of a potential case was 
received, a specially trained nurse or physician monitor was sent to 
collect more detailed clinical information and histopathologic speci- 
mens. A consulting hematologist reviewed the information in each of 
the eight regional centers. [f the case clearly did not comply with the 
definition of aplastic anemia as required by the protocol, it was 
excluded locally. All remaining potential cases were reviewed subse- 
quently by the Hematology Review Committee (HRC, see the 
Appendix) using clinical summaries, hematologic data, and micro- 
scopic examination of bone marrow and peripheral blood specimens. 
This panel had no information on previous exposures to drugs or 
chemicals. 

For confirmation of diagnosis, the following conditions were 
obligatory: peripheral blood (at least two of the following three 
criteria); (a) hemoglobin, <100 g/L, or hematocrit, =30%: (b) 
platelets, <50 x 10°/L; and (c) leukocytes <3.5 x 10°/L, or 
granulocytes, <1.5 x 10°/L. For bone marrow to confirm the 
diagnosis, there had to be an adequate bone marrow biopsy specimen 
or histology specimen obtained at autopsy showing the following: (a) 
a decrease in cellularity with the absence or depletion of all 
hematopoietic cells or normal cellularity due to focal erythroid 
hyperplasia with depletion of granulopoietic cells and megakaryo- 
cytes and (6) the absence of significant fibrosis or neoplastic 
infiltration. Cases with pancytopenia due to cytostatic drugs or 
irradiation were excluded. 

If there were equivocal data that did not permit a definite 
diagnosis, the following additional information was sought from the 
local hematologist for second review: follow-up blood counts includ- 
ing reticulocyte counts, subsequent bone marrow specimens, and 
autopsy reports. If one of the two peripheral blood criteria to be 
fulfilled was hemoglobin, <100 g/L, or hematocrit, <30%, a reticu- 
locyte count of less than 30 x 10’/L was required. 

All patients were observed until death, recovery, or bone marrow 
transplantation, or for a period of at least 2 years. 


RESULTS 


There were 315 cases initially identified as aplastic ane- 
mia and four cases originally identified as agranulocytosis 
but subsequently confirmed as aplastic anemia. Of the 319 
potential cases, 34 were clearly misdiagnosed and were 
therefore ruled out by the consulting hematologists at the 
local centers (Fig 1). Among the 285 potential cases 
reviewed by the HRC, 168 were confirmed as definite 
aplastic anemia; nine cases were included even though a bone 
marrow biopsy specimen was not available because at least 
two bone marrow aspirations were typical and all clinical 
data over a prolonged period of observation were compatible 
with the diagnosis. Among the potential cases excluded by 
the HRC were 40 patients in whom a definite diagnosis could 
not be made due to insufficient documentation, in the 
majority due to the absence or inadequate technical quality 
of the biopsy specimen. Seven cases of moderate pancytope- 
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Fig 1. initial diagnosis of aplastic anemia and results of expert 
review. “includes four cases that were diagnosed as agranulocyto- 
sis but confirmed as aplastic anemia. 


nia did not fulfill the minimum criteria; in these patients, the 
bone marrow showed only patchy or borderline hypocellular- 
ity. 

There were 70 potential cases identified as having pancy- 
topenia due to another disease. The largest group (17 cases) 
consisted of pancytopenia with normal or hypercellular bone 
marrow that could not be further classified from the data 
available to the HRC; ten of these were recognized as 
transient pancytopenia on further follow-up. In 13 patients, a 
definite diagnosis of leukemia could not be made, but 
increased cellularity of the bone marrow and morphological! 
aberrations of myelopoietic precursors permitted their iden- 
tification as myelodysplasias that were potentially preleu- 
kemic. Nine cases were identified as aleukemic myeloid or 
myelomonocytic leukemia, usually of an oligoblastic or 
smouldering type. There were seven cases with severe neutro- 
penia and additional anemia or thrombocytopenia; review of 
the bone marrow biopsy specimens, details of clinical presen- 
tation, and subsequent patterns of blood counts revealed that 
the anemia or thrombocytopenia was due to secondary events 
such as bleeding or infection and that the correct diagnosis 
was agranulocytosis or chronic neutropenia. Non-Hodgkins 
malignant lymphoma involving the bone marrow (including 
two cases of aleukemic hairy cell leukemia) was identified in 
six cases. Five cases were determined to have hypersplenism 
or liver disease, and the remaining 13 cases included diag- 
noses such as megaloblastic anemia, chronic renal disease, 
and multiple myeloma, none of which accounted for more 
than three individuals. 

The overall incidence of aplastic anemia, based on the 
total of 166 complete and confirmed cases, was estimated to 
be 2.2 cases per million per year (Table 1). (Data from 
Stockholm / Uppsala are not included in the overall incidence 
rates because clot sections from aspirated bone marrow 
spicules are often taken instead of a core biopsy, thereby 
resulting in a larger proportion of potential cases in that 
region being excluded due to insufficient documentation in 
terms of the study criteria.) The region-specific incidence 
estimates ranged from 0.6 per million in Budapest (based on 
only three cases) to 3.1 per million in Milan. A test for 
heterogeneity in the region-specific rates among the five 
centers contributing at least 18 cases was not statistically 
significant. 
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Table 1. Annual incidence of Aplastic Anemia According to 
Region, July 1980 to June 1984 
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Population interval incidence 
Region {10°} imo} 5 iper 10° /yr}* 

Uim 5.3łł 48 56 2.8 
Berlin 1.8 48 18 2.2 
Barcelona 4.1 48 36 2.2 
israel 3.9 48 21 L8 
Milan 2.3 45t 27 3.4 
Budapest 2.0 3I 3 0.6 
Sofia 1.1 23$ 5 2.6 
Stockholm/Uppsala 1.8 18) 2 me 
Total 20.5# oe _ fier 


*Standardized to the age and sex distribution of the study population. 

tOctober 1980 to June 1984. 

{December 1981 to June 1984. 

§August 1982 to June 1984. 

| January 1983 to June 1984. 

{The incidence was not calculated for Stockhoim/Uppsala for method- 
ological reasons isee the text). 

#The total population does not include Sweden. 

**Caiculated as a population- and time-weighted average of the age- 
and sex-standardized region-specific rates. 

¢tincluding a large region surrounding the city. 


The incidence according to age and sex is given in Table 2. 
The sex ratio for all regions combined was close to unity. 
Among females, the incidence of aplastic anemia increased 
steadily with age to a peak of 6.3 per million above the age of 
60. Among males, the highest incidence was in the 15- to 
24-year-old age group. However, nine of the 22 cases were 
from one military brigade in Barcelona; this result will be 
reported more fully elsewhere. If the latter age group is 
ignored, the incidence in males was highest (3.2 per million) 
over the age of 60 years. No attempt was made to compare 
age or sex-specific incidence rates between the study regions 
due to the limited number of cases. The fatality rate 2 years 
after diagnosis was 49%, 


DISCUSSION 


The overall incidence of aplastic anemia as estimated in 
this study is considerably lower than both incidence and 
mortality estimates obtained from other studies.'°*'' Aoki et 
al! and Hayakawa and Kurihara’ used death certificate 
statistics to compare mortality rates in different regions. 


Table 2. Annual Incidence of Aplastic Anemia 
According to Age and Sex 











Male Ferale 
incidence incidence 
Age (yr) n iper 10°/yr}* n iper 10° /yr}* 
<15 12 1.7 5 0.7 
15-24 22+ 3.5 4 0.9 
25-44 12 ie 18 1. 
45-59 11 1.8 15 2.0 
>60 16 3.2 51 6.3 
Total 73 Zoi 93 2.4 








“Standardized to the regional distribution of the study population, 
¢includes nine cases from Barcelona. 
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High rates for aplastic anemia were reported from Japan, 
compared with most European countries and the United 
States. It is unknown what proportion of deaths attributed to 
aplastic anemia in these reports were actually aplastic ane- 
mia. In the studies of Wallerstein et alf and Szklo et al, 
outpatient and hospital charts, autopsy records, or laboratory 
material was used to confirm the diagnosis in cases selected 
by a review of death certificates. In no more than 60 of 290 
and 60 of 111 cases, respectively, could aplastic anemia be 
confirmed, although it is possible that a proportion of those 
who failed to satisfy study criteria lacked sufficient docu- 
mentation. Even larger discrepancies may exist in countries 
with less adequate diagnostic facilities than in the United 
States. Uncontrolled mortality statistics, therefore, give at 
best only a very rough estimate of the true incidence of the 
disease. 

Even the highest regional incidence in the present study 
(3.1 per million in Milan) is lower than previous estimates, 
which range from 4 to 25 cases per million per year (Table 
3). The latter figures are based on data derived from both 
mortality and morbidity statistics collected in different 
regions and at different times. Potential methodological 
problems and other possible explanations must be considered 
in interpreting the apparent differences. 

The estimate of Wallerstein et al® was obtained in the 
course of quantifying the risk of aplastic anemia in relation 
to exposure to chloramphenicol; incidence estimates were 
derived from mortality data, assuming a 50% disease-specific 
death rate. The limitations of death certificate data have 
already been mentioned. In addition, it is not clear that the 
assumption of a 50% death rate is correct. We observed a 
similar death rate in our series after only 2 years of follow- 
up, and it is probable that the rate would have been higher 
with a longer follow-up. Thus, the total incidence could have 
been overestimated by Wallerstein et al. 

It is important to consider whether the lower incidence of 
aplastic anemia observed in our study, and based on recent 
data, reflects a true decrease over the last 20 years (for 
example, because of decreased use of potentially harmful 
drugs such as chloramphenicol). This explanation seems 
unlikely because no clear trend has been observed in mortal- 
ity statistics from different areas between 1950 and 1980? or 
between 1970 and 1979 in a study by Szklo et al using 
morbidity data.° 

It also does not seem likely that differences in age between 
the study populations can completely account for the 
observed differences in incidence. Presumably, the age distri- 


butions in the study regions have not changed materially over 
time; if anything, the populations have aged, thus increasing 
rather than decreasing the incidence of a disease with the age 
dependency of aplastic anemia. Evidence against differences 
in age distributions was suggested by a comparison of the 
study population of Szklo et aP with our data: the age and sex 
characteristics of the population of metropolitan Baltimore 
were virtually identical to those in our study. 

There is no evidence that the lower incidence in our study 
is due to lower ascertainment than in previous studies. 
Utmost care was taken to obtain regular information from all 
the cooperating hospitals in the telephone network. Although 
it is possible that some patients with aplastic anemia from the 
defined geographic areas had been referred to hospitals 
outside of these areas, this is also true for the other studies 
listed in Table 3. There were 47 cases excluded because of 
insufficient documentation or not fulfilling our study crite- 
ria; if the assumption is made that all of those excluded were 
actually cases of aplastic anemia, the incidence rate would 
only have increased from 2.2 to 2.8 per million per year. 

We suggest that the major reason for the differences 
observed between the present study and those listed in Table 
3 is differences in the stringency of diagnostic criteria among 
studies, Quantitative estimation of bone marrow cellularity 
is of paramount importance for the diagnosis of aplastic 
anemia, as against other blood dyscrasias resulting in pancy- 
topenia. This is particularly relevant for the differential 
diagnosis between aplastic anemia and the various myelodys- 
plastic syndromes. An adequate bone marrow biopsy speci- 
men is therefore regarded as mandatory for a definitive 
diagnosis of aplastic anemia®** and is a requirement for 
inclusion in therapeutic trials,’*'* In this study, the results of 
the review by the HRC of the cases originally diagnosed as 
aplastic anemia, including an examination of blood films and 
bone marrow specimens, demonstrated that it is not suffi- 
cient to rely on the diagnosis as derived from hospital reports. 
The primary reason for the exclusion of potential cases was a 
bone marrow specimen of insufficient quantity or quality or 
an inadequate histopathologic evaluation. Only 5% of the 
cases were accepted without a bone marrow biopsy. Biopsy 
was not required in the studies of Wallerstein et al,° Böttiger 
and Westerholm,"® or Szklo et al’; and in the study of Modan 
et al’ there was no bone marrow examination at all. Thus, it 
appears that pancytopenias other than aplastic anemia may 
have been included as true aplastic anemia in previous 
studies and that the incidence estimates were erroneously 
high. 


Table 3. incidence Estimates of Aplastic Anemia From Various Studies 
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Study Population incidence 
Author Period Area {x 10%) n iper 10°/yr) 
Modan et al? 1961-1965 Israel 2.4 93 7.8 
Wallerstein et al® 1963-1964 California 17.5 60 4.8 
Böttiger et al” 1964-1968 Sweden 2 80 13 
Szklo et alf 1970-1978 Baltimore 1.6* 62 4.1* 
Böttiger et al! 1973-1977 Sweden 1.3 157 25 
Present series 1980-1984 Europe/israel 20.5 166 2.2 
(see Table 2) 


*White population only. 
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Our criteria confined the definition of aplastic anemia to 
severe and moderate cases; borderline cases, of somewhat 
less concern due to good prognosis and low mortality, were 
not included. Such cases may have been included in other 
series, but this also cannot explain completely the differences 
shown in Table 3. Blood counts were described as “pancyto- 
penia” or “severe panctyopenia”™ in the reports of Böttiger et 
al* and Wallerstein et al,° respectively. Upper thresholds 
for hematocrit and neutrophil values as indicated by Szklo et 
al’ and Modan et al‘ were similar to ours. 

The most striking difference exists between our data and 
the incidence estimates of Böttiger et al.'°'' According to the 
detailed information in their more recent paper,"' they have 
included cases of bone marrow failure other than aplastic 
anemia such as hematopoietic neoplasia, myelofibrosis, or 
pancytopenia due to cytostatics. Exclusion of these cases 
would reduce the incidence rate from 25 to 12.3 cases per 
million per year. Because only 10% of the cases of “true” 
aplastic anemia are attributed to drugs other than cytosta- 
tics,'’ differences in diagnostic criteria rather than different 
drug exposure rates may explain the discrepancy between 
Béttigers’ data and those reported here and from the Balti- 
more area.” 

The possibility of misclassification of a substantial frac- 
tion of cases may have important implications for the validity 
of data concerning the drug etiology of aplastic anemia (as 
well as the effects of other chemicals) that are derived from 
many previous reports. Most hematologists would agree that 
in practice, knowledge of exposure to potentially myelotoxic 
drugs can often influence the physician in making a diagnosis 
of aplastic anemia when a patient has pancytopenia. This 
could result in bias due to selective reporting of exposure- 
positive pancytopenia as drug-induced aplastic anemia irre- 
spective of whether the diagnosis is correct. 
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In conclusion, we suggest that the lower incidence 
reported in our study is closer to the actual incidence than the 
estimates obtained from previous studies. Revisions of the 
commonly accepted assumptions of risk due to environ- 
mental factors may therefore be necessary. 
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Cook, J.J. Farrell, L.F. Gaetano, R. Matis, LP. Kelly, C.L. Wells, 
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Monoclonal Antibody-Specific Immobilization of Platelet Antigens (MAIPA): 
A New Tool for the Identification of Platelet-Reactive Antibodies 


By V. Kiefel, S. Santoso, M. Weisheit, and C. Mueller-Eckhardt 


The analysis of sera containing different platelet-reactive 
antibodies, eg, autoantibodies, platelet-specific alloanti- 
bodies like anti-PI^, -PI®, -Bak*, and HLA antibodies, is still 
difficult. Recently, monoclonal antibodies against major 
platelet membrane constituents (glycoproteins Ilb/Illa and 
ib and HLA class I molecule) have become available. in this 
report we describe a new assay that takes advantage of 
these highly specific reagents to investigate selectively 


MMUNE-MEDIATED PLATELET DESTRUCTION 
in conditions such as neonatal alloimmune thrombocyto- 
penia, posttransfusion purpura, platelet transfusion refracto- 
riness, and autoimmune thrombocytopenia is caused by a 
variety of platelet-reactive antibodies. Their serological dis- 
section is essential for proper diagnosis and treatment. Of 
particular importance is the discrimination between platelet- 
specific antibodies, ie, anti-PI“' (anti-Zw*), anti-Bak,* and 
HLA antibodies that are frequently encountered in the same 
serum specimens. Of similar interest is the assignment of 
antigenic determinants to certain platelet membrane constit- 
uents. Thus, known platelet-specific antigens reside on the 
glycoprotein complex Hb/IHa (GP Hb/Hla) ie, PI*',' 
PEN,*? Yuk‘ and Yuk? on GP Illa and Bak* (Lek*) on GP 
I1b,°’ whereas in several cases of chronic immune thrombo- 
cytopenia autoantigens have been localized on the GP IIb/ 
IHa complex or on GP Ib.*" 

Presently available techniques for antibody differentiation 
and/or antigen recognition use stripping of HLA antigens 
from platelets by chloroquine pretreatment,'*'* solid-phase 
radioimmune assay,*” or Western blotting procedures.’* All 
these assays have their limitations in that they either are 
indirect (chloroquine method), destroy HLA antigens 
(Western blotting), or are insensitive due to high background 
values (solid-phase radioimmune assay). 

Therefore we have developed an enzyme immunoassay 
that overcomes most of these difficulties. It takes advantage 
of the selective specificity of platelet-specific monoclonal 
antibodies and achieves high sensitivity by avoiding direct 
contact between the serum to be investigated and the solid 
phase. In this report we give a detailed description of the 
method and demonstrate some of its applications. 
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platelet reactive antibodies against epitopes on different 
glycoproteins. The reliability and specificity of this assay is 
demonstrated with known platelet-reactive autoantibodies 
and alloantibodies (anti-Pi“', -Bak*, -Pen). The discovery of 
a PI“ antibody in a serum of a polytransfused patient 
underscores the efficiency of this technique. Possible appli- 
cations of this assay are discussec in detail. 

è 1987 by Grune & Stratton, inc. 


MATERIALS AND METHODS 

Human antibodies. Six human sera containing various platelet- 
reactive antibodies were selectec for this study. Their origin and 
predetermined specificities are listed in Table 1. All sera had been 
prescreened against lymphocytes and platelets from a large panel of 
donors with known HLA, PL‘'/*?, and Bak” antigens by the lympho- 
cytotoxicity test (LCT),'® the platelet complement fixation test 
(PCFT),"” and the platelet adhesion immunofluorescence test 
(PAIFT) 

Monoclonal antibodies. The following murine monoclonal anti- 
bodies (MoAb) were used: MoAb G15, raised and characterized in 
our laboratory,” directed against the human platelet GP Hb/Ha 
complex; MoAb FMC25, a gift from Dr Zola, Adelaide, Australia, 
specific for GP IX,” a glycoprotein tightly complexed to GP Ib; and 
MoAb w6.32 specific for a monomorphic epitope on the heavy chain 
of HLA class | molecules.” 

MoAb-specific immobilization of platelet antigens (MAI- 
PA). Platelets were isolated by differential centrifugation from 
EDTA-anticoagulated blood and washed three times. A volume of 
washed platelets, stored at 4°C for at least 12 hours in isotonic saline 
containing 0.1% sodium azide, was pelleted to give a total of | x 10° 
platelets. The pellet was resuspended in 50 ul phosphate-buffered 
saline (PBS), pH 7.2, supplemented with 2% bovine serum albumin 


diluted at a concentration of 0.02 mg/mL in PBS-BSA, and 5 to 200 
uL of the serum to be investigated was added. The mixture was 
incubated at 37°C for 30 minutes. The platelets were then washed 
three times in isotonic saline and solubilized in 100 ul of 0.01 mol/L 
Tris-buffered saline (TBS) containing 0.5% Nonidet P40 for 30 
minutes at 4°C., Then all samples were centrifuged at 15,000 g for 30 
minutes at 4°C. Fifty microliters of the supernatants was diluted 1:5 
in TBS wash buffer (TBS with 0.5% Nonidet P40, 0.05% Tween 20, 
and 0.5 mmol/L CaCl,). One hundred microliters of the respective 
diluted supernatants was added to each well of a microtiter tray 
(Greiner, Nürtingen, FRG) that had been coated with 100 uh goat 
antimouse IgG (Dianova, Hamburg, FRG; final antibody concentra- 
tion, 3 g/mL in 0.05 mol/L carbonate buffer) by overnight 
incubation at 4°C, washed, and blocked for 15 minutes at 4°C with 
200 ul TBS wash buffer per well. The trays were incubated for 90 
minutes at 4°C and washed four times, and [00 uL alkaline 
phosphatase-labeled goat antihuman igG (Fc) (Dianova) diluted 
1:5,000 in TBS wash buffer was added. After incubation for 120 
minutes at 4°C the tray was washed six times, and 100 ub substrate 
solution (paranitrophenylphosphate in diethanolamine buffer, pH 
9.8) was added. The color reaction was stopped after 30 minutes 
with 3 N NaOH and read at 405 nm in a Titertek photometer. All 
tests were run in duplicate. Results were expressed as AE values, ie, 
the difference of extinction (optical density) values between the 
mean of test samples and blanks (wells devoid of platelet lysate). A 
positive color reaction indicates a reaction of a human antibody with 
an epitope on the same molecule recognized by the MoAb. Reactions 
with other membrane constituents give no visible signal, 
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Table 1. Clinical and Serological Data of Patients With Platelet-Reactive Antibodies 





PAIFT 
Serum Clinical Condition Antibody 
Ne. of Serum Donor Specificity Titer 
1 Posttransfusion purpura Anti-P*! 4/5* 
1:64+ 
2 Healthy mother of child with NIT Antr- HLA 5/7* 
(polyspecific} 
3 Autoimmune thrombocytopenia Autoantibodies 5§/5* 
1:128+ 
4 Healthy mother of child with NIT Anti-Pen 7/7* 
1:32ł 
5 Posttransfusion purpura Anti-Bak* 1:32} 
+ anti-HLA 1:128§ 
6 Malignant mastocytosis; multiple  Anti-HLA 5/5* 
blood transfusions (polyspecific) 1:128+ 


Sera were characterized with PAIFT, LCT, and PCFT. 
Abbreviations: nt, not tested: neg, negative: RBC, red blood cells, 
*Number of positive cells per number of cells tested. 

t Titer. 

Titer when tested with Bak’-negative cells. 

§Titer when tested with Bak*-positive celis. 


Inhibition of calcium-dependent proteases in platelet lysates has 
no effect on antibody assessment. In experiments using leupeptin 
and sera no. | and 3, the results with platelets from four donors were 
identical whether platelets were lysed in the presence (1 mg/mL) or 
absence of leupeptin. 

The intraassay and interassay reproducibility of results is very 
satisfactory. Representative figures (x + 1 SD) for an antibody- 
containing serum compared with a negative control serum with 
platelets from the same donor were as follows: intraassay variability, 
0.913 > 0.041 v 0.05 + 0.017 (n = 8); and interassay variability, 
1.426 + 0.240 v 0.06 + 0.015 {n = 8), 


RESULTS 


Glycoprotein assignment of platelet antibodies. In a 
first series of investigations, the antigenic determinants on 
different platelet membrane molecules of operationally 
“monospecific” platelet antibodies were evaluated. The 
results of representative experiments are illustrated in Figs | 
and 2. When serum | containing pure PI^! antibodies was 
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Fig 1. Reaction of a platelet-specific alloantibody, anti-Pi"' 


(Zw'), with an antigen present on PI*'-positive cells immobilized by 
MoAb Gid (A) and of a polyspecific HLA antibody with an antigen 
on the platelet surface immobilized by MoAb w6.32 (B). Ext, 
extinction: optical density at 405 nm. 
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LCT PCFT Comments 

1/29* neg Pi“ -negative 

22/25* 7/19” Mother, Pi*'-positive 

neg neg Antigenic determinant on GP fb remunti- 
blotting) 

neg nt Kindly provided by Dr R.H. Aster (Milwau- 
kee) 

22/30* neg Kindly provided by Dr A. Waters (London) 

29/29* Complement PI! antigen—positive: RBC antibodies anti- 

inhibition Jk*, -C*, -5 
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assessed against a panel of platelets with different PS 
types, it reacted only with determinants on GP Hb/HIa 
complexes of P!*'-positive but not PL“!-negative platelets if 
MoAb Gi5 was used for immobilization. No reactivity was 
noted with molecules carrying HLA determinants immobil- 
ized with MoAb w6.32 (Fig 1). In contrast, serum 2, which 
solely held multispecific HLA antibodies, was strongly posi- 
tive with HLA determinants immobilized by MoAb w6.32, 
irrespective of the PL* type of panel platelets used. There 
was no reactivity with GP Hb/Hia determinants. 

In Fig 2, the discriminatory capacity of the MAIPA with 
regard to epitopes on different platelet glycoproteins is 
demonstrated. Three platelet-specific antibodies (sera 1, 3, 
and 4) were assayed against antigens either on the GP 
Hb/IHa complex or on the GP [b complex, which were 
immobilized by MoAbs Gi5 or FMC25, respectively. 
Although serum | (known PI^! antibodies) reacted only with 
determinants of PI*'-positive donors on the GP IIb/IIIa 
complex but not on the GP Ib complex, the reverse pattern 
was seen with serum 3. Immunoblotting studies had shown 
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Fig2. Specific reactions of platelet alloantibodies with the GP 


lib/ilia complex: anti-PI" (A), anti-Pen (C) and of a platelet 
autoantibody (B) reacting with the GP Ib complex immobilized by 
MoAb FMC25. 
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that this serum contained only platelet autoantibodies react- 
ing with GP Iba specificity." This was confirmed by MAI- 
PA. Serum 4 (kindly provided by Dr R.H. Aster, Milwau- 
kee) had Pen antibodies that reacted in PAIFT with a 
high-frequency platelet antigen. It detected antigenic deter- 
minants present on the GP Hb/HIa complex (immobilized 
by MoAb Gi5) but not on the GP Ib complex (immobilized 
by FMC25), which confirmed the results of Furihata et al.” 

Dissection of mixtures of platelet-reactive antibodies. 
Two typical examples are depicted in Fig 3. Serum 5, a gift 
from Professor A. Waters (London), was known to contain 
high-titered multispecific HLA antibodies (positive with 
29/29 panel cells in LCT) and, in addition, Bak* antibodies. 
In PAIFT, no definite distinction of these two types of 
antibodies was possible at lower dilutions. When using the 
MAIPA, both antibody specificities were clearly discernible: 
the Bak* antibodies reacted in an antigen-specific fashion 
with their epitope on GP IIb/IIIa immobilized by MoAb 
Gi5, whereas the HLA antibodies were positive with MoAb 
w6.32~immobilized HLA antigens. 

Serum 6 was unusual in that it so far had been considered 
to contain only strong multispecific HLA antibodies. On 
MAIPA analysis, an additional PI^? antibody was detected 
that reacted with MoAb Gi5-immobilized GP IIb/IIIa 
determinants in a PI^ -specific pattern. The PI^ specificity 
was further confirmed in dosage determinations by using 
platelets of PI“ homozygous and PI*'/*” heterozygous donors 
(data not shown). 


DISCUSSION 


The identification of platelet-reactive antibodies is still a 
notoriously difficult task. This is particularly due to the fact 
that most sera contain mixtures of antibodies. Because the 
majority of patients with immune platelet disorders are 
women and have been pregnant and/or received blood or 
platelet transfusions, they are often immunized against 
HLA-A, -B antigens. For instance, eight of 14 patients with 
posttransfusion purpura we thus far have diagnosed had 
strong lymphocytotoxic antibodies in conjunction with PI^ 
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antibodies, and in the serum of one patient, HLA antibodies 
were identified exclusively.” Recent reports on patients with 
posttransfusion purpura Cue to rare antibody specificities, te, 
anti-Bak?,” anti-Lek®, and anti-Pl’’,> have indicated that 
these sera were also heavily contaminated with HLA anti- 
bodies. In patients receiving multiple platelet transfusions it 
is estimated that the refractory state of approximately 25% 
to 30% of patients is caused by platelet-specific antibodies, 
although their specificity has not been identified.” 

Some progress in differentiating HLA from other platelet- 
reactive antibodies has recently been made by the method of 
chloroquine stripping of HLA antigens from platelets.” By 
this technique, Nordhagen and Flaathen" successfully dis- 
criminated HLA from PI^ and Bak* antibodies by using the 
platelet suspension immunofluorescence test. Unfortunately, 
chloroquine treatment can be applied only to fresh platelets 
and is fraught with the disadvantage of unspecific uptake of 
the fluorescent dye after cell damage. In our hands, weak 
platelet-specific antibodies often escape identification by this 
technique, 

Another approach to antibedy identification ts the use of 
immunoblotting techniques.'*”’ Although some platelet- 
specific alloantigens and autoantigens can readily be demon- 
strated,°”!"'??5 HLA-A, -B antigens and possibly other as 
yet unidentified antigens are often destroyed by sodium 
dodecyl sulfate treatment of the platelet lysate. This is 
corroborated by the observation that some monoclonal plate- 
let antibodies fail to bind to immunoblots. Moreover, the use 
of panels of several solubilized platelet suspensions in immu- 
noblotting is laborious and time-consuming, and its results 
are difficult to interpret. 

The microtiter assay described by Woods et alë? used 
MoAbs fixed to a solid phase. It allowed us to demonstrate 
platelet autoantigens on GP Hb/IHa or GP Ib, respectively. 
However, in our experience this assay is rather insensitive, 
most likely as a consequence of low binding ratios. Even 
strong PI“! antibodies yielded rather low binding ratios that 
were apparently caused by high background activity due to 
unspecific adsorption to the solid phase of components to be 
investigated. 
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Fig 3. Analysis of sera containing mixtures of 
platelet-spacific alloantibodies and HLA alleanti- 
bodies with a panel of known donor platelets. 
When using MoAb Gi5 for immobilization, platelet 
alloantibodies anti-Bak* (A) and anti-Pt (anti-Zw’?) 
(B) were detected through their typical pattern of 
reactivity, whereas the antigens immobilized by 
MoAb w6.32 carried HLA alloantibodies present in 
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PLATELET ANTIBODY TESTING WITH MoAgs 


Antibody detection by MAIPA as described here circum- 
vents most of these difficulties. It is based on the detection of 
trimolecular complexes formed by a MoAb, the human 
platelet-reactive antibody, and a platelet membrane mole- 
cule carrying the respective epitopes of either antibodies. 
Because antibody binding of both the monoclonal and the 
human antibody occurs on the surface of the intact platelet 
before solubilization, all antigens are preserved. Washing 
platelets after the sensitization phase removes excess MoAb 
as well as unbound serum. This ensures specific immobiliza- 
tion of the MoAb-platelet antigen complexes to the solid 
phase as well as specific binding of the labeled antibody to 
the human immunoglobulins associated with them. Hence, 
the background ts usually low, and therefore, the specific 
binding values (difference between test and blank sample) 
are high. By using a set of MoAbs for different membrane 
constituents and a platelet panel with known alloantigens, 
platelet-reactive antibodies can be characterized in a single 
experiment with regard to both localization of the epitopes 
(eg, HLA class I molecule, GP Hb/IHa complex, GP Ib 
complex, ie, GP Ib and GP IX) and the serological specifici- 
ties. A possible false-negative result might be expected if 
monoclonal and human antibody have the same or a closely 
adjacent epitope for which they compete and therefore 
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mutually hinder their binding. In these cases a MoAb 
directed against a different epitope on the same molecule is 
recommended. However, we have not observed such an 
interference between MoAb GiS and the platelet alloanti- 
gens tested thus far (PI*', PI, Bak* (Lek*), Pen, Yuk‘, 
Yuk’). Other advantages of this assay relate to its simplicity: 
unfixed platelets may be stored for weeks at 4°C without a 
loss of reactivity. Performance of the assay only requires six 
to seven hours. No sophisticated equipment is necessary. 

The method we have described is a practical and sensitive 
tool for detailed analysis of sera with ambiguous serological 
findings. It allows reliable typing of donors for platelet 
alloantigens (eg, PI^! (Zw*), PI^ (Zw), Bak* (Lek*), Pen) 
even with those sera that do not discriminate between 
negative and positive cells in the platelet immunofluores- 
cence test due to HLA antibodies. Moreover, MAIPA will be 
a suitable method for platelet compatibility testing before 
platelet transfusion because it gives information about both 
HLA-specific (including noncytotoxic) and platelet-specific 
alloantibodies. 

This assay takes advantage of the unique properties of 
MoAbs for diagnostic purposes. We are convinced that it will 
allow us to elucidate many of the unclear findings so often 
encountered in platelet serology. 
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Serial Measurement of Lymphocytotoxic Antibody and Response to Nonmatched 
Platelet Transfusions in Alloimmunized Patients 


By Edward J. Lee and Charles A. Schiffer 


Serial evaluations of |lymphocytotoxic antibody (LCTAb) 
and responsiveness to random donor platelet transfusion 
were reviewed in 234 patients who had developed LCTAb 
at some time during their treatment course. Seventy (30%) 
of these patients had significant falls in antibody levels. In 
44 patients these declines occurred after further antigenic 
exposure was reduced either because no transfusions 
were administered or only histocompatible platelets were 
transfused. Forty patients with declines in LCTAb levels 
who were previously refractory to platelet transfusion 
were rechalilenged with random donor platelets. Thirty- 


LLOIMMUNIZATION represents one of the most 
challenging problems in the supportive care of patients 
with acute leukemia. Approximately 30% to 40% of patients 
with acute leukemia undergoing intensive chemotherapy will 
become alloimmunized to random donor platelet transfu- 
sions and require transfusion support from HLA-matched 
donors.'? Few data exist on the long-term course of alloim- 
munized patients with respect to transfusion support or 
serological studies. Lymphocytotoxic antibody (LCTAbD) isa 
serological marker that correlates with clinical alloimmuni- 
zation.’ In an earlier report, we described 114 patients in 
whom serial measurements of LCTAb were made.’ Sixty- 
one of these patients never developed LCTAb and remained 
clinically responsive to random donor platelet transfusions. 
Forty-eight of these 114 patients (42%) developed LCTAb 
after their initial induction therapy. Of these 48 patients, 
eight patients had a significant fall in LCTAb activity at 
some time during their subsequent course. In this report, we 
expand this observation and demonstrate that a decline in 
LCTAb activity is more common than previously suspected. 
We also report that patients in whom LCTAb disappears can 
regain their responsiveness to random donor platelet transfu- 
sions and thus may be supportable for a period of time with 
more easily available standard platelet products. This in turn 
allows conservation of important resources such as HLA- 
matched donors* or autologous frozen platelet concentrates 
(AFPC)* and more safely allows delivery of intensive post- 
remission or reinduction chemotherapy. 


MATERIALS AND METHODS 


Patients, The records of patients who received serial platelet 
transfusions during treatment at the University of Maryland Cancer 
Center between the years of 1975 and 1986 who survived greater 
than 4 weeks were reviewed. Only patients who survived >4 weeks 
were considered to permit an adequate duration of time for patients 
to mount an antibody response. Of a total of 579 evaluable patients, 
397 had acute nonlymphocytic leukemia (ANLL), 68 had acute 
lymphocytic leukemia (ALL), 43 had chronic myelogenous leuke- 
mia (CML), and 71 had other malignant diseases (Table 1). LCTAb 
levels were measured on admission for all patients with leukemia and 
serially thereafter. Nonleukemic patients had LCTAb activity mea- 
sured at times at which they developed clinical problems suggesting 
that they might be alloimmunized. Thus, this nonleukemic popula- 
tion is skewed and overrepresents patients who had poor responses to 
platelet transfusions. 

Patients were considered part of the study population if they had 
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four of 35 clinically evaluable patients had good responses 
to these unmatched transfusions for 2 weeks to 36 
months, and in 21 patients antibody did net return despite 
repeated transfusions. Thus, serial LCTAb measurements 
are helpful in the management of ailoimmunized patients. 
Many patients will have decreases or a loss of LCTAb, 
either permanently or transiently, and can be successfully 
supported with more easily available unmatched random 
donor platelet transfusions. 

@ 1987 by Grune & Stratton, Inc. 


two consecutive specimens >20% positive (see the next section) 
followed by two consecutive measurements of LCTAb that were 
<20% positive at some time during their course. All such patients 
were then evaluated for the presence of clinical refractoriness. 

LCTAb. LCTAb studies were performed by Dr Paul Terasaki, 
Los Angeles, through 1982 and thereafter by the Rh Typing 
Laboratory, Baltimore. A positive LCTAb is defined as cytotoxicity 
against > 20% of the wells in a standard lymphocytotonicity assay as 
described previously.** 

Criteria for alloimmunization. The corrected count increment 
(CCI) was calculated according to the following formula: CCI = 
({posttransfusion platelet count ~ pretransfusion platelet count) x 
body surface area (m’)/no. of platelets transfused (x 10!'), Alloim- 
munization was defined clinically as a CCI of <7,500 one hour after 
platelet transfusion in the absence of any alternative explanations for 
a poor response such as splenomegaly, coagulopathy, fever, infec- 
tion, or active bleeding’ followed by a good response (one hour 
posttransfusion CCI > 10,000) to an HLA-matched platelet transfu- 
sion. 


RESULTS 


Of the 397 patients with ANLL, 174 (44%) developed 
LCTAb at some time during their course. Twelve of 68 
patients with ALL (18%), 17 of 43 patients with CML 
(40%), and 31! of 71 patients (44%) with other malignancies 
who had poor responses to platelet transfusions developed 
LCTAb. It should be emphasized that the overall rate of 
alloimmunization in nonleukemic patients was considerably 
<44% in that these patients were tested for LCTAb only if 
poor responses to platelet transfusions were observed. The 
patients with ANLL were significantly more likely to 
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Table 1. Patient Characteristics 
ah Eh cp ae in 
n Positive LCTAb 
Total patients 579 234 (40%) 
ANLL 397 174 (44%)}* 
ALL 68 12 (18%)}* 
CML, blast crisis 43 17 (40%) 
Others 71 31 (44%) 
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*P = 00002, Fisher exact probability test. 


develop LCTAb (P = .00002, Fisher exact probability test) 
than patients with ALL. Overall, 234 of 579 patients (40%) 
developed significant levels of LCTAb (Table 1). 

Seventy of these 234 (30%) patients had decreases in the 
activity of LCTAb to <20%, whereas in 70% the LCTAb 
activity remained high. These reductions occurred in 44 
patients after a period of time during which either no 
transfusions were administered or HLA-matched and/or 
AFPC were given and in 26 patients despite continued 
transfusion with random donor platelets. 

Of these 70 patients, 12 had never been refractory to 
unmatched platelets and continued to respond to random 
donor platelet transfusions (Table 2). Notably, of these 12 
patients, nine had only transient elevations of LCTAb levels 
during one period of supportive care. Eighteen of the remain- 
ing 58 patients did not receive unmatched platelet transfu- 
sions after a decline in LCTAb levels was noted either 
because no further transfusions were given (12 patients) or 
only HLA-matched or autologous platelet transfusions were 
given (six patients). 

Five of the other 40 patients were rechallenged with 
random donor platelet transfusions, but at a time when 
complicating clinical factors such as splenomegaly, septi- 
cemia with hypotension, or disseminated intravascular coag- 
ulation were present. The poor responses of these five 
patients to random donor platelet transfusions were therefore 
uninterpreta ble. 

One of the 35 evaluable refractory patients who was 
rechallenged had low increments after a transfusion of 
random donor platelets. This patient had a rapid, anamnestic 
rise in LCTAb levels. Thirty-four of the remaining 35 
patients received between one and 83 (median, five) random 
donor platelet transfusions with good posttransfusion platelet 


Table 2. Outcome in 76 Patients With Decreases in 
LCT Ab Activity to <20% 
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70 patients with decreasing LCTAb activity 
12 never refractory 
58 refractory 
18 not rechallenged 
40 received further platelet transfusions 
34 good response to random-donor platelet transfusions 
21 never again refractory 
10 patients supported for up to 2 wk 
11 patients supported for 3 mos to 3 yr 
13 became refractory 2 wk to 9 mo later 
6 no response 
5 clinically unstable, no increase in LCTAb activity 
1 evaluable for response, rapid increase in LCTAb activity 


ONOONO EA a RAR AN AAAs 





LEE AND SCHIFFER 


increments. Six patients received more than 20 such transfu- 
sions. Thirteen of these 34 patients responded to nonmatched 
platelet transfusions for 2 weeks to 9 months, but 12 of the 13 
thereafter again became refractory, which was associated 
with increases in LCTAb levels. In contrast, 21 patients 
never became refractory again despite repeated transfusions 
for up to 3 years, and only three developed subsequent 
increases in LCTAb activity. Im ten of these patients, respon- 
siveness could be evaluated for only 2 weeks because five of 
these patients died within 2 weeks and five did not require 
further platelet transfusion. 


DISCUSSION 


LCTAb, which in most although not all patients was 
associated with refractoriness to random-donor platelet 
transfusion, developed at some time during the life of 40% of 
this large series of patients with acute leukemia. Of note ts 
that the incidence of alloimmunization was significantly 
lower in patients with ALL than ANLL (P = .00002, Fisher 
exact test). This may reflect a difference in the disease 
process itself but more likely represents an effect of high- 
dose corticosteroids routinely used in ALL patients during 
initial therapy and antigenic exposure. 

Serial evaluations revealed considerable fluctuation in 
antibody positivity. Importantly, random-donor platelet 
transfusions were effective in 34 of 35 previously refractory 
patients in whom decreases in LCTAb activity were 
detected. These responses to random-donor platelet transfu- 
sions suggest that serial measurements of LCTAb levels 
should be done in alloimmunized patients and that a decrease 
in LCTAb activity can be used to select patients who will 
respond well to random-donor platelet transfusion. {t is 
striking that some patients could be supported for more than 
a year with random-donor platelet transfusions after having 
been alloimmunized and that some patients never again 
become refractory. 

Other literature, particularly that describing patients with 
chronic renal insufficiency, has also described fluctuations in 
LCTAb.”* Declines occurred predominantly in patients with 
only moderate levels of antibody activity. In contrast, in 
many of our patients high levels of LCTAb disappeared. 
Thus, 16 of the 34 patients who subsequently responded to 
random-donor platelet transfusions after a decline in LCTAD 
activity had been profoundly alloimmunized as documented 
by CCIs of <1,000. 

The mechanism by which this decline in LCTAb activity 
occurs is unclear. In some patients, the decline followed a 
period in which no transfusions were given. With the lack of 
immunologic stimulus, it is not surprising that the levels of 
antibody would fall. In an analogous fashion, patients sup- 
ported solely with either autologous or closely HLA matched 
platelet transfusions might be expected to have reductions in 
LCTAb levels. It is more striking, however, that 26 patients 
developed the reduction in LCTAb activity while they were 
actively receiving random-denor platelets. There were no 
common events that occurred in these patients such as the 
use of a particular chemotherapeutic approach or the pres- 
ence or absence of a severe infectious process or complica- 
uon. In these patients, neither the decrease of LCTAb 
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activity nor the improved response to random-donor platelet 
transfusions was expected. 

The provision of histocompatible platelet transfusions is a 
time-consuming and expensive undertaking. These data doc- 
ument the value of serial measurements of LCTAb levels in 
alloimmunized patients with leukemia who are undergoing 
chemotherapy so as to identify patients in whom random- 
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donor platelet transfusions may be useful. Thus, it may be 
possible to conserve resources such as AFPC and HLA- 
matched, single-donor platelet transfusions for particular 
patients who are difficult to support with platelets. This may 
in turn extend the duration of time that a given patient may 
be effectively supported and more safely permit aggressive 
chemotherapy. 
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Tumor Necrosis Factor: Receptors on Hematopoietic Cells 


By Reinhold Munker, John DiPersio, and H. Phillip Koeffler 


Tumor necrosis factor (TNF) is a monokine that is cyto- 
toxic/cytostatic for a variety of tumor cells and has multi- 
ple effects on normal cells. We demonstrate that normal 
and malignant human myeloid cells express a single class of 
high-affinity receptors (400 to 1,900 per cell, K, 20 to 90 
pmol/L) for TNF. Mitogen-stimulated lymphocytes have a 
similar number of TNF receptors, whereas resting lym- 
phoid cells have fewer receptors. RBCs and platelets have 
no detectable TNF receptors. No correlation is observed 
between the receptor number, receptor affinity, and the 


NTEREST IN THE BIOLOGIC EFFECTS of tumor 
necrosis factor (TNF) has increased since the gene was 
cloned and the recombinant protein has become available. 
Besides being cytotoxic or cytostatic for certain tumor cells, 
TNF exerts multiple effects on normal cells.’ We and others 
recently studied the action of recombinant TNF on normal 
and malignant myeloid cells and found that TNF inhibited 
clonal growth of most myeloid leukemia cells, whereas 
normal myeloid progenitors (CFU-GM) were relatively less 
sensitive to the cytostatic effects of TNF.*” In the present 
study we successfully iodinated TNF to high specific activity 
with full preservation of biologic activity. lodinated TNF, 
after establishment of equilibrium binding conditions, was 
used to correlate TNF receptor number and affinity with its 
cytostatic effect on both sensitive and resistant myeloid 
leukemic cell lines. 


MATERIALS AND METHODS 


Recombinant, highly purified (299%) human TNF (generous gift 
of M. Shepard and B. Aggarwal, Genentech, Inc, San Francisco) 
had an activity of 3.8 x 10° U/mg when assayed on L-929 
fibroblasts in the presence of 1 g/mL of actinomycin. TNF was 
iodinated by the lodogen method as described.® Briefly, 10 ug of 
purified recombinant protein was incubated for ten minutes at 4°C 
in an lodogen (Pierce Chemical Co, Rockford, IL) coated glass tube 
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cytoxic effect of TNF on myeloid cell lines. Significant 
cytotoxic effects of TNF on the most sensitive myeloid cell 
line (HL-60 promyelocytes) could be seen at concentrations 
tenfold lower than those concentrations at which one half 
of the TNF receptors were occupied. Our data show that 
significant biologic effects of TNF can occur at low levels of 
receptor occupancy and resistance to TNF is not related to 
the absence of TNF receptors on certain myeloid leukemic 
cell lines. 

$ 1987 by Grune & Stratton, Inc. 


with 1 mCi of '“I-NA (Amersham Corp, Arlington Heights, IL). 
Free iodide was separated from TNF on a Sephadex G-25 column. 
An aliquot of the iodinated protein (~10° cpm) was run on 12% 
sodium dodecyl sulfate-polyacrviamide gel (SDS-PAGE) under 
reducing ard nonreducing conditions, and autoradiography was 
performed according to standard procedures.’ For the binding 
assays, 8 x 10° cells typically were incubated with dilutions of 
iodinated TNF (5 x 10° to 2 x 10° cpm) ina total volume of 220 uL 
for 90 minutes at 24°C. The binding medium was a culture medium 
(Flow Laboratories, McLean, VA}supplemented with 10% fetal calf 
serum (Irvine Scientific, Santa Ana, CA), 1% penicillin-streptomy- 
cin (irvine Scientific) and 20 mmol/L HEPES (Sigma Chemica! 
Co, St Louis). The incubation was performed in Flacon microtest 
multiwell plates (Becton Dickinson, Oxnard, CA). After the incuba- 
tion the cells were washed three times in Eppendorf tubes with 
binding medium. To decrease binding to plastic, the tubes used for 
washing the cells were changed twice. Finally, the cell-associated 
radioactivity was determined with a Beckman Gamma 300 counter 
(Beckman Instruments Fullerton, CA). To determine nonspecific 
binding, the cells were also incubated in the presence of a 100-fold 
excess of unlabeled TNF. The specifie activity of '"I-TNF was 
determined by self-displacement analyses in which KG-1A cells 
were incubated with 0.4 to 10 ng anlabeled TNF tn the presence of 
4 x 10° to 5 x 10 cpm ™I-TNF.* After establishing equilibrium 
binding conditions (24°C, two heurs), TNF receptor number and 
affinity expressed on a variety of normal and leukemic cell types 
were determined by the method of Scatchard.’ 

Mononuclear cells from bone marrow and periphera: blood were 
isolated from normal and leukemic donors on Ficoll gradients. 
Informed consent was obtained from each donor. Leukemie cells 
isolated from peripheral biood or bone marrow contained =90% 
malignant cells as determined by morphological examination of 
Criesma-stained cytocentrifuged preparations. Bone marrow mono- 
nuclear cells were adhered to plastic for >3 hours to remove 
macrophages: the final cell mixture contained about 65% early 
myeloid cells (myciocyies and less mature granulocyte precursors) 
and 30% erythro. percursors. Normal granulocytes were obtained 
after dextran sedimentation for 90 minutes, Ficoll sedimentation, 
and hypotonic lysis of the remaming red cells. Thymocytes were 
isolated from thymus specimens ‘rom children undergoing cardiac 
surgery. 

Myeloid cell lines were cultured as described.” For binding 
studies, the cells obtained during exponential growth phase were 
washed twice in tissue culture medium supplemented with 10% fetal 
calf serum and 1% penicillin-streptomycin. 


RESULTS 


Under reducing conditions. iodinated recombinant TNF 
migrated as a single band on SDS-PAGE with an approxi- 
mate molecular weight (mol wt) of 17,000 (Fig 1). Under 
nonreducing conditions an additional faint band at approxi- 
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Fig 1. Autoradiogram of '"!-TNF separated by 12% SDS- 
PAGE under reducing conditions. On the left, the position of mol 
wt markers is indicated. 


mately 34,000 was observed. Iodinated TNF retained its 
biologic activity (>85%) measured by the inhibition of 
colony formation of HL-60 cells (data not shown) and was 
stable for about 2 months. By using the myeloid leukemia 
cell line KG-1A, the specific activity of '°I-TNF was deter- 
mined by self-displacement (Fig 2} and was found to be 
approximately 4.2 x 10° cpm/ng (7.1 x 10° cpm/pmol/L, 
3,227 Ci/mmol/L TNF). The binding of TNF to myeloid 
cell lines occurred rapidly (Fig 3). At 0°, 23°, and 37°C 
approximately 60% to 90% of the maximal binding occurred 
by 15 minutes of incubation. At 37°C maximum specific 
binding was reached at 45 minutes, with a decline over the 
next seven hours, presumably due to intracellular uptake and 
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Fig 2. Determination of specific activity of ‘I-labeled TNF by 
self-dispiacement analysis. The bound/free ratios are plotted 
against the total radioactivity (0.5 x 10‘ to 10° cpm) added (@) and 
against the amount of unlabeled TNF added (0.5 to 10 ng) (0). A 
total of 8 x 10° KG-1A cells was used. 
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Fig 3. Time and temperature dependence of the specifie 
binding of ™I-TNF to the myeloid cell line HL-60. The binding 
experiments were performed at O°C (¢), 23°C (@). and 37°C (W). Ali 
values are corrected for nonspecific binding obtained at a 100-foid 
excess of unlabeled TNF. 


degradation. At 23°C and 4°C the peak of specific binding 
was reached more slowly, with a plateau around 1.4 to five 
hours. All subsequent experiments were performed at 23°C 
with a 90-minute incubation. Depending on the cell type, 
70% to 95% of the binding was to a single class of high- 
affinity, specific receptors. Equilibrium binding data for the 
myeloid cell line KG-1 analyzed by the method of Scatchard” 
are shown in Fig 4. 

The number and affinities of TNF receptors expressed on 
a variety of normal cell types, myeloid cell lines, and fresh 
leukemic blasts from patients with various leukemias are 
shown in Table 1. We found that all hematopoietic cells 
except RBCs and platelets expressed a single class of high- 
affinity receptors for TNF with a dissociation constant 
([Kp] ~ 43 pmol/L). Granulocytes have about three times 
as many receptors (450 receptors/cell) than peripheral blood 
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Fig4. Scatchard plot for the myeloid ceil line KG-1. Each circle 
represents the mean of triplicate data points. 
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Table 1. TNF: Number of Binding Sites per Hematopoietic Cell, Ky, and Growth-Inhibitory Concentration 





Cell Type n 





Normal cells 
Granulocytes 
Peripheral blood lymphocytes 
PHA-activated blood lymphocytes 
Bone marrow mononuclear cells 
Thymocytes 
RBCs 
Pooled platelets 


we BION AD — tO RO 


Myeloid cell lines 
HL-60 (promyelocytes) 
EM-3 (myeloblasts) 
U937 {monoblasts} 
KG- 1 (myeloblast) 
KG-1A (undifferentiated myeloblast) 
HEL (erythromyeloblast) 
K 562 (erythromyeloblast) 
THP 1 (monobiast) 
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Leukemia cells from patients 
AML (H.A.) 71 
AML (C.0.) 1 
B-CLL (J.A.) 1 
B-CLL (T.E.) 1 


PAT hl erena nann YOR UREA TNE 


Abbreviation: PHA, phytohemagglutinin. 


EDgo of 
THE Clonal inhibition 
Receptors/Cell K, {pmoil/i} (pmol/L) 
444 + 95 29 +5 
147+ 53 1+ 
413 73 
326 + 41 36 + 12 
94 +90 2341 
0 0 
0 0 
776 + 39 42 +6 4 
1,167 48 5 
550 22 8 
676 + 140 31+ 5 29 
598 27 97 
517 37 > 200 
537 28 = Z00 
1,870 94 > 200 
363 29 
893 89 
567 28 
22 37 


Equilibrium saturation binding curves were determined on the celis as described in both Material and Methods and Fig 4. Scatchard plots were made, 
and the Kp (concentration that gave half-maximal binding) and the number of binding sites per cell was obtained from the x-intercept. The ED,, is the 
concentration of TNF required to inhibit half the cells using the conditions of our standard clonogenic assay, and the ED,, results are from Munker and 
Koeffier.” Results represent means and SD; n represents the number of experiments. Each experiment was carried Gut in triplicate. 


lymphocytes (150 receptors/cell). Mitogen-stimulated pe- 
ripheral blood lymphocytes expressed about three times more 
TNF receptors than unstimulated lymphocytes. All the 
myeloid leukemia cell lines had receptors for TNF (range, 
520 to 1,870 receptors/cell). No correlation was noted 
between the number or affinity of TNF receptors expressed 
per cell and the in vitro cytostatic effect of TNF. For 
example, sensitive myeloid cell lines (HL-60, EM-3, U937) 
expressed fewer receptors than the relatively resistant cell 
line THP-1 (Table 1). The Kp for the TNF receptors ranged 
between 19 to 95 pmol/L on those cells that expressed TNF 
receptors and was not significantly different on sensitive and 
resistant myeloid cell lines. 

Of interest was that the concentrations of TNF required to 
inhibit 50% of the in vitro clonal growth of the HL-60, EM-3, 
and U-937 myeloid cell lines was three- to tenfold lower than 
the Kps obtained by equilibrium binding. 

We also examined leukemic cells from two patients with 
acute myelogenous leukemia (AML) and two patients with 
chronic lymphocytic leukemia (CLL) of the B lymphocyte 
cell type for their expression of TNF receptors. The leukemic 
cells from the AML patients had numbers of TNF receptors 
comparable to those found on myeloid leukemia cell lines. 
Cells from the two cases of CLL had heterogeneous binding 
of '*]-TNF, with cells of one patient (J.A.) having 510 TNF 
receptors per cell and the other having 22 TNF receptors per 
cell. The leukemic cells from all four patients expressed a 


single class of high-affinity TNF receptors (Kp, 30 to 90 
pmol/L). 


DISCUSSION 


Recently, the receptors for a variety of lymphokines and 
monokines including interferons (INF), t? interleukin 1,” 
colony-stimulting factors,'*"* and TNF*'®” have been pre- 
liminarily characterized. These receptors are involved in the 
stimulation and downregulation of cellular growth pro- 
cesses.?! Receptors for TNF were demonstrated on fibro- 
blasts,'®!’ endothelial cells, adipocytes, myocytes, liver mem- 
branes,'*!? granulocytes, >” and several tumor ceil lines.” 
These cell types expressed approximately 1,000 to 5,000 
TNF receptors with Kps between 3 and 600 pmol/L.'*”* 

We demonstrate that normal human hematopoietic cells, 
malignant myeloid and lymphoid cells, and myeloid leukemic 
cell lines have receptors for TNF. The binding of TNF to all 
the cells is extremely rapid, specific, and reversible. All cell 
types express a single class of high-affinity TNF binding 
sites. The affinity of binding of TNF did not vary greatly 
between the cell types. The decrease in specific binding after 
=1.5 hours that we observed at 37°C is consistent with the 
internalization and intracellular degradation of '*1-TNF as 
previously shown by others.'*'’* We found that the numbers 
of receptors expressed on norma! myeloid cells (300 to 
500/cell) and on myeloid leukemia cells (500 to 1,800/cell) 
were higher than on peripheral blood lymphocytes and 
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thymocytes (90 to 140 receptors/cell). Also, activated lym- 
phocytes express about threefold more TNF receptors than 
resting lymphocytes or thymocytes (approximately 400 v 100 
receptors, respectively). The mechanisms involved in the 
increased expression of TNF receptors on activated lym- 
phoid cells are unclear but may include local membrane 
effects of the stimulating agents used (eg, PHA and 12- 
Q-tetradecanoylphorbol-13-acetate) or through the produc- 
tion of INFs. INFs have been shown by others to both 
upregulate the number of TNF receptors and to enhance the 
biologic effects of TNF on responsive cell types in 
vitro.”'”?>76 Platelets and RBCs do not express detectable 
TNF receptors. The affinity constants determined for the 
TNF receptors expressed by the hematopoietic cells 
described here were comparable (20 to 90 pmol/L) to those 
reported for TNF receptors expressed by a variety of nonhe- 
matopcietic cells.*'* 

The expression of TNF receptors on hematopoietic cells 
suggests that TNF may have an action on these cells. Studies 
have shown that aggregation, superoxide generation, phago- 
cytosis, and polarization of neutrophils can be enhanced by 
TNF.” TNF at very low concentrations has a cytotoxic or 
cytostatic effect on normal activated lymphocytes?’ and 
myeloid leukemia cells.*° In addition, TNF has been shown 
to enhance the killing of schistosoma by mature eosino- 
phils." 

We found no correlation between the number of TNF 
receptors expressed on the myeloid leukemic cell lines and 
the biologic sensitivity of these cell lines to the growth- 
inhibitory effects of TNF. Several lines including HEL, 
K562, and THP-! were resistant to TNF but expressed 
comparable numbers of receptors when compared with the 
numbers expressed by the sensitive lines presented here. 
Similar findings have been reported for several other tumor 
lines.” We have also found that several small cell lung cancer 
cell lines do not express detectable TNF receptors and are 
totally resistant to the cytotoxic/cytostatic effects of TNF.” 
Taken together, these results suggest that expression of TNF 
receptors is necessary but not sufficient for the biologic effect 
of TNF. In addition, we found no correlation between the 
EDs of clonal inhibition mediated by TNF and the Kp 
determined for the TNF receptor on the sensitive myeloid 
leukemic cell lines HL-60, KG-1, KG-la, EM-3, and U937, 
Furthermore, our studies suggest that in the three most 
sensitive myeloid leukemic cell lines (HL-60, EM-3, U937), 
the biologic and cytostatic effects of TNF occur at concen- 
trations of TNF where only a few of the TNF receptors could 
be occupied. For example, the concentration of TNF needed 
to inhibit the clonal growth of HL-60 cells by 50% (4 
pmol/L) was tenfold lower than that required to saturate 
50% of the TNF receptors (42 pmol/L) on these same HL-60 
cells. Silberstein et al? have recently shown that the 
concentration of TNF required to induce 50% maximal 
killing of schistosoma by normal human eosinophils was 
approximately 1 x 107" mol/L. This is approximately 
1,000-fold lower than that concentrated required to saturate 
50% of the TNF receptors on these eosinophils. These results 
would imply that significant biologic effects can occur at 
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extremely low levels of receptor occupancy or that a separate 
higher-affinity TNF receptor exists on HL-60 cells that 
could not be detected by conventional equilibrium binding 
Studies presented here. Peetre et al has suggested the 
presence of such higher-affinity TNF receptors on several! 
human myeloid leukemic cell lines. In addition, the extreme 
sensitivity of myeloid leukemic cell lines to TNF may also 
result from the production of synergistic factors such as y- 
and @,-INF or TNF itself. Both y- and 8,-IFN have been 
shown to sensitize cells to the effects of TNF 20737478293! Thjg 
enhancement could not be totally explained by a change of 
TNF receptor affinity or by the slight increase in the 
receptors expressed after y-IFN treatment of myeloid 
cells.” 

During the time we were completing our studies, several 
reports also showed that myeloid leukemic cells have TNF 
receptors.™*! Scheurich et al found that HL-60, 1/937, and 
K562 expressed TNF receptors, whereas a K562 variant 
(K562 C1) did not have detectable receptors.” Preliminary 
characterization of the TNF receptor by chemical cross- 
linking studies by these investigators demonstrated that 
myeloid cells expressed a single TNF receptor protein with 
an apparent mol wt of 76,000 daltons. Similar cross-linking 
studies using murine fibroblasts yielded two specific bands, 
which implied mol wts of 95 kd and 75 kd for the TNF 
receptor." Our binding studies were done at 23°C. Cells 
from myeloid leukemia lines had about 550 to 1,900 TNF 
receptors per cell with Kp of 20 to 95 pmol/L. In contrast, 
Peetre et al* and Scheurich et al’! found at 0°C that cells 
from myeloid leukemia lines had approximately 1,300 to 
3,000 TNF receptors per cell with Kp of 150 to 300 pmol/L. 
Our finding of fewer TNF receptors with a higher affinity on 
the same myeloid cell lines might have occurred because of a 
difference in either reagents, the temperature at which the 
binding studies were performed, or possibly a difference in 
the cells. Nevertheless, each investigative group found that 
TNF was able to exert cytostatic effects on the TNF- 
sensitive myeloid cells at concentrations of TNF at which 
very low levels of receptor occupancy exists. 

Myeloid cells can be induced to synthesize TNF’: at the 
same time these cells express receptors for TNF. Further 
studies are required to determine whether TNF can have a 
biologic effect on the myeloid cells that synthesize TNF 
under normal and abnormal circumstances, which would 
suggest a type of autocrine regulation. Recently, Cannistra 
et al” have shown that U937 cells incubated with GM-CSF 
rapidly die in culture, probably due to the induction of TNF 
synthesis by these cells. In addition, a better understanding 
of postreceptor events involved in transmembrane signal 
tranduction may help explain the more lethal effects of TNF 
on leukemic compared with normal myeloid cells and how 
TNF can exert profound biologic action at low levels of 
receptor occupancy. 
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Purification of Human Megakaryocytes by Fluorescence-Activated Cell Sorting 


By Aaron Tomer, Laurence A. Harker, and Samuel A. Burstein 


For diract studies of growth control, a method was devel- 
oped to purify viable human megakaryocytes to homogene- 
ity from routine normal bone marrow aspirates. An initial 
separation of marrow over a 1.050 g/mL Percoll density 
cut was used to enrich megakaryocytes. After washing, 
the cells were specifically labeled with a fluoresceinated 
monocional antibody or Flab’), fragment to the platelet 
glycoprotein (GP) lib/Itla complex. Megakaryocytes were 
selectively sorted by using Becton Dickinson FACStar flow 
cytometer on the basis of a fluorescence intensity > 50-fold 
that of control cells. To increase resolution and purity the 
sorting rate was adjusted to one cell in 13 formed drops, 
and negative events that coincided with positive ones were 
aborted. Two thirds of the isolated cells were large, 
morphologically recognizable megakaryocytes with a for- 
ward light scatter fourfold that of the main cell population. 
Microscopic examination showed these cells to be =98% 
megakaryocytes with a diameter of 20 to 46 um and a 


TUDY OF THE BIOLOGY of megakaryocytes has 
proved difficult, in part due to their rarity (constituting 
about 0.05% of all nucleated bone marrow cells), fragility, 
and their tendency to aggregate. Thus, a large number of 
marrow cells and a highly selective method for megakaryo- 
cytic identification are needed for their isolation or analysis. 
Consequently, most studies of isolated megakaryocytes have 
used marrow flushed or scraped from the bones of experi- 
mental animals to achieve high cell yield with little admix- 
ture with blood and activated coagulation factors.*'? For 
studies of human megakaryocytes this source is limited to 
surgical amputations. "4'6 
Both human and animal megakaryocytes have been iso- 
lated with variable results by using velocity centrifugation, 
which separates cells based primarily on their size, and 
density gradient centrifugation. ™* +0 Using marrow from 
human ribs Rabellino et al''* and Sitar'® obtained recoveries 
of 63% to 89% and purities of 68% to 94%. Notwithstanding 
these encouraging results, this method is limited by the need 
for ribs and the lack of specific megakaryocytic markers 
independent of size, which might result in a preferential 
selection of cells within the megakaryocytic population. >" 
Counterflow centrifugal elutriation (CCE) is an alterna- 
tive approach. This procedure is based on the differences in 
sedimentation velocity between megakaryocytes and smaller 
cells.2”*!8 Enrichment by CCE results in 60% to 70% recov- 
ery and about 25% purity, which may be increased up to 50% 
to 65% when combined with density centrifugation. This 
method also inherently selects for larger megakaryocytes. 
To overcome some of these technical limitations, flow 
cytometry has been introduced for the analysis of mega- 
karyocytes.°*?'' This method has been shown to be sensitive 
and rapid for the analysis of infrequent cell populations, even 
in complex cell mixtures such as exists in bone marrow.” To 
prepare highly pure, viable human megakaryocytes isolated 
on the basis of a lineage marker on a routine basis, we have 
developed a method using fluorescence-activated cell sorting 
of normal bone marrow aspirates after labeling with a 
monoclonal antibody to the glycoprotein IIb/Ila (GPIIb/ 
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ploidy range of 2N to 64N with a mode of 16N. The small 
highly fluorescent cells were 10 to 21 um in diameter, and 
their ploidy range from 2N to 32N with main ploidy classes 
of 2N and 4N. The majority of these small cells alsa 
positively reacted with monoclonal antibody to platelet 
GPlb. The isolated cells were cultured in either Iscove’s or 
leucine, lysine-deficient RPMI 1640 medium with 10% 
human plasma. The cells were maintained in culture more 
than three days and were capable of synthesis of both DNA. 
and protein as assessed by radiolabeled thymidine and 
amino acid incorporation. Moreover, the isolated mega- 
karyocytes were capable of responding to recombinant 
granulocyte-macrophage colony—stimulating factor. The 
data show that human megakaryocytes can be purified 
from routine marrow aspirates on the basis of a lineage 
marker and that they are capable of growth in vitro. 
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lila) complex. In this report we describe the technique, its 
advantages and limitations, together with its applicability to 
studies of megakaryocytopoiesis in vitro. 


MATERIALS AND METHODS 


Marrow preparation. Six to 8 mL of bone marrow was collected 
from a single site (with one reposition of the needle) from the 
posterior iliac crest of normal volunteer donors. The marrow was 
aspirated after obtaining informed consent according to the guide- 
lines of the Human Subjects Committee of the Research Institute of 
Scripps Clinic. Cells were collected into 10-mL plastic syringes 
containing Yọ vol acid-citrate-dextrose, formula A {ACD-A} 
EDTA, and prostaglandin E, (PGE,: Sigma Chemical Co, St Louis} 
to a final concentration of 2.5 mmol/L and 2.2 umoi/L respectively. 
The marrow was gently pipetted, passed through a 200-um mono- 
filament nylon filter, and diluted with cold Ca**- and Mg’ *-free 
phosphate-buffered saline (PBS) containing 13.6 mmol/L sodium 
citrate, 2.2 mol/L PGE,, | mmol/L theophylline, 3% bovine serum 
albumin (BSA, fraction V; Calbiochem, La Jolla, CA}, and l] 
mmol/L glucose, and adjusted to a pH of 7.3 and an osmolarity of 
290 mOsm/L. Hereafter, this supplemented PBS is designated MK 
medium. 

In initial studies bone marrow was aspirated into heparin (40 
U/mL, preservative-free}-containing syringes and diluted subse- 
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quently with medium containing citrate, adenosine, and theophylline 
in Hank’s buffer* (CATCH). This resulted in frequent cell aggrega- 
tion in the Percoll gradient and cell clumping in the subsequent 
washing step. To reduce the likelihood of cellular aggregation, the 
heparin was replaced with ACD-A solution containing 2.5 mmol/L 
EDTA and 2.2 pmol/L PGE, (which was also used to rinse the 
aspiration needle). When 10 mol/L of the synthetic thrombin 
inhibitor, D-phenylanalyl-L-propyl-L-arginine-L-chloromethylketone 
was added to the aspiration mixture, fibrin clot formation was 
reduced, but at the expense cf increased cellular aggregation within 
the Percoll gradient. The dilution medium was supplemented with 
3% BSA and initially with 2.5 mmol/L EDTA. This concentration 
of EDTA was subsequently found to be unnecessary, as was the 
addition of DNase. Indeed, it is unlikely that this divalent cation- 
requiring nuclease is active in citrate- and/or EDTA-containing 
buffers. To improve viability, the theophylline concentration was 
reduced from 2 mmol/L (the original concentration in CATCH 
medium) to 1 mmol/L, and the adenosine component of CATCH 
medium was omitted with no observable increase in aggregation 
tendency. 

Cell count, viability, and size measurement. Marrow cells were 
enumerated with a Hematology Series 15 Cell Counter (Baker 
Instruments, Allentown, PA) or a hemocytometer. Viability was 
assessed by trypan blue exclusion. The diameters of megakaryocytes 
freshly isolated by cell sorting (see the following sections) were 
measured with an ocular micrometer as previously described.” 

Fractionation of marrow cells. The cell suspension was adjusted 
to 20 x 10° cells/mL, mixed with Percoll (Pharmacia Fine Chemi- 
cals, Piscataway, NJ) to a final density of 1.020 g/mL (isotonic 
83.1% Percoll diluted with PBS containing 13.6 mmol/L sodium 
citrate), layered over 12 mL Percoll of density 1.050 g/mL, and 
subsequently overlayered with 10 mL MK medium. After centrifu- 
gation at 400 g for 20 minutes at 15°C, the upper medium layer was 
removed, and the cells were collected from the upper Percoll layer 
and the interface (=1.050 g/mL). The collected cells were then 
washed by mixing with 1.5 vol of cold MK medium containing 6% 
BSA and centrifugated at 300 g for ten minutes at 15°C. The 
supernatant was decanted and the cell pellet was resuspended in the 
same medium and stored on ice for antibody labeling. 

Adjustment of the cell concentration to no greater than 20 x 
10°/mL and admixture of the cells with Percoll to a final density of 
1.020 g/mL (before layering over the 1.050 g/mL Percoll) was 
found to be helpful in preventing aggregate formation during 
centrifugation, presumably because the cells were dispersed in a 
larger volume rather than being concentrated at the interface. To 
prevent cell clumping during the successive washing step, the 
concentration of BSA was increased to 6%. 

Megakaryocyte labeling. Megakaryocytes were directly labeled 
with saturating concentrations of fluoresceinated IgG! mouse mono- 
clonal antibodies (or F(ab), fragment thereof) directed to the 
platelet GPIIb/Il]a complex. The antibodies reacted only with 
platelets and megakaryocytes.”’ These antibodies (designated P, and 
P,) were a gift from Dr Z.M. Ruggeri of the Research Institute of 
Scripps Clinic and were fluoresceinated to an F/P ratio of 3:1 by 
standard techniques.” The cell count was adjusted to 10’/mL with 
MK medium containing 6% BSA and then incubated with 8 pg/mL 
antibody for 30 minutes on ice. Dead cells as well as unbound 
antibody were removed by centrifugation at 100 g for seven minutes 
at 15°C over 10% BSA.” The cell pellet was then resuspended with 
MK medium containing 10 mmol/L HEPES buffer and 50 U/mL 
penicillin-streptomycin solution. The saturating concentration of the 
monoclonal antibodies was determined by quantitative flow cyto- 
metric measurements of the fluorescence of large megakaryocytes. 
An aliquot of the cell suspension was incubated under identical 
conditions with a fluoresceinated IgG} mouse monoclonal antibody 
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to human thyroglobulin and used as the control cells. The total time 
required te prepare the marrow cells for sorting was two to 2.5 
hours. 

Flow cytometry. Megakaryocytes were sorted with a FACStar 
flow cytometer (Becton Dickinson, Mountainview, CA) equipped 
with a 2 W Coherent, Innova 70 argon ton laser and a 120- 
um-diameter nozzle. The sheath pressure was adjusted te the 
minimum ‘evel allowing stable drop formation (6.2 psi), with a 
sample pressure of 2 psi. The drop formation frequency was set to 
about 13.1 kHz, and the cell concentration was adjusted to allow 
sorting of no greater than 1,00€ events/s. The number of drops 
collected fer a single positive event was set to three to improve the 
yield without compromising the purity because only one of 13 drops 
contained detected particles. Purity was also enhanced by aborting 
negative events coinciding with positive ones. The stability of the 
fluid jet and the drop delay setting were monitored frequently. Small 
particles up to 7 wm were electronically gated out on the basis of 
forward-angle light scatter (FSC) by using 5.3-, 7.8-, and 10.2-um 
standard polystyrene beads (Becton Dickinson), human RBCs, and 
peripheral blood lymphocytes. The laser emission was adjusted to 
deliver 200 mW at 488 nm for excitation, 

A $70-nm dichroic mirror was used to separate the fluorescence 
emissions ef the fluorescein (green) and the propidium iodide (red) 
when it was used for concurrent ploidy measurement (see the next 
section). The green fluorescence was further filtered by a 530/ 
30-nm-band pass-filter, and red fluorescence was passed through a 
625/35-nm-band pass-filter before detection by the photomulti- 
pliers. 

Megakaryocytes were identified by their distinct high green 
fluorescence (> 50-fold that of the main cell population or that of the 
control cells). Megakaryocytes formed a discrete subset when the 
fluorescence emission was plotted against FSC (either by dot plot or 
contour histogram). Small megakaryocytes were defined by FSC 
levels corresponding to cell diameters up to 20 um. The levels of 
fluorescence intensity, FSC, and side scatter of each cell were 
collected by a Hewlett Packard 9144 computer, and the data were 
analyzed with a Consort 30 computer program (Becton Dickinson). 
When cells were collected for culture, the fluidic system was first 
sterilized with 70% ethanol followed by sterile PBS, and the cells 
were sorted into MK medium. The sample tubes were kept on ice and 
the collecting tubes were kept at 4°C. The adjustment of the flow 
cytometer required about one hour when experience was achieved. 
Sorting of an average cell sample required about two hours. 

‘ell ploidy determination. Cell pleidy was determined by flow 
cytometric measurement of the relative cell DNA content after 
staining by propidium iodide in hypotonic citrate solution as 
described by Krishan.” 

Immuneenzymatic staining for GPIb. Small cells, isolated on 
the basis of high fluorescence level only (and thus high expression of 
the epitope identified by P, or P,!, were examined for the additional 
lineage marker GPIb. The isolated cells were cytocentrifuged onto 
poly-b-lysine—coated slides, dried, fixed with acetone-ethanol (3:17) 
and stored at -- 20°C. The following procedure was carried out in a 
dark, humid chamber at room temperature, using PBS for all 
washing steps. The slides were rehydrated for 20 minutes and 
incubated with 2% horse serum for 30 minutes. After washing, a 
1:1,000 dition in 0.15% BSA (crystalline grade, Sigma) of a mouse 
monoclonal antibody (a gift from Dr Z.M. Ruggeri) directed to 
GPIb was added for 120 minutes. Control samples were incubated 
with mouse monoclonal antibody to human thyroglobulin. The slides 
were then washed extensively and incubated with a 1:25 dilution of 
biotinylated horse antimouse IgG (Vector Laboratories, Burlin- 
game, CA) for 30 minutes. After washing, the slides were incubated 
with an avidin-biotin—alkaline phosphatase complex (Vectastain, 
ABC-AP; Vector) for 30 minutes and then with the enzyme 
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substrate (kit D) for 20 minutes, washed with water, and counter- 
stained with hematoxylin. 

Megakaryocyte culture. Isolated marrow megakaryocytes were 
concentrated by centrifugation at 100 g for five minutes at 15°C and 
resuspended in 120 uL of MK medium. A diluted cell sample was 
counted, and the viability was assessed by trypan blue dye exclusion. 
Five hundred to 3,000 viable megakaryocytes were plated in dupli- 
cate microculture wells (Corning Glass Works, Corning, NY) 
containing 200 uL Iscove’s medium (Irvine Scientific, Irvine, CA) 
for studies of thymidine incorporation or leucine, lysine-deficient 
RPMI 1640 medium (Irvine) for studies of amino acid incorpora- 
tion. Both media were supplemented with 10% dialyzed normal 
human plasma, 200 mmol/L L-glutamine, and 50 yumol/L 
2-mercaptoethanol. In some experiments the serum was replaced 
with 1% Nutricyte (J. Brooks Laboratories, San Diego) and 3% 
crystalline BSA (Sigma). 

In subsequent experiments, cells were collected directly into tissue 
culture chambers mounted on plastic slides (Lab-Tek, Miles Scien- 
tific, Naperville, IL) containing culture medium. Cultures were 
incubated in a humidified 5% CO, tissue culture incubator at 37°C. 

Radioisotope incorporation. To investigate the capacity of 
megakaryocytes to synthesize DNA and protein, cultures were 
labeled with 2 aCi of either *H-thymidine CHTdR, 87 Ci/mmol) or 
a *H-leucine-lysine mixture (120 Ci/mmol and 77 Ci/mmol respec- 
tively; Amersham Corp, Arlington Heights, [L). Similar amounts of 
radioisotopes were added to contro! wells containing no cells. After 
20 hours in culture, the cells were harvested into 10% cold trichloro- 
acetic acid (TCA). TCA-precipitable material was collected on 
2.4-cm-diameter GF/C glass microfiber filters (Whatman, Maid- 
stone, England), washed with 10% TCA, and counted with a liquid 
scintillation counter (model LS 7000, Beckman Instruments, Fuller- 
ton, CA). In some experiments aminopterin and hypoxanthine 
(4 x 10°’ mol/L and I x 10°* mol/L final concentrations, respec- 
tively) were added to the culture medium to enhance the incorpora- 
tion of thymidine. The significance of differences between incorpora- 
tion rates was assessed with Student’s / test. 

Granulocyte-macrophage colony~stimulating factor (GM- 
CSF). To assess the response of isolated megakaryocytes to hema- 
topoietic growth factors, sorted megakaryocytes were cultured in the 
presence of human recombinant GM-CSF, a gift from Dr Ken 
Kaushansky, University of Washington, Seattle. The factor was 
high-performance liquid chromatography—purified from serum-free 
medium conditioned by COS monkey kidney cells tranfected with 
human GM-CSF cDNA. The final preparation was about 70% pure, 
and its specific activity as assayed on human bone marrow was 
approximately | x 10* U/mL. The preparation was diluted to 25 
U/mL with 2% human platelet-poor plasma in PBS. 
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RESULTS 


Cell separation. As shown in Table 1, the yield of 
nucleated bone marrow cells from 6 to 8 mL of aspirated 
marrow was 434 + 280 x 10°(n = 18). It was estimated that 
morphologically identifiable megakaryocytes constituted 
about 0.05% of this cell fraction. >” Percoll density gradient 
fractionation resulted in the depletion of 97.5% + 0.8% of the 
total marrow cells and an increase in megakaryocytic fre- 
quency to 2.1 + 0.4, which represents a 40-fold enrichment. 
The light-density (<1.050 g/mL) fraction contained >90% 
of morphologically recognizable megakaryocytes. * 47 Af- 
ter the labeling procedure with the antibody and two washing 
steps, the yield of the cells initially recovered from the 
light-density fraction was 50% (the yield of cells from the 
dense Percoll fraction >1.050 g/mL was 70%). Cell viability 
before sorting was about 90%. 

Selection of GPHb/lla-positive cells. Figure 1 demon- 
strates the fluorescence distribution of megakaryocyte- 
enriched bone marrow labeled with the GPIIb/Illa-specific 
monoclonal antibody (A, the intact antibody; B, the F(ab’), 
fragment) compared with the same sample labeled with the 
control monoclonal antibody to human thyroglobulin {C}, A 
peak of highly fluorescent cells was detected in the sample 
labeled with the specific probe. These cells constitute about 
2.5% of the total cell population (similar to the percentage of 
megakaryocytes estimated on this cell preparation using 
morphologic criteria) and exhibit a fluorescence intensity of 
50- to 180-fold that of the major cell population (the higher 
level being observed with the F(ab’), fragment, B). 

To improve megakaryocytic identification and to set crite- 
ria for reproducible selection, the fluorescence intensity was 
plotted against FSC, a parameter reflecting, in large part, 
cell size (Fig 2).” The bidimensional plot revealed a discrete 
subset with both high fluorescence intensity and an FSC 
fourfold that of the major cell population (Fig 2, upper right 
quadrant). After sorting and staining with hematoxylin, 
these cells appeared to be morphologically pure megakaryo- 
cytes (Fig 3). Sorting and staining of the unselected marrow 
cell population (Fig 2, lower quadrants) revealed that the 
number of megakaryocytes in this fraction was between 2.5% 
and 5% of that found in the selected population. 

The yield of megakaryocytes from an average marrow 


Table 1. isolation of Megakaryocytes 


Nucleated Celis 
Number Percentage 

Fraction ix 10%) of Total 
Unfractionated marrow 154-714 100 
Percoli density cut 

{< 1.050 g/mL) 3.9-17.9 2.5 

Presortingt 2.0-9.8 1.25 
Postsorting 0.074-0.104 0.02 





*An estimate based on previous work. ™®?' 
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Megakaryocytes ee 
Percentage 
of Nucieated Percentage Viability 
Celis No. (x 107) of Total (96) 
0.04-0.06* 173-260+ 100 >) 
1.7-2.5 184-260 80 
1.7-2.5 92-130 45 aO 
98-100 72-102§ 36 
36-51] 18 50 


+The calculation is based on the mean of the nucleated cell number and the frequency of megakaryocytes in the preparation {n = 18). 
Cell suspension after labeling with monoclonal antibody and two washing steps. 


§Cells collected directly into chamber slides containing medium. 
Celis colected into tubes and concentrated by centrifugation. 
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Fluorescence distribution of megakaryocyte-enriched marrow cells labeled with P, (A), the F(ab), fragment (B), or antihuman 


thyroglobulin (C). The abscissa represents the relative fluorescence intensity and the ordinate cell number per channel. The numbers to 
the right of the flow cytometric parameters show the channel ranges that are opened, which indicates that the presented populations are 
unselected. The vertical lines (in A and B) indicate the gate position for selection of the highly fluorescent subset. Each curve represents an 


analysis of 50,000 cells. 


aspirate of 4 x 10° cells was about 40,000 (Table 1) and was 
dependent upon the efficiency of sorting and manipulation of 
the collected megakaryocytes. The efficiency of sorting at 
optimal settings as defined by either resorting of a collected 
sample or comparing the electronically sorted events with the 
actual number of cells collected directly on slides was 80% to 
90%. Concentrating the purified megakaryocytes in the 
collecting tube by centrifugation resulted in about a 50% 
loss. Subsequently, megakaryocytes were sorted directly into 
plastic chambers containing medium. This modification 
enhanced the yield up to 80,000 cells. 

Sorting of the entire highly fluorescent cell population 
(Fig 2, horizontal solid line) resulted in inclusion of small 
cells which constituted 20% to 30% of the total selected cells. 
Only one third of these cells were morphologically recogniz- 
able megakaryocytes based on cell size and nuclear lobula- 
tion. To define further their state of differentiation, these 
cells were stained immunocytochemically with a monoclonal 
antibody to GPIb. Of 1.000 cells examined, 70% to 80% 
reacted positively. 

Differentiation between small and large megakaryocytes 
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Fig 2. Distribution of megakaryocyte-enriched marrow cells 
by fluorescence (FL1) v FSC. The horizontal line represents the 
fluorescence gate setting to select the highly fluorescent cells. 
The vertical line represents the FSC gate setting to distinguish 
between small (<20 um) and large megakaryocytes. 


was based on FSC (which was then translated to an 
electronic gate). By using standard beads, RBCs, and periph- 
eral blood lymphocytes, small cells were defined as cells 
exhibiting FSC up to the level corresponding to a 20-um 
diameter. About 97% to 98% of the total marrow cell 
population was included in this size range (vertical solid line 
in Fig 2). The size of the small megakaryocytes was 





Fig 3. 
gate settings shown in Fig 2. Cells were sorted directly onto glass 
slides, fixed, and viewed under a fluorescence microscope (A) 
(original magnification x 400; current magnification x 280). The 
same preparation was stained with hematoxylin (B) (original 
magnification x 250; current magnification x 176). 


Highly fluorescent large cells sorted according to the 
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Table 2. Ploidy Distribution of Small and Large Megakaryocytes 
ee a a 





Ploidy 
Megakaryocytes 2N 4N 8N 16N 32N 64N 
eee 
Small 29.3° 27.4 20.2 13.0 4.1 
Large 4.2 7.9 12.1 40.6 30.0 5.2 


Smali and large cells were defined as described in the text. Four 
thousand small cells and 14,000 large cells were examined for this 
study. 

*Percentage of total. 


estimated to be 15.2 + 4.8 um (n = 4,000). Because the 
relationship between FSC and the size of large cells had not 
been established, the mean diameter of unfixed large cells 
was measured microscopically and averaged 34.2 + 11.8 um 
(n = 150). Table 2 demonstrates the ploidy distribution of 
both the large and the small megakaryocytes as measured by 
propidium iodide staining. The modal ploidy of the large cells 
was 16 (40.6%), with 30.0% of cells being 32N, whereas 
about 60% of the small cells were 2N to 4N. 

Cell culture. Megakaryocytes were cultured in liquid 
medium in microwell plates or slide chambers (Fig 4, culture 
of large cells). The viability, as assessed by trypan blue dye 
exclusion, ranged between 50% for the large cells and 75% 
for the small ones. Cells were maintained in culture more 
than three days. Twenty-four hours after the initiation of 
culture, only 50% to 70% of the cells appeared to be viable, 
showing a round shape, refractile cytoplasm, and nondiscern- 
able nuclear outline. 

To examine the biosynthetic ability of the isolated cells, 
incorporation of *HTdR and a *H-leucine-lysine mixture into 
TCA-precipitable material was measured. Thymidine incor- 
poration was significantly higher by the small cells than by 
the large ones (P < .05; Table 3). The incorporation rate of 
all megakaryocytes was between that of the small and the 
large cells. The addition of hypoxanthine and aminopterin to 
the culture medium resulted in a six- to sevenfold increase in 
the incorporation rate. A low incorporation rate was observed 
in plasma-free medium, although the effect of aminopterin 
supplementation to this medium was not tested (data not 
shown). No increase in cell number during the culture period 
was observed. The relative incorporation rate of amino acids 
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Fig4. Phase-contrast photomicrograph of sorted large mega- 
karyocytes after 24 hours in culture (original magnification x 200; 


current magnification x 150). 
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Table 3. `HTdR Incorporation by Isolated Megakaryocytes 
Celis 





Culture = cpm cpm /Cell 
Conditions Type Number (+10) (Mean) 
10% plasma Small 1,500 1,950 + 282 1.3 
Large 2,000 1,560 + 211 0.8 
All 3,000 3,357 + 349 1.1 
10% plasma + AH*® Small 1.500 13,842 + 1.633 9.2 
Large 1,500 7,212 + 1,175 4.8 
All 650 4.225 + 548 6.5 





Celis were cultured in 200 ul of the specified medium and labeled with 
2 uCi *HTdR for 20 hours. Cells were harvested into 10% cold TCA, 
filtered through GF/C glass fiber filters. washed, and the precipitable 
material was counted. Background counts of samples containing no cells 
were subtracted. The average background was 185 cpm. 

*Aminopterin (A) was added to a final concentration of 4 x 10°’ 
moi/L and hypoxanthine (H) to 1 x 10°* mol/L. 


by the different cell types was similar to that observed with 
thymidine (Table 4) and was significantly lower in plasma- 
free medium (data not shown). As shown in Table 5 for 
untreated cells at time 0 and 20 hours, the addition of either 
radiolabeled precursor 20 hours after the initiation of culture 
resulted in a reduction of the incorporation rate by 30% to 
50%. 

Response to GM-CSF. To determine whether isolated 
megakaryocytes would respond to hematopoietic growth 
factors, the response of megakaryocytes to rGM-CSF in 
culture was examined. Only the small megakaryocytes 
responded with significant increments in the thymidine or 
amino acid incorporation rates (2.3- and |.5S-fold respec- 
tively, P < .01; Table 5) with no siginificant change in the 
incorporation rate by the large cells (data not shown). The 
effect was pronounced only in cultures that were treated with 
the factor for about 20 hours before pulse-labeling with the 
radioisotopes. No increase in cell number was observed 
during the culture period. 


DISCUSSION 


Purified viable human megakaryocytes are required to 
study some aspects of the biology of these cells such as 
biosynthesis of specific proteins or the response to growth 
factors. Based on recent studies demonstrating the utility of 
fluorescence-activated cell sorting for analysis of animal 
megakaryocytes,”**'' we have established a technique for 


Table 4. Amino Acid Incorporation by Isolated Megakaryocytes 
ern enna e E a a a 


Culture — cpm cpm /Cell 
Conditions Type Number (+1 SD) (Mean) 
10% plasma* Small 2.000 15,040 + 1.095 7.5 
Large 2,000 10,520 + 1,237 §.2 
All 2,000 12,020 + 2.209 6.0 


Cells were cultured in 200 ul medium and pulse-labeled with 2 uci 
mixed *H-leucine and °H-lysine (1:1) for 20 hours. The cells were then 
harvested, and TCA-precipitable material was counted. Background 
counts of samples containing no cells were subtracted. The average 
background was 470 cpm. 

*Lysine, leucine-deficient RPMI 1640 medium supplemented with 
10% dialyzed normal human plasma. 


1740 


Table 5. Incorporation of "HTdR and *H-Lysine-Leucine Into 
Megakaryocyte Cultures Treated With rGM-CSF 





GM-CSF Time of Addition Calis Radiolabeled cpm 

Treatment of Radiolabel Plated Precursor {+1SD) 
_ Q 2,000 “HTdR 18,000 + 2,969 
$ 19,510 + 2,725 
= 1,500 “"H-Leu/Lys 10,510 + 1,334 
+ 9,820 + 1,519 
~~ 20 2,000 *HTdR 15,420 + 3,049 
+ 36,080 + 6.500 
— 1,500 °H-Leu/Lys 5,075 + 681 
+ 7,830 + 1,028 


Smali megakaryocytes were cultured in 200 ul of either Iscove’s 
medium plus AH for °HTdR incorporation or leucine- lysine-deficient RPMI 
1640 medium for °H-amino acid incorporation, both supplemented with 
10% normal human plasma. Recombinant GM-CSF was added at 1 
U/mL at the outset of culture. The radiolabeled precursors were added 
immediately or 20 hours after the addition of rGM-CSF. Eighteen hours 
later the cells were harvested, and TCA-precipitable material was counted 
as described. The data represent means (+ 1 SD) of three experiments. 


the preparative sorting of human megakaryocytes. Using this 
method, we have shown that megakaryocytes (a) can be 
isolated on the basis of an intrinsic cell surface marker rather 
than physical characteristics, (b) can be characterized and 
separated further by size, (c) are biosynthetically intact with 
the small cells more active than the large cells, and (d) 
respond to at least one characterized hematopoietic growth 
factor, GM-CSF. 

The method described herein presents several advantages. 
(a) Bone marrow aspirates are used as the starting material, 
thereby avoiding dependence on amputated bones and per- 
mitting serial studies to investigate cell physiology as well as 
clinical disorders of megakaryocytopoiesis. (b) The tech- 
nique ensures a nearly pure and biosynthetically viable (50% 
to 70%) cell population. (c) Selection of megakaryocytes by 
size, ploidy, or the expression of specific surface markers can 
be made for analytic as well as growth regulation studies. 

To sort megakaryocytes, monocellular suspensions are 
critical. The major obstacle in the preparation of a single-cell 
suspension of human marrow megakaryocytes was cellular 
aggregation. Any clot formation during marrow aspiration 
exacerbated this phenomenon. To obviate cell clumping, a 
number of modifications of the collection and dilution media 
were made. An ACD-A, EDTA, and PGE, mixture was used 
for marrow collection. The citrated dilution medium was 
supplemented with BSA and PGE,. However, the adenosine 
was omitted, and the concentration of theophylline was 
reduced to improve viability. The marrow suspension was 
admixed with Percoll to 1.020 g/mL before the density 
centrifugation, and the collected cell fraction was washed in 
the presence of a higher concentration of BSA (6%). These 
changes resulted in optimal dispersion and preservation of 
cells. Nevertheless, in some experiments detectable cellular 
aggregation was observed due to some additional, as yet 
undefined mechanism(s). 

The recovery of megakaryocytes was dependent on the 
number of washing steps and the total time required for the 
purification procedure. The presorting steps required two to 
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2.5 hours and resulted in a 50% yield of the enriched marrow 
cells. The efficiency of sorting was dependent on the accu- 
racy of the optical and fluidic settings. At optima! settings an 
efficiency of 80% to 90% was obtained. Surprisingly, concen- 
trating the purified megakaryocytes in the collecting tube by 
centrifugation resulted in about a 50% loss. To increase the 
yield and to improve viability, megakaryocytes were subse- 
quently sorted directly into culture vessels. As a result, the 
overall yield from an average bone marrow aspirate (about 
4 x 10° cells) under optimal sorting conditions was increased 
to 80,000, which constituted about 40% of the initial number. 
Higher yields of human megakaryocytes have been reported. 
However, the use of marrow aspirates for separation by CCE 
resulted in approximately 63% recovery but only 19% puri- 
ty. Amputated ribs offer a higher starting number of cells? 
with less admixture with blood. Separation by density fol- 
lowed by two velocity centrifugations resulted in up to 85% 
recovery and 70% to 95% purity." The need for ribs and the 
selection of cells on the basis of size limits to some degree the 
applicability of that method.**"? Although higher recoveries 
have been reported by others, the major aim of this work was 
to optimize the sorting technique to obtain pure and viable 
cells for subsequent studies in culture. It is likely that with 
optimization of the presorting steps the final yield would be 
significantly improved. However, as shown by the incorpora- 
tion studies, the present yield is sufficient to permit studies of 
growth factor responsiveness. 

The purity of the isolated megakaryocytes approached 
100% as observed in Figs 3 and 4. Achievement of this purity 
is governed by the specificity of the cell labeling and the 
accuracy of the sorting settings. As previously shown, the 
monoclonal antibody we used has been shown to react only 
with platelets and megakaryocytes in marrow.” Although 
epitopes of GPIIb and Ila are found in other cell types, those 
studies indicated that the monoclonal antibodies used in the 
present study identify epitopes found in platelets and mega- 
karyocytes but not in endothelial cells or monocytes.” The 
ability to distinguish between megakaryocytes and other 
marrow cells is demonstrated in Figs | and 2 where the mean 
fluorescence level of the megakaryocytes was more than 
50-fold that of the control cells. Using bidimensional plots of 
fluorescence v FSC, the frequency of megakaryocytes (about 
2%) enables localization and selection of the population of 
interest by more accurate gate settings. The precision of 
sorting can then be evaluated in real time by sorting the 
large, highly fluorescent cells on slides and examining them 
by phase-contrast microscopy to ascertain that these cells are 
morphologically recognizable megakaryocytes. 

Sorting of small megakaryocytes requires higher resolu- 
tion because it is based on fluorescence only and there is no 
sharp demarcation between small low-fluorescent mega- 
karyocytes and other cells exhibiting low nonspecific fluores- 
cence such as autofluorescence (Fig IA}. Use of the F(ab’) 
fragment improves the resolution by augmenting the differ- 
ence in fluorescence intensity between megakaryocytes and 
control cells up to 180-fold (Fig 1B). By using bidimensional 
plots, small megakaryocytes were sorted according to the 
FL1 level of the total megakaryocytic population and to the 
FSC levels corresponding to the size up to 20 wm in diameter 
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(Fig 2, upper left quadrant). To verify the lineage association 
of these small, highly fluorescent cells, we examined the 
expression of GPIb by an immunoenzymatic staining tech- 
nique. Approximately 75% of the small GPIIb/IIIa-positive 
cells also stained for GPIb. Based on data that GPIIb/IIIa 
appears or is detectable earlier in the differentiation 
sequence than GPIb, and on our ‘previous data assessing the 
specificity of our anti-GPIIb/IIIa monoclonal antibodies,” 
we conclude that these small cells expressing high levels of 
GPIIb/IIIa represent early cells in the megakaryocytic 
lineage that have yet to express the GPIb epitope. 

As shown by us?! and others,'' the majority (70%) of small 
megakaryocytes are found at densities >1.050 g/mL. The 
choice of cells of density <1.050 g/mL in this study was 
dictated by the need for megakaryocyte-enriched marrow to 
establish the sorting method. Studies requiring greater num- 
bers of small cells could be performed by increasing the 
Percoll density in the preliminary enrichment step. It is 
possible, however, to eliminate the enrichment procedure if 
sorting time is not a limitation. 

The size range of megakaryocytes (10 to 46 um) is similar 
to that reported by others,*'*”! and the ploidy distribution is 
similar to that found in previous work?! except for the higher 
proportion of 2N and 4N cells, probably as a result of using a 
different technique. 

Human megakaryocytes have the capacity to grow in 
culture and to be biosynthetically active.’'* However, cul- 
tures of highly purified human megakaryocytes have not 
been examined. In the present selection method the isolated 
pure megakaryocytes were able to grow in medium supple- 
mented with 10% plasma for at least three days and to show 
biosynthesis of proteins and DNA. An attempt to replace 
plasma by a defined medium was not fully successful, 
thereby indicating the inadequacy of the plasma substitute. 
Further studies will be required to determine whether this 
problem is trivial or related to the absence of a required 
growth factor(s). The low incorporation rate by the large 
cells suggests that mature megakaryocytes synthesize 
macromolecules at a lower rate than the small cells. How- 
ever, it cannot be excluded that large cells were damaged 
during the isolation procedure to a greater extent than the 
small cells.'! The incorporation rate was decreased by 30% to 
50% when cultures were pulse-labeled after 20 hours, which 
reflects, at least in part, the decrease in cell viability as a 
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function of time in culture. A similar phenomenon was 
observed by Greenberg et al using CCE and density centrifu- 
gation to purify rat megakaryocytes.” 

As has been found for other marrow cells, megakaryocytic 
proliferation and maturation are controlled by hematopoietic 
growth factors.” Pure cultures of marrow-derived megaka- 
ryocytes provide the opportunity to study the direct effect of 
such factors on the maturation of these cells. In this study the 
effect of rGM-CSF was examined. The data showed that the 
small cells responded with a significant increase in thymidine 
and amino acid incorporation. The insignificant response of 
the large cells may reflect biologic nonresponsiveness of 
mature megakaryocytes or could be related to damage 
incurred during the isolation procedure. The response of the 
small cells became evident when the cells were preincubated 
for 20 hours with rGM-CSF. This delay may be due to a 
requirement for synthesis of a regulatory protein(s) before 
the onset of general protein synthesis or recovery of cellular 
responsiveness to GM-CSF because they were exposed to 
nonphysiological medium for several hours. It is conceivable 
that GM-CSF is stimulating the megakaryocyte colony— 
forming cell (CFU-MK) or possibly a myeloid progenitor 
cell is contaminating the cultures. Some investigators have 
suggested that CFU-MK express GPIIb/IIIa, which permits 
these cells to be sorted by our method.” Mitigating against 
these possibilities are (a) the lack of an increment in cell 
number during the culture period, (b) the infrequency of 
progenitor cells (at least in mice) at Percoll densities <1.050 
g/mL,” and (c) more recent evidence suggesting that CFU- 
MK do not express GPIIb/IIIa.” Nonetheless, GM-CSF 
appears to promote ‘the biosynthesis of macromolecules in 
nonproliferating, presumably endoreduplicating megakaryo- 
cytes. This conclusion is not entirely surprising because 
GM-CSF has been shown to promote proliferation of progen- 
itor cells of other lineages including the CFU-MK as well as 
to influence the functions of mature cells in the granulocytic 
lineage.” ™ 

Based on these results and the known analytic potential of 
fluorescence-activated cell sorting, we conclude that the 
present method provides a useful means for the isolation and 
analysis of human megakaryocytes. This technique may 
facilitate the study of normal megakaryocytopoiesis in 
humans as well as the investigation of various clinical 
disorders of thrombocytopoiesis. 
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Augmentation of Neutrophil-Mediated Erythrocyte Lysis by Cells Derived 
In Vitro From Human Monocytes 


By Franco Dallegri, Alberto Ballestrero, Guido Frumento, and Franco Patrone 


Neutrophilic polymorphonuclear leukocytes (PMNs) were 
incubated with opsonized zymosan and lysed human eryth- 
rocytes (RBCs) as measured by a "Cr release method. 
Conversely, myeloperoxidase (MPO)-negative hydrogen 
peroxide (H,O,)-generating cells, derived in vitro from 
human monocytes (monocyte-derived cells (MDCs), were 
ineffective per se but capable of augmenting the lysis by 
PMNs. The lysis by PMNs and PMNs plus MDCs was 
inhibited by catalase, azide, taurine, and alanine, consistent 
with the requirement for hypochiorous acid (HOCI). As 
detected under conditions similar to those used for lytic 
assays, MDCs failed to produce HOCI but augmented the 
HOC! recovery from the PMN-RBC system. Moreover, 
when the extent of the lysis was plotted as a function of 
the HOCI recovery, a positive linear relationship was found. 
Although the actual size of the H,O, extracellular pool 


HEN TRIGGERED by appropriate stimuli, either 

soluble (phorbol myristate acetate) or particulate 
(opsonized zymosan [OPZ], heat-aggregated IgG), neutro- 
phils (neutrophilic polymorphonuclear leukocytes [PMNs]) 
have been shown to be capable of lysing a wide spectrum of 
eukaryotic target cells."° These in vitro systems of cytolysis 
have been used to understand the mechanisms by which 
PMNs may injure tissue cells at inflammatory sites. In the 
present paper, by the use of a previously characterized 
system constituted of OPZ-triggered PMNs and human 
erythrocytes (RBCs) as targets, we provide evidence that 
the PMN cytolytic efficiency can be augmented by myelo- 
peroxidase (MPO)-negative cells derived in vitro from 
human monocytes (MDCs) and per se incapable of mediat- 
ing lysis. The results uncover a novel possible role for 
MPO-negative mononuclear phagocytes in interaction with 
PMNs during inflammatory processes. 


MATERIALS AND METHODS 


Preparation of PMNs, Heparinized venous blood (heparin, 10 
U/mL, Liquemin, Roche, Milan, Italy) was obtained from healthy 
male volunteers. PMNs were isolated by dextran sedimentation and 
subsequent centrifugation on a Ficoll-Hypaque density gradient as 
previously described. Contaminating erythrocytes were removed by 
hypotonic lysis. The resulting PMNs were washed three times with 
Hanks’ balanced salt solution lacking phenol red (HBSS, Flow 
Laboratories, Ltd, Irvine, Scotland) and resuspended in HBSS 
supplemented with 0.1 mg/mL bovine serum albumin (BSA, Cal- 
biochem-Behring, San Diego) (BSA-HBSS). Final cell suspensions 
contained 97% or more PMNs and more than 98% viable cells as 
evaluated by the ethidium bromide—fluorescein diacetate test.’ 

Preparation of MDCs. Venous blood (350 mL) from healthy 
male volunteers was collected into 53 mL of anticoagulant citrate- 
phosphate-dextrose-adenine (CDPA) (Baxter, Trieste, Italy). The 
buffy coat, obtained two to three hours after venipuncture, was 
diluted with an equal volume of 0.9% NaCl, and 25 mL of the cell 
suspension was layered on 15 mL Ficoll-Hypaque (Nyegaard & Co, 
Oslo) in 50-mL polypropylene conical tubes (No. 25330, Corning 
Glass Works, Corning, NY). After centrifugation (400 g, 30 min- 
utes, 22°C), the upper cell layer (mononuclear cells) was collected 
and spun down at 400 g for ten minutes at 22°C. The sedimented 
cells were washed three times with HBSS (200 g, ten minutes, 22°C) 
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could not be measured because of the inexistence of a 
reliable assay to probe our cytolytic model without per- 
turbing the equilibrium of the system, the results pre- 
sented suggest that MDCs enhance the PMN-mediated 
lysis by improving the HOCI production, presumably by 
supplying extra amounts of H,O, to be handied by PMN 
MPO. In fact, the events mediated by MDCs could be 
reproduced by using an appropriate H,O,-generating enzy- 
matic system (glucose—glucose oxidase}. The present 
study provides direct evidence for the possibility of cooper- 
ation between MPO-positive and MPO-negative phago- 
cytes in exerting functions (HOCI production and, in turn, 
cytolysis) possibly relevant to the outcome of inflammatory 
processes. 

© 1987 by Grune & Stratton, inc. 


and resuspended in Fisher’s medium (Flow) supplemented with 25% 
filtered horse serum (HS, Flow), 2 mmol/L glutamine, 100 U/mL 
penicillin, and 100 pg/mL streptomycin (HS-Fisher’s medium‘). 
The cells were then plated in 75-cm* tissue culture flasks (Sterilin, 
Ltd, Teddington, England) in thin suspension layers (2 x 10°/mL. 5 
mL). After incubation for two hours at 37°C in a humidified 
atmosphere of 95% air and 5% CO,, nonadherent cells were removed 
by washing five times with prewarmed (37°C) HBSS and the 
adherent cells overlaid with 8 mL HS-Fisher’s medium. The flasks 
were then returned to the CO, incubator. Three days later, the 
medium containing detached cells was decanted, and adherent cells 
were rinsed three times with prewarmed (37°C) HBSS, Adherent 
cells were then removed by pipetting after incubation (20 minutes, 
4°C) with phosphate-buffered saline (PBS, pH 7.4) containing 0.2% 
EDTA (Sigma Chemical Co, St. Louis} and 5% heat-inactivated (30 
minutes, 56°C) fetal calf serum (Flow)? The resulting cells were 
centrifuged (200 g, ten minutes, 4°C), washed three times with cold 
(4°C) HBSS, and resuspended in cold (4°C) BSA-HBSS. Only cell 
suspensions containing >90% a-naphthyl acetate esterase--positive 
cells, as determined by the method of Li et al? were used. These 
cells, referred to as MDCs, were >97% viable as judged by the 
ethidium bromide—fluorescein diacetate test.’ 

Preparation of OPZ. OPZ. was prepared by incubating a sus- 
pension containing 10 mg/mL boiled zymosan (Sigma) in PBS (pH 
7.4) with an equal volume of fresh human serum for 30 minutes at 
37°C. The particles were then washed three times with PBS and 
resuspended in BSA-HBSS at the appropriate concentration. 

Measurement of RBC lysis. The RBC lysis was studied by a 
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5! release method as previously described.* Briefly, RBCs were 
washed four times with HBSS and labeled (60 minutes, 37°C) with 
100 to 200 pCi Na,[*'Cr]O, (Radiochemical Centre, Amersham, 
England). The cells were then washed three times with HBSS and 
resuspended in BSA-HBSS. When required, RBCs were pretreated 
(60 minutes, 37°C) with 20 mmol/L 3-amino-1,2,4-triazole (AT, 
Sigma) plus 2 mmol/L L-ascorbic acid (Sigma) (RBC*") to inhibit 
catalase activity. A quantity of 10° RBCs were mixed with PMNs, 
MDCs, or PMNs plus MDCs at appropriate concentrations. In some 
experiments, MDCs were replaced by glucose oxidase (GO, type I, 
Lot 111F-9605, Sigma) dissolved in HBSS (prepared without glu- 
cose) and mixed with the other components of the reaction to reach a 
final concentration of 5 mU/mL (incubation medium, BSA-HBSS 
with | mg/mL glucose). Incubations were initiated by the addition 
of OPZ (0.4 mg/mL) and followed by centrifugation of the samples 
at 50 g (five minutes, 22°C). Tests were performed in triplicate and 
in a final volume of 200 uL in round-bottomed microplates (Steril- 
in). After incubation for four hours at 37°C in a humidified 
atmosphere of 95% air and 5% CO), the ‘Cr release was determined 
in the cell-free supernatants. The percentage of cytolysis (percent 
SiCr release) was calculated according to the formula (£ — S)/ 
(T ~ S) x 100, where E is the counts per minute released in the 
presence of effector cells, T is the counts per minute released after 
lysing target cells with 5% Triton X-100 (Sigma), S is the counts per 
minute spontaneously released by target cells in the absence of 
effector cells (in each case, < 10%). 

Measurement of H,O, release. The hydrogen peroxide (H,O)) 
release was studied by a modification of the homovanillic acid 
(HVA)~horseradish peroxidase (HRP) method’? as previously 
described.'' Tests were performed in triplicate under experimental 
conditions similar to those used for cytolytic assays except that 
incubations were done in Falcon plastic tubes (12 x 75 mm, Falcon 
Labware, Oxnard, CA). Briefly, 5 x 10° PMNs were incubated 
(37°C) with and without 0.4 mg/mL OPZ in the presence of 200 
umol/L HVA (Sigma) plus 2 U/mL HRP (Sigma). When required, 
2 x 10° RBC targets were added. Similar experiments were carried 
out with an appropriate number of MDCs both in presence and in 
absence of PMNs. The cells were sedimented by centrifugation (50 
g, five minutes) at the beginning of the assay. The reactions, 
performed in a final volume of 2 mL, were stopped after 20 minutes 
with 0.25 mL of 0.1 mol/L glycine-NaOH buffer (pH 12) contain- 
ing 25 mmol/L EDTA. The amount of H,O, in the cell-free 
supernatants was determined fluorimetrically (Ax = 312 nm, 
hem = 420 nm) by using appropriate standards of H,O). Preliminary 
experiments showed that the amount of H,O, recovered from 
OPZ-triggered neutrophils incubated (20 minutes) as a pellet equals 
that recovered from OPZ-triggered neutrophils incubated as a pellet 
during the first five minutes of the assay period (20 minutes) and 
then resuspended and maintained in suspension. 

Measurement of HOCI production. The generation of hypo- 
chlorous acid (HOCI) by OPZ-triggered PMNs was quantitated by 
the taurine trapping technique’? as previously described.’ The 
conditions of the assay were identical to those used for the H,O, 
release except that the reactions were carried out in a final volume of 
| mL. Briefly, an appropriate number of PMNs was incubated (20 
minutes, 37°C) with 0.4 mg/mL OPZ in the presence of 20 mmol/L 
taurine (Sigma). Tests were performed in the presence and in the 
absence of 2 x 10° RBC targets or 300 units catalase (bovine liver, 
Sigma; amount of enzyme chosen on the basis of preliminary 
experiments). Similar experiments were carried out with MDCs 
both in presence and in absence of PMNs. The cells were sedimented 
by centrifugation (50 g, five minutes) at the beginning of the assay. 
At the end of the incubation period (20 minutes), catalase (600 
units, Sigma) was added to reduce any residual H,O,. The samples 
were then incubated (22°C, five minutes) with 100 nmol of 
5-thio-2-nitrobenzoic acid (Nbs) prepared by reducing 5-5’-dithiobis 
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(2-nitrobenzoic acid) (Sigma) as described by Aune and Thomas.” 
The amounts of Nbs oxidized were determined by measuring the 
absorbance at 412 nm of the cell-free supernatants (e = 1.36 x 10° 
mol/L/em). The quantities of HOCI trapped by taurine (yelding 
taurine chloramine) were calculated by taking into account that | 
mol taurine chloramine oxidizes 2 mol Nbs." As for the H,O), assay, 
the method of HOC! detection maintained its efficiency also when 
tests were carried out with cells incubated as a pellet for 20 minutes. 
Under the conditions described earlier, the uptake of taurine chlo- 
ramine by RBCs, via the 4,4’-diisothiocyano-2,2’-disulfonic acid 
stilbene (DIDS)-inhibitable anion transport system,’ did not affect 
the taurine chloramine recovery (the amounts of taurine chloramine 
recovered in the presence of RBCs equalled those recovered in the 
presence of RBCs pulsed (30 minutes) with 0.1 mmol/L DIDS 
(Sigma). 

Enzyme assays. The total cell content of MPO was measured 
after lysing the cells by sonication followed by freezing-thawing and 
solubilization with 0.5% hexadecyltrimethylammonium bromide 
(HTAB, Sigma).’* The MPO activity released by cells incubated 
(one hour, 37°C) with 0.4 mg/mL OPZ was determined in HTAB- 
untreated cell-free supernatants. The MPO assay was done by an 
Q-dianisidine method as previously described." One unit of enzyme 
activity was defined as that oxidizing | amol of O-dianisidine/min at 
25°C (optical density, 550, € = 11.3 mmol/L/em). 

For determination of RBC catalase activity, the cells were lysed as 
described by Beutler,” and the enzyme activity was determined by 
recording the rate of decomposition of H,O, at 230 nm {e = 0.071 
mmol/L/cm).'’ The activity of “reagent” catalase (bovine liver, 
Sigma) was measured similarly. The results were expressed as 
nanomoles H,O,/min at 25°C or units (1 unit of enzyme activity Was 
defined as that catalyzing the breakdown of | umol H,O,/min at 
25°C). 

Special materials. Superoxide dismutase (SOD, type 1, bovine 
blood, Sigma), stored at ~-20°C ata concentration of 5 mg/mL in 
distilled water, was diluted in medium before use. Catalase (bovine 
liver, 40,000 U/mg protein), taurine, L-alanine, mannitol, and 
benzoate were purchased from Sigma. Sodium azide (NaN) and 
(NH,),SO, were from Merck, Darmstadt, FRG. MPO, as a super- 
natant from the PMN granule fraction (MPO 4,800 mU/mL. 24.9 
mg/mL. protein), was prepared by using normal human PMNs and 
stored at ~20°C."® Other reagent-grade compounds were used as 
obtained from commercial suppliers. In some experiments, BSA- 
HBSS medium was replaced with a Cl’-free, 0.1 mol/L phosphate 
buffer (pH 7.4) with 1.5 mmol/L MgSO, supplemented with | 
mg/mL ghucose (Merck) and 0.1 mg/mL BSA (Calbiochem- 
Behring (Ct -free medium). 


RESULTS 


As depicted in Fig 1, OPZ-triggered PMNs lysed RBC 
targets, whereas MDCs were ineffective. When added to the 
PMN-RBC system (0.25 x 10° PMNs plus 10° RBCs, 
PMN:RBC ratio, 1:4), MDCs enhanced the lysis in a 
dose-dependent manner (Fig 2). As detailed in Table 1, the 
lysis in the complete PMN-MDC-RBC system (0.25 x 10° 
PMNs plus 0.25 x 10% MDCs plus 10° RBCs) was inhibited 
by adding catalase to destroy H,O, (heat-inactivated cata- 
lase was ineffective), azide to inhibit MPO, and amino acids 
(alanine, taurine) to scavenge HOCI. Scavengers of superox- 
ide anion (SOD) and hydroxy! radicals (mannitol, benzoate) 
were ineffective (Table 1). Similar results were obtained in 
the PMN-RBC system (Table 1), in agreement with our 
previous findings.*'' Moreover, the absence of Cl” com- 
pletely prevented lysis in the PMN-MDC-RBC system (per- 
cent °'Cr release, 0.1 + 0.8 and 36.0 + 2.3 in the absence and 
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Fig 1. OPZ-triggered RBC lysis by PMNs or MDCs. The num- 
ber of RBCs Is 10°/well. Each point represents x + 1 SD of at least 
three experiments. 


in the presence of Cl” respectively, x + 1 SD, n = 3). Simi- 
larly, Cl~ was required for RBC lysis by PMNs.” Finally, 
the addition of 20 mmol/L NH,* caused >95% inhibition of 
the lysis in both the PMN-RBC and the PMN-MDC-RBC 
systems. These data suggest that amplification of PMN- 
mediated lysis by MDCs requires HOCI production via the 
MPO-H,O,-Cl- system. 

To gain further insight into the mechanism whereby 
MDCs enhance PMN-mediated lysis, we measured the 
recovery of H,O, and HOCI generated by PMNs and MDCs 
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Fig 2. Augmentation of the OPZ-triggered PMN-mediated 
RBC lysis by MDCs. The abscissa shows the number of MDCs 
added to the PMN-RBC system (0.25 x 10° PMNs plus 10° 
RBCs/well). Each point represents x + 1 SD of at least four 
experiments. 
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Table 1. Effect of Scavengers and Inhibitors of Oxygen-Reactive 
Species on the OPZ-Triggered RBC Lysis by 


PMNs Plus MDCs or by PMNs 
Percent RBC Lysis® by 
Additive PMNs + MDCs PMNs 
None 35.6 + 2.5 49.3 + 6.0 
SOD, 300 U/ml. 35.6 + 4.0 47.3 + 2.3 
Catalase, 4,000 U/mL 0.1 + 1.1 —0.1 + 0.7 
Azide, 1 mmol/L 5.6 + 2.7 8.0 + 4.2 
Taurine, 20 mmol/L. 4.6 + 1.8 5.9 + 2.6 
Alanine, 20 mmol/L 4.5 4 2.5 4.5 + 3.1 
Mannitol, 20 mmol/L 35.1 + 4.2 47.0 + 2.6 
Benzoate, 20 mmol/L 34.8 + 3.7 50.9 + 7.4 


*PMN-MDC-RBC system, 0.26 x 10° PMNs plus 0.25 x 10° MDCs 
plus 10° RBCs; PMN-RBC system, 10° PMNs plus 10° RBCs. Results are 
expressed as x + 1 SD of three experiments. 


under conditions similar to those used for cytolytic assays 
(cells incubated as a pellet). As shown in Table 2, both 
PMNs and MDC-s, incubated with OPZ in absence of RBCs, 
released H,O,. Nevertheless, only PMNs produced HOCI 
(Table 2), consistent with the absence of detectable MPO 
activity in MDCs (MDC MPO content, undetectable; PMN 
MPO content, 157.2 + 11.3 mU/10° PMNs, OPZ-triggered 
MPO release, 4.2 + 0.6 mU/10° PMNs/th, x+1 SD, 
n= 4). When MDCs were added to PMNs in absence of 
RBCs, the H,O, recovery increased, but the HOCI recovery 
did not change (Table 2). It seems therefore that the HOC] 
production cannot be further enhanced by the extra amount 
of H,O, supplied by MDCs. This is in agreement with the 
incapacity of the H,O -generating enzymatic system, glu- 
cose-GO, to increase the HOCI production by OPZ- 
triggered PMNs (HOCI recovery, 15.5 + 2.6 and 15.9 + 2.6 
nmol/5 x 10° PMNs/20 min from PMNs incubated alone 
or with 5 mU/mL GO respectively; 5 mU/mL generated GO 
2.3 + 0.5 nmol/H,0,/min, x + 1 SD, n = 3). In ancillary 
experiments carried out with cells in suspension instead of 
centrifuged as a pellet, the HOC! production by OPZ- 
triggered PMNs could not be augmented by adding 5 
mU/mL GO or 16 mU/mL MPO from the supernatant of 
the PMN granule fraction (92.8 + 6.9, 92.8 + 7.3, and 
91.5 + 9.2 nmol HOCI/10° PMNs/1 h from PMNs incu- 
bated alone, with GO, and with MPO respectively, x + 1 SD, 
n = 3). 

When RBCs were added to PMNs to complete the system 
(PMN:RBC ratio, 1:4; number of RBCs 2 x 10°: cells were 
incubated as a pellet) as in the cytolytic assays, a decreased 


Table 2. Recovery of H,O, and HOCI From OP2Z-Triggered PMNs 
and/or MDCs n the Presence and in the Absence of RBCs 


Extracellular Recovery} 
Assay Conditions* H,O, HOC] 

PMNs 15.3 + 2.7 14.8 + 1.2 
MDCs 7.424 1.0 0 
PMNs + MDCs 21.3+3.5 14.1 +4 1.4 
PMNs + RBCs 7.621.3 8.1+ 0.9 
MDCs + RBCs 4.6 + 1.7 0 
PMNs + MDCs + RBCs 12.3 + 1.4 12.8 + 1.2 


*PMNs, 5 x 10°: MDCs, 5 x 10°: RBCs, 2 x 10°. 
fin nmol/20 min, x + 1 SD of three experiments. 
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H,O, and HOCI recovery (~50%) was found (Table 2). This 
reduction in HOCI generation results in a relative impair- 
ment of the HOCI-dependent PMN lytic efficiency.® As 
summarized in Table 2, MDCs increased the H,O, and 
HOCI recovery from the PMN-RBC system. Moreover, 
when the extent of the lysis by PMNs and PMNs plus MDCs 
(Figs 1 and 2) was plotted as a function of the HOC! 
recovery detected under conditions similar to those used for 
cytolysis (identical cell ratios but with 2 x 10° RBCs instead 
of 10° RBCs used in lytic assays), a positive linear relation- 
ship was found (Fig 3). Together, these results suggest the 
possibility that MDCs amplify the lysis primarily by improv- 
ing the HOCI production in the PMN-RBC system, possibly 
through an effective restoration of the PMN H,O, extracel- 
lular pool depleted by RBC targets. Three additional find- 
ings are consistent with this possibility. First, the replace- 
ment of RBC targets with RBC“? (RBC“ had a >94% 
reduction in catalase activity; catalase activity of native 
RBCs 4,258 + 112 nmol H,O,/min/10°cells, x + 1 SD, 
n= 6), incapable of efficiently consuming PMN-derived 
H,0,,° completely abrogated the MDC capacity to augment 
the PMN-mediated HOCI-dependent (not shown) lysis (per- 
cent increment, 1.1 + 3.7, x + 1 SD, n = 3) and the HOCI 
recovery from the system (percent increment, — 0.02 + 8.2, 
x + 1 SD, n = 4). Second, enhancement of the HOCI pro- 
duction by MDCs in the PMN-RBC system (Table 2) could 
be reproduced by substituting catalase for RBCs in the 
system (Table 3) and choosing an amount of enzyme (300 
units in | mL) that results in a reduction of the HOCI 
recovery from PMNs similar in magnitude to that observed 
in the presence of 2 x 10° RBCs (Tables 2 and 3). The 
requirement for 300 units catalase, ie, ~35 times the amount 
of catalase in 2 x 10° RBCs, is conceivably due to the fact 
that the enzyme is distributed throughout the assay volume 
(1 mL) whereas RBC catalase is confined to the cell pellet 
(the HOCI assays were carried out with cells as a pellet to 
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Fig 3. Positive linear relationship (P < .01) between the RBC 
lysis mediated by PMNs (@) and PMNs plus MDCs (I) (data from 
Figs 1 and 2) and the HOCI recovery (nmol/20 min) from PMNs (@) 
and PMNs plus MDCs (W) in presence of RBC targets (as for the 
lytic assays, the number of RBCs was kept constant, 2 x 10°). Each 
point represents x + 1 SD of at least three experiments. Regres- 
sion line, y = 5.436 x — 31.266. 
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Table 3. Recovery of HOCI From OPZ-Triggered PMNs and/or 
MDCs in the Presence and in the Absence of Catalase 
A ee la ere aM cect igen ieee S 


Heenan rere t ai aa e: 


Assay Conditions” HOCI Recoveryțt 
PMNs 15.6 + 1.9 
MDCs G 
PMNs + MDCs 15.7 + 1.3 
PMNs + catalase 8.8 + 1.4 
MDCs + catalase G 
PMNs + MDCs + catalase 14.3 + 1.0 
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*PMNs, 5 x 10°; MDCs, 5 x 10°; catalase, (bovine liver, Sigma), 
300 units. 
tin nmol/20 min, x + 1 SD of three experiments. 


simulate the conditions used for measuring the lysis). Third, 
the PMN-mediated RBC lysis was augmented by 5 mU/mL 
GO, per se virtually ineffective (Fig 4). The lysis was 
prevented by the MPO inhibitor azide as well as by the 
HOClI-trapping agent taurine (Fig 4). In addition, 5 mU /mL 
GO enhanced the recovery of HOCI from the PMN-RBC 


expected value of 55% (value calculated on the basis of the 
regression line from Fig 3 by using the extent of the RBC 
lysis by PMNs plus GO as known variables). 


DISCUSSION 


In our model system as reported elsewhere and herein 
confirmed by probing cytolysis with chemical agents, the 
RBC lysis by PMNs requires HOCI production via the 
MPO-catalyzed oxidation of chloride ions by H,O». 
Although the cytolysin or cytolysins actually operative 
remain to be identified, |"?! the extent of the lysis strictly 
correlates with the amount of HOCI generated by PMNs, at 
least under our experimenta! conditions (the present paper 
and Dallegri et alf). Consistent with this view, MPO- 
negative MDCs incapable of generating HOC! cid not cause 
lysis unless supplemented with MPO activity from a super- 
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Fig 4. Effect of GO on the RBC lysis by OPZ-triggered PMNs. 
The ordinate shows the percent lysis by (A) 0.25 x 10° PMNs, (B) 5 
mU/mL GO, (C) 0.25 x 10° PMNs plus 5 mU/ml GO, {D} 0.25 x 10° 
PMNs plus 5 mU/mt GO plus 1 mmol/L azide, and {E} 0.25 x 10° 
PMNs plus 5 mU/mt GO plus 20 mmol/L taurine. The number of 
RBCs is 10°/well. Results are expressed as x + 1 SD of three 
experiments. 
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natant of the PMN granule fraction (unpublished observa- 
tions). Nevertheless, they efficiently augmented both HOCI 
recovery from the PMN-RBC lytic system and the HOCI- 
dependent lysis. 

A series of interconnected events underlies the expression 
of the observed MDC “helper” activity. After the interaction 
between the PMN surface and OPZ, a plasmalemma- 
associated NADPH oxidase system is activated in the area of 
PMN-OPZ contact,” with consequent H,O, production. The 
generated H,O, is released directly into the extracellular 
fluid until the OPZ particle is completely engulfed. Part of 
this H,O, can probably undergo backdiffusion into PMNs 
themselves.” At the luminal surface of the phagosomal 
membrane, which is derived from the plasmalemma, H,O, 
production continues,” and the generated HO, can diffuse 
into PMN cytoplasm and outside the cell.” The net amount 
of H,O, released extracellularly (extracellular H,O, pool) 
represents that fraction of H,O, synthesized and not used by 
PMN catabolic pathways in different subcellular compart- 
ments, including MPO within phagosomes*”! and the cata- 
lase and glutathione cycle within the cytosol.*** Although 
discrepancies exist among different authors, °? in our set- 
ting the extracellular H,O, pool is likely to be transformed 
entirely into HOC! by the MPO released into the medium or 
absorbed to the PMN surface. In fact, HOCI production by 
OPZ-triggered PMNs could not be augmented by adding an 
appropriate surplus of MPO activity, which suggests that the 
H,O, available for the chlorinating reaction is entirely used 
by the released MPO. Moreover, HOC! production could not 
be augmented by biochemical (GO) or cellular (MDCs) 
extra sources of H,O., which suggests that the amount of 
MPO released functions at a maximum rate without a 
potential reserve of activity. Thus, it appears that OPZ- 
triggered PMNs produce a definite amount of HOCI by 
releasing MPO and H,O, via a process so balanced that 
excesses of MPO and H,O, are virtually absent or, if present, 
trivial at least under our conditions (pH, C1~ concentration, 
temperature). Although the H,O, released and transformed 
into HOCI represents a relatively small fraction of the total 
amount of H,O, produced (Nauseef et al, Test and Weiss,” 
and unpublished observations) and is generally assumed to 
be in dynamic equilibrium with the remainder (primarily 
dissipated by the PMN catabolic pathways mentioned ear- 
lier), it can be expected that the addition of extra H,O,- 
consuming pathways to the PMN microenvironment can 
perturb the equilibrium of the system so much that subse- 
quent HOC] production is impaired. RBCs added to OPZ- 
triggered PMNs to make up a complete cytolytic system 
reduce the HOC! production by consuming H,O, primarily 
via catalase (Dallegri et al,f Test and Weiss,” and the 
present paper). Such a consumption of H,O,, which results in 
a relative impairment of HOCI-dependent PMN lytic effi- 
ciency,” is likely to take place within RBC targets before 
lysis. In fact, the PMN-delivered lethal hit and the RBC 
catalase~mediated impairment of the lysis occur during the 
first 45 minutes of incubation when target cells are still 
“viable” (changes in the final extent of the lysis could not be 
detected when exogenous catalase was added to block the 
lytic pathway 45 minutes after the start of the incubation 
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period, lysis at this time being virtually absent: unpublished 
observations). This is consistent with results obtained by 
other authors in a different system” and with the fact that 
H,O,, having a relatively low reactivity and no charge, can 
diffuse away from its sites of formation and across cell 
membranes easily.”! Although attempts to directly measure 
the actual size of the extracellular H,O, pool in our cytolytic 
system with cells as a pellet (without adding extra H,O- 
consuming pathways, for instance, HRP) are presently ham- 
pered by the nonexistence of a reliable H,O, assay, the 
results herein reported provide inferential evidence that the 
reduction of the PMN extracellular H-O, pool by RBC 
catalase and the reconstitution of this pool by MDCs are 
crucial to MDC-mediated augmentation of PMN HOC! 
production and, in turn, lysis. This is suggested by different 
findings. First, neither HOC! recovery nor the extent of the 
lysis could be augmented by MDCs after inhibition of the 
RBC H,O,-consuming capacity, ie, using RBC“" as targets. 
Second, enhancement of HOCI production by MDCs in the 
PMN-RBC system could be reproduced by substituting an 
appropriate amount of reagent catalase for RBCs in the 
system. Third, MDC-dependent enhancement of both HOC! 
recovery from the PMN-RBC system and PMN-mediated 
lysis could be reproduced by replacing MDCs with an 
appropriate H,O,-generating enzymatic system (GO, Fig 4) 
or H,O)-generating, granule-depleted PMN cytoplasts 
obtained as described by Roos et al? and unpublished 
observations). Fourth, the “final” events occurring in our 
system in the presence and in the absence of MDCs (amount 
of HOCI produced and extent of the lysis) strictly correlate 
(Fig 3). Thus, on the basis of these observations coupled with 
the evidence that MDCs are per se cytolytically ineffective 
and with the results obtained by probing the lytic systems 
with chemical agents, we conclude that (a) MDCs amplify 
the lysis by improving HOCI production, presumably via an 
effective restoration of the extracellular H,O; pool generated 
by PMNs and depleted by RBCs; and (5) if present, the 
intervention of nonoxidative cytolytic factors, released by 
MDCs and capable of contributing to the lysis,” would be 
trivial at least under the present conditions. In addition, the 
involvement of PMN-directed cytokines released by MDCs 
and capable of increasing the HOCI production can be ruled 
out because MDCs did not affect the HOCI recovery from 
PMNs in absence of RBCs. Similarly, the possibility that 
MDCs may act by releasing NH,*, which favors NHC] 
formation (NH,* + HOCI — NH,CI + H,O + H+), can 
be ruled out because exogenous NH,* inhibited the lysis in 
the PMN-RBC system thus suggesting that lytic levels of 
NHC] cannot be reached in our conditions. Finally, because 
MDCs had no effect when added to the PMN-RBC*? 
system, it is unlikely that they act by sensitizing RBC targets 
to the PMN-delivered, HOC!-mediated attack. 

In conclusion, it has been reported that macrophages 
ingesting effete PMNs or granules from PMNs become 
capable of mediating MPO-dependent iodination.” Further, 
macrophages can use eosinophil peroxidase (EPO) to 
enhance their microbicidal or cytolytic activity.” ®™® These 
results have suggested a way by which MPO-negative and 
MPO-positive phagocytes can interact synergistically in 
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exerting certain effector functions. Nevertheless, the afore- 
mentioned experiments were performed with cellular debris 
or purified cellular components (EPO, MPO). In the present 
study using two complete viable cellular systems, ie, PMNs 
and MPO-negative MDCs, we attained direct evidence for 
cooperation between two distinct populations of phagocytes 
in mediating cytolysis. Although speculative, the present use 
of MDCs as a model raises the possibility that macrophages 
at inflammatory sites may interact with neutrophils to 
increase the local HOC! production and, in turn, the injury of 
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surrounding tissue cells, This might be only one of the events 
amplified by macrophages anc relevant to the outcome of the 
inflammatory process. In fact. aside from the role in promot- 
ing cytolysis, phagocyte-derived HOCI and/or its chlori- 
nated derivatives have recently been recognized to mediate a 
variety of biologic effects, either protective or harmful to the 
host,” ranging from the destruction of microorganisms” 
and modulation of lymphocyte function” to the inhibition of 
antiproteinase activities” and inactivation of chemotactic 
factors.” 
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Expression of Myelomonocytic Antigens on Chronic Lymphocytic Leukemia B 
Cells Correlates With Their Ability to Produce Interleukin 1 


By Fortunato Morabito, Edgar F. Prasthofer, Nancy E. Dunlap, Carlo E. Grossi, and Arabella B. Tilden 


We analyzed the expression of myelomonocytic-associated 
antigens on lymphocytes from B cell chronic lymphocytic 
leukemia (B-CLL) patients. Blood mononuclear cells were 
depleted of monocytes by one-step Percoll density gra- 
dient centrifugation and tested for antigen expression by 
fluorescent microscopy and flow cytometry. The reactivity 
of patient lymphocytes was as follows: 26 of 31 were 
positive for CD14 (Myr), 22 of 31 for a monocyte Fc 
receptor (MFC-1}, 22 of 31 for CD11b (C3bi receptor), 
eight of 31 for CD15 (Leu-M1), five of 18 for CD13 (My 7), 
seven of 18 for My 9, and five of 30 for Mo 2. The B 
lymphocytes of B-CLL patients were also tested for the 
ability to produce interleukin 1 (IL-1) after depletion of 


HE CLONAL ORIGIN of B cell chronic lymphocytic 
leukemia (B-CLL) is well established,’* and various 
degrees of B cell maturation have been consistently detected 
among clones from different patients as well as among cells 
of each individual clone.**® Differences in the expression of 
some surface antigens and receptors exist between B-CLL 
cells and resting, mature peripheral blood B cells. Notably, 
B-CLL cells express the 67-kd glycoprotein CDS recognized 
by the monoclonal antibodies Leu-!] and OKT1.7"' This 
marker is found on all T cells but is absent from most B cells 
from adult blood and tissues, with the exception of a minority 
of B cells localized in the follicles of lymphoid tissues.'* In 
contrast, CD5 is frequently detected on fetal B cells and in 
the early phase of B cell reconstitution after bone marrow 
transplantation.’*’* Altogether, these data suggest that the 
normal counterpart of B-CLL cells is an immature B cell. 
Other surface determinants unrelated to normal B cell 
lineage have been found on B-CLL cells such as antigens 
revealed by anti~T cell heteroantisera'®; Leu-8—-TQI, an 
antigen previously thought to be restricted to cells of T 
lineage'®; and sheep erythrocyte receptors, commonly, but 
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monocytes and T lymphocytes. In 13 of 17 cases, B 
lymphocytes of patients produced IL-1 as detected in a 
mouse thymocyte proliferation assay and, in selected 
cases, a radioimmunoassay specific for IL-1,. The 13 cases 
that produced IL-1 were also positive for the expression of 
one or more myelomonocytic-associated antigens, 
whereas the four cases that did not produce IL-1 lacked 
expression of these antigens. In conclusion, the malignant 
B cells of B-CLL patients frequently express a variety of 
antigens generally considered specific for myelomonocytic 
cells, and expression of these antigens is associated with 
the ability to produce IL-1. 

è 1987 by Grune & Stratton, inc. 


not always related to antisheep erythrocyte activity of the 
monoclonal surface immunoglobulin.” 

The finding of myeloid lineage markers on malignant 
lymphoblasts has been quite frequent in acute leukemia, 
which raises the issue of lineage infidelity or promiscuity, 
In contrast, myeloid marker expression on malignant cells 
from chronic leukemia patients has not been described, with 
the exception of C3bi (CR3) receptors (CD11b), which have 
been detected on B-CLL cells” and, more commonly, on 
hairy cells.” In this respect, it is of note that CDI 1b is also 
found on cells with the T-helper’ and T-suppressor” pheno- 
types and on a large proportion of natural killer (NK) cells.” 
B-CLL cells may share functional properties with myelo- 
monocytic cells and NK cells, namely, the ability to produce 
and release interleukin I (IL-1).*°" 

In this study we show that, in addition to CDI 1b, other 
myelomonocytic markers are frequently expressed on 
B-CLL cells and that the presence or absence of these 
markers correlates with their ability or inability to produce 
IL-1. 


MATERIALS AND METHODS 


Patient population. Thirty-one patients with B-CLL were diag- 
nosed on the basis of clinical, morphological, and immunelogic 
criteria. All patients had WBC counts ranging from 11 to 200 x 
10’/uL (85% to 95% lymphocytes). Hematologic data and surface 
marker analyses of the malignant cells are shown in Table 1. Eleven 
patients had not received treatment for their disease; the remainder 
had been treated discontinuously with chlorambucil and prednisone 
but were free of therapy for a month or longer before study. Blood 
samples for these studies were obtained after informed consent. 

Phenotypic analysis of B-CLL cells. Peripheral blood mononu- 
clear cells were separated on Ficoll-Hypaque (Pharmacia Fine 
Chemicals, Piscataway, NJ) and depleted of monocytes by one-step 
density gradient centrifugation on 50.6% Percoll (Pharmacia) in 
RPMI 1640.” This monocyte-depleted cell fraction was used for 
phenotypic analyses with monoclonal antibodies obtained from 
Becton Dickinson (Mountain View, CA) (Leu-1, Leu-5, Leu-M1, 
HLA-DR), Coulter Immunology (Hialeah, FL) (Bl, B4, Mol, 
Mo2, My4, My7, My9) and Ortho Pharmaceutical Corp (Raritan, 
NJ) (OKM1). The MFC-1 monoclonal antibody was produced in 
our laboratory. The specificities of these antibodies are shown in 
Table 2. Monoclonal antibody binding was assessed by indirect 
immunofluorescence using an affinity-purified, fluorescein isothio- 
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Table 1. Clinical and Immunologic Data of Patients With Active B-CLL 


Patiant Rai Previous Immunoglobulin 
No. Stage Treatment Expression * 
4 iH Yes YK 
2 | Yes K 
3 | Yes pox 
4 0 No ND 
5 0 No ND 
6 l Yes ND 
7 i No = 
8 i Yes K 
9 0 No — 
10 ii Yes coat 
11 | Yes pox 
12 0 No À 
13 Hi Yes HÖK 
14 iV Yes pOK 
15 iV Yes oo 
16 ti No wok 
17 iV Yes K 
18 i No A 
19 i No K 
20 {i Yes {iK 
21 iV Yes HÖK 
22 iV Yes pOK 
23 | No HÖK 
24 0 No pox 
25 i Yes "yK 
26 i No HK 
27 0 No HÖK 
28 ii Yes HK 
29 0 No HÒK 
30 ! No HÖK 
31 No yA 





Abbreviation: ND, not determined, 


ahd arahina anmann manan irmana a iaa A aaan ANANE NN 


Percentage of Positive Cellist 


Leu-1 Leu-5 Bi B4 HLA-DR 
9 20 67 68 71 
87 12 55 43 73 
36 10 80 92 93 
78 25 59 67 66 
93 38 52 67 75, 
49 24 33 76 84 
33 9 74 76 79 
75 38 63 69 BO 
97 6 82 83 91 
5 5 91 ND 89 
91 12 93 87 88 
89 30 90 78 1 
84 12 76 85 83 
93 30 54 67 89 
73 13 80 93 g1 
98 5 84 95 97 
90 12 67 88 88 
94 11 88 90 78 
96 3 80 92 90 
86 12 84 91 85 
65 24 69 73 76 
62 11 87 78 89 
65 29 54 59 63 
58 39 68 59 87 
95 12 ND NO 85 
98 3 96 93 94 
82 33 51 31 59 
82 49 57 59 64 
93 8 96 85 96 
87 65 82 83 87 


8? 70 93 95 98 


*in some cases cells stained too weak to permit identification of immunoglobulin. 


+As determined by fluorescence-activated cell sorting (FACS) analysis. 


cyanate (FITC)-labeled goat antimouse immunoglobulin antiserum 
(Southern Biotechnology Associates, Birmingham, AL) as a second- 
ary reagent. Nonspecific staining was assessed with irrelevant, 
FITC-conjugated mouse IgGI and IgG2a antibodies (Becton Dick- 
inson) and with the FITC-labeled secondary reagent alone. Before 
staining with monoclonal antibodies, the cells were incubated with 
aggregated Ig to block binding to Fe receptors. This procedure was 


followed with all monoclonal antibodies except MCF-1, which is 
specific for the 66 to 68-kd Fe receptor of IgG. Two-color immuno- 
fluorescence was performed by using phycoervihyrin (PE)-conju- 
gated My4 (Coulter) and FITC-conjugated Leu-16 (Becton Dickin- 
son). Cell samples were analyzed by flow cytometry (PACS. 
Analyzer, Becton Dickinson) and by fluorescence microscopy. 

IL-1 production and assay. The blood mononuclear cells of 


Table 2. Monocional Antibodies 








amn saengan Ann wre Fett Werte Aaa Aa AAA LA AANA 





Antigen Cluster 
Antibody Designation Reactivity References 

Leu-1 CD5 Thymocytes, mature T lymphocytes, some B celis 11,12,38,40 
Leu-5 CD2 Thymocytes, mature T lymphocytes (sheep erythrocyte receptor associated) 4i 

HLA-DR Monocytes/macrophages, activated T lymphocytes. B cells, myeloid and 42 

erythroid precursors, dendritic cells 

Bi/Leu-16 CD20 B lymphocytes 43 

B4 CD19 B lymphocytes and their precursors 44 
Leu-M1/MMA CD15 Myeloid cells, monocytes and macrophages, activated T lymphocytes 45 

My4 CD14 Monocytes 46,47 

My7 CD13 Myelomonocytic ceils and their precursors 46,47 

My9 Myeslomonocytic cells and their precursors 46,47 
MFC-1 Monocyte IgG Fc receptor 48 

Mo2 Monocytes 43g 

OKM 1/Leu-15/Mo1 CD11 Monocytes, granulopoietic cells, some T cells, NK cells (C3bi receptor} 31,32,49-5 1 








a er ly here re et HIA N ANDA BS SRA Banner Nn, 
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patients were first depleted of monocytes by one-step Percoll 
gradients and then depleted of T cells by rosetting with 
2-aminoethylisothiouronium-—treated sheep erythrocytes.’ The re- 
sulting B-CLL cell suspensions consistently contained <1% T cells 
and <2% monocytes as determined by morphological and cytochem- 
ical criteria.” 

As a control for IL-1 production, monocytes were isolated from 
the mononuclear cells of ten normal subjects by one-step Percoll 
gradients.” The B-CLL cell preparations and monocytes from 
healthy donors were cultured at 5 x 10° cells/mL in RPMI 1640 
medium with 5% fetal calf serum (FCS) in round-bottomed culture 
tubes. Each cell suspension was cultured with culture medium alone, 
with 2 g/mL lipopolysaccharide (LPS, Escherichia coli, Sigma 
Chemical Co., St Louis), and LPS with the addition of 1 g/mL 
indomethacin (Sigma). After a 24-hour incubation at 37°C in a 
humidified atmosphere with 5% CO,, culture supernatants were 
harvested after centrifugation and stored at —70°C until assay for 
IL-l] activity or prostaglandin E, (PGE,) levels. 

The IL-1 activity of supernatants was determined by a mouse 
thymocyte proliferation assay as described.” Thymic cell suspen- 
sions were obtained from 4- to 8-week-old C3H/HeJ mice, sus- 
pended in RPMI 1640 medium supplemented with 3% FCS and 2 x 
107% mol/L 2-mercaptoethanol, and plated at 1.5 x 10° thymocytes / 
well in 96-well flat-bottomed plates. Dilutions of test supernatants 
were added to triplicate wells with and without the addition of a 
submitogenic concentration of phytohemagglutinin (PHA, Well- 
come Reagents, Durham, NC) to reach a final volume of 200 
uL/well. Cultures were incubated for 72 hours at 37°C and pulsed 
with 0.5 wCi/well of *H-thymidine CH-TdR) ten hours before 
harvesting on a multiple automated sample harvester. The *H-TdR 
uptake was determined by 6-scintillation counting. IL-1 activity is 
reported as counts per minute of thymocyte cultures containing test 
supernatants and PHA minus the counts per minute of thymocyte 
cultures with test supernatants alone. Some supernatants were also 
analyzed for levels of IL-l, by radioimmunoassay (RIA) (Cistron 
Biotechnology, Pine Brook, NJ). 

Supernatants were analyzed for levels of PGE, by RIA as 
described previously.” 


RESULTS 


Thirty-one patients with B-CLL were studied and classi- 
fied according to the Rai clinical staging system (Table 1). 
Although 52% of the patients had received prior treatment, 
we detected a high percentage of circulating monoclonal B 
lymphocytes in these cases, as shown by the expression of 
CD19, CD20, and HLA-DR determinants and the restric- 
tion to a single light-chain surface immunoglobulin. In some 
cases, immunoglobulin was undetectable on the cell surface. 
The B-CLL cells of 29 to 31 patients expressed CDS, the p67 
antigen that is detected on a subpopulation of normal and 
neoplastic B lymphocytes.” " 

The expression of myelomonocytic-associated antigens on 
B-CLL lymphocytes was analyzed with a panel of mono- 
clonal antibodies, the specificity of which is listed in Table 2. 
Lymphocytes from most of the patients expressed the CD14 
antigen (My4), whereas the expression of CD13 (My7) and 
My9 deteminants was not as common (Table 3). The CD15 
antigen recognized by Leu-MI was also expressed on 
approximately 20% of patient cell samples. Finally, in 22 of 
31 patients, the lymphocytes expressed C3bi or Fe receptors, 
not necessarily coincidentally, as shown by their reactivity 
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Table 3. Myelomonocytic Markers on B-CLL Lymphocytes 


tet erm mi manaamaan amA anA betta in restate AAE ET AAA Anhe a A a AY RAYS Ht retire! 





Patient No. OKM1* MCF-1 Mo2 My4 My7 My9 ë Leu-M1 
1 } + — 4 + + + 
2 ~ 4 . & we A — 
3 4 + = Eoo o o - 
4 4 E = Ko T T a S 
5 of Sone Ce 
6 = = + 
7 2 ee a or 
8 + + + i + + 
9 + + + p m + + 
10 me + ND ND = 
11 + + ND + ND ND + 
12 + + + + ND ND + 
13 + + = + ND NOD -= 
14 + + T + NO ND = 
15 _ = — NOD ND 
16 + + = + ND ND — 
17 -= + ~ + ND ND ma 
18 + + on + ND ND + 
19 + + = +: ND ND — 
20 -+ T + ND ND 
21 4 e sc of b 4 x 
22 + - + + ve 
23 E 7 2 2 
24 ~ ~ = i 
25 4 + + = 
26 } 4 = 4 see gs = 
27 + + ~ ND ND — 
28 4 + ND ND = 
29 + a 4 + 5 
30 + + +- ł t + 4 
31 } + + + + + + 


*Surface marker analyses were determined on monocyte-depleted 
peripheral blood lymphocytes by both FACS and irmmuncofivorescence 
microscopy. Positivity {+} is indicated when > 40% of cells were stained 
by the specific marker. 


with OKM1 or MFC-1 monoclona! antibodies. The FACS 
profiles of B-CLL cells stained for a B cell and a monocytic 
antigen from three representative patients are shown in Fig 
1. The top and middle rows illustrate the equivalent CD19 
and CD14 reactivity on lymphocyte preparations from two 
patients. The bottom row shows the FACS profiles of lym- 
phocytes from a patient whose malignant cells lacked CD14. 
Several cases were studied by two-color immunofluorescence 
to directly demonstrate coexpression of the myelomonocytic 
marker (CD14) and the B cell marker (CD20) on the same 
population of cells. A representative contour plot is shown in 
Fig 2 where 80% of the lymphocytes were positve for both 
CD14 and CD20. The specificity of binding was assessed by 
incubating lymphocytes with irrelevant FITC-conjugated 
mouse IgG] and IgG2a monoclonal antibodies and with 
FITC-conjugated goat antimouse immunoglobulin alone. In 
all cases, ymphocytes were negative for immunofluores- 
cence after these treatments. 

B lymphocytes from 17 B-CLL patients were tested for 
IL-1 production. Mononuclear cells from these patients were 
depleted of monocytes and T lymphocytes and cultured for 
24 hours in the absence or presence of LPS and LPS with 
indomethacin (Table 4). Monocyte-enriched populations 
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CONTROL 


CELL NUMBER 


Fig 1. FACS-Analyzer pro- 
files demonstrating expression 
of a B call antigen (B4, CD19) 
and a menocytic antigen (My4, 
CD14) en B-CLL cells from 
three representative patients. 
in cases illustrated in the top 
and middle rows the distribu- 
tion of cells coexpressing the 
two antigens is virtually identi- 
cal. Celis from the patient illus- 
trated in the bottom row 
express CD19 but not CD14. 


from ten normal subjects were used as positive controls for 
IL-1 production. B lymphocytes from most of the patients 
studied spontaneously produced low levels of IL-1 as 
detected in a mouse thymocyte proliferation assay. LPS was 
able to enhance IL-1 production in all but four cases. We also 
assessed IL-1 activity in supernatants generated in the 
presence of both LPS and indomethacin, a prostaglandin 
synthetase inhibitor. Monocytes produce both IL-1 and 
PGE,, and PGE, in culture supernatants can inhibit mouse 
thymocyte proliferation in the assay for IL-1 activity,” thus 


My 4 PE 





(eu Ve. PETE 


Fig 2. A FACS contour plot demonstrating coexpression of 
the B cell antigen CD20 (Leu-16) and the monocyte antigen CD14 
{My4} on the same population. In this case 80% of the cells were 
positive for both antigens by two-color immunofluorescence, 
whereas 9% were positive for FITC—Leu-16 only and 3% were 
positive for PE-My4 only. 
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FLUORESCENCE INTENSITY 


masking the actual levels of IL-1 produced by the cells as 
measured in this assay. Although the addition of indometha- 
cin trebled the mean counts per minute of IL-1 activity in 
monocyte-LPS culture supernatants, it had little or no effect 
on IL-1 activity detectable in supernatants from most 
B-CLL lymphocyte cultures. Supernatants were also tested 
for PGE, levels by RIA (data not shown). Although mono- 
cyte culture supernatants generated with LPS had detectable 
levels of PGE, (usually 2 to 10 ng/mL), the addition of 
indomethacin reduced the amount of PGE, produced to 
<0.01 ng/mL. In contrast, LPS-stimulated B-CLL cell 
supernatants had <0.01 ng/mL PGE,, with or without the 
addition of indomethacin. 

Because the mouse thymocyte proliferation assay is not 
entirely specific for IL-1 but also can detect other mitogenic 
factors, we also tested for the presence of IL-1, in a specific 
RIA. Culture supernatants from CD14+ B lymphocytes of 
six B-CLL patients were positive for IL-1 in both the mouse 
thymocyte proliferation assay and the IL-1,-specific RIA. 

We examined the relationship between myelomonocytic 
antigen expression and IL-1 production by LPS-stimulated B 
lymphocytes from B-CLL patients. Of the 17 cases studied 
for both parameters, four cases had little or no IL-1 produc- 
tion (<5,000 cpm) under any culture condition tested. These 
cases were also negative for all of the myelomonocytic 
antigens tested (CD14, CD13, My9) as well as for CDIS5, 
C3bi, and Fe receptor expression (Tables 3 and 4, patients 
no. 5, 7, 15, and 24). On the contrary, the 13 patients whose 
B lymphocytes produced moderate or high amounts of IL-1 
activity as compared with monocytes were CD14 (My4)}- 
positive and also randomly displayed other myelomonocytic 
markers. These associations are summarized in Table 5, 
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Table 4. IL-1 Activity in Culture Supernatants of B-CLL B Lymphocytes 


ieee anaaniatananenareaaroummarrracaeaen een ATR TERETE 
sl ce mencamenciennandieimieeer een am man em miarnemaenemanemeremen TT 





Mouse Thymocyte “"HTdR incorporation icpm)* 


TRAN PAAA E tL ee ANAA AAAA ad irman DAAA AAAA DAA hE ALET An AAAAAANAMI RRNA fran TETRA HES Waffles ms AHH renters anarvashviyier tthe ct 








Patient No. Medium Only} LPS (2 ug/ml) LPS + Indomethacin (7 pg/mL) 
1 5,029 20,136 26,333 
2 7,407 8,939 24,808 
3 9,731 17,580 31,814 
5 3,750 3,002 3,893 
6 7,943 12,976 24,844 
7 3,138 3,994 4,141 
8 4,670 7,674 11,993 

10 5,754 41,417 48,751 
12 434 8,002 15,560 
13 3,398 19,221 15,519 
15 1,339 3,863 3,515 
16 100 6,280 9,701 
17 822 9,949 9,609 
24 110 1,503 2,374 
25 1,796 8,976 11,609 
26 211 8,682 13,655 
27 5,595 12,624 15,761 


13,053 + 3,357 


Senedd ieee cee tem NAE AAAA ia hai mer peeeer arene acer a A A A EA TTT TEER TET E STE ar T: 


16,337 + 2.674 


*Counts per minute of HTAR ir thymocyte cultures containing 25% test supernatant and PHA minus counts per minute of culture containing test 


supernatant alone. 


¢Test supernatants were obtained from B-CLL cells or monocytes from healthy donors cultured in medium. alone. with LPS, or with LPS and 


indomethacin as described in Materials and Methods. 


DISCUSSION 

In this study we have shown that, in a high percentage of 
cases, B-CLL cells bear surface C3bi receptors (CD11b) 
that are not found commonly on blood or tissue B cells. In 
addition they have a 66- to 68-kd Fe receptor for IgG similar 
to that of monocytes and express a variety of membrane 
antigens considered specific for myelomonocytic cells (most 
frequently My4/CD14) and not detected previously on 
malignant B cells.“°*’ 

The presence of C3bi receptors on B-CLL cells is not 
completely unexpected because this determinant has been 
observed on hairy cells.” It is possible that, in addition to 
activated (hairy) B cells, CD11b is expressed on a small 
subset of blood or tissue B cells, possibly also CD5 +. Sharing 
of similar Fe IgG receptors among cells of different lineages 
is also not unprecedented, as shown by the detection of CD16 
on NK cells and granulocytes.” Also, some B cell lines, eg, 
SB, have been shown to have a low-density expression of the 
66- to 68-kd monocyte Fe receptor on their surface.” 

The variate but frequent expression of myelomonocytic 
lineage antigens on B-CLL cells provides another criterion to 
determine the phenotypic heterogeneity of the neoplastic cell 
clones in a disease characterized by a high degree of clinical 
uniformity. A correlation between expression of myelomono- 


cytic markers and clinical stage of disease, white cell count, 
or previous treatment was not apparent. In contrast, an 
association was noted between the presence of these antigens 
and the ability of the cells to produce IL-1. Thus, aberrant 
antigens were, in these cases, good indicators of a functional 
characteristic of the neoplastic cells. B-CLL cells that were 
shown to be poor IL-1 producers (four of 17 cases) lacked all 
the myelomonocytic antigens tested as well as CDI 1b and 
the monocyte-associated 66- to 68-kd Fe receptor. The 
inability to produce IL-1 was unrelated to treatment 
because, in three of four cases, the patients had not received 
previous treatment and the monocytes were inefficient IL-1 
producers in all four cases. 

IL-1 production by normal peripheral blood B lympho- 
cytes and B-CLL. cells has been described previously.**”’ 
Here we have shown that IL-! production by B-CLL cells is 
increased after LPS stimulation and, in a few cases, further 
boosted by incubation with LPS and indomethacin. In three 
cases the addition of indomethacin produced a two- to 
threefold increase of IL-1 activity in the culture supernatants 
compared with that observed in the supernatants of eelis 
incubated with LPS alone. This effect of indomethancin is 
probably not attributable to prostaglandin production by 
contaminating monocytes because the amount of PGE, pro- 


Table 5. Relationship Between IL-1 Production and Myelomonocytic Markers on B Lymphocytes From 17 B-CLL Patients 


daiira ar ammai aap amaaa 


Number of Cell Samples Reactive With Monoclonal Antibosdiest 


paneer 





IL-1 Activity® My4 My7 My9 Leu-M1 Mo2 Mo1 OKM1 MEC-1 
19,996 + 11,178 (9,609-48,751) 13/13 2/7 2/7 6/13 2/13 5/13 5/13 11/13 
3,580 + 578 (2,814-4,141) 0/4 0/3 0/3 0/4 0/4 0/4 0/4 0/4 


*Mean counts per minute + SD (range) of °HTdR uptake in thymocyte cultures containing 25% test supernatant (from LPS and indomethacin cultores} 


and PHA minus the counts per minute of cultures with test supernatant alone. 


+Not all patients were studied with respect to My7 and My9 expression. 
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duced in cultures of both LPS and LPS+ indomethacin- 
stimulated B-CLL cells was very low. We have previously 
demonstrated that indomethacin can exert an immunomodu- 
latory effect that is not related to the inhibition of prosta- 
glandin synthesis.” Therefore it is possible that indometha- 
cin exerted a direct effect on IL-1 production by B-CLL 
cells. 

Neoplastic cells from lymphoid malignancies commonly 
express immunoglobulin and/or other surface antigens that 
allow lineage assignment and determination of the stage of 
maturation or activation.* However, mixed-lineage cell phe- 
notypes (eg, lymphoid and myeloid) have been described in 
hematopoietic malignancies, particularly in acute lympho- 
blastic leukemia and in lymphoblastic crisis of acute 
myelogenous leukemia.”’” In several instances, this lineage 
infidelity is simply attributable to a lack of lineage specificity 
of the antigen tested, as is the case of CD15 (Leu-M1), a 
hapten that is expressed on myelomonocytic cells and on a 
variety of neoplastic cells of both hematopoietic and nonhe- 
matopoietic origin.®*® In other cases, a bona fide mixed 
phenotype can be determined, and this is reinforced by the 
finding of inappropriate gene rearrangements (eg, of Ig 
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genes in malignant T lymphoblasts or of Ti, genes in B cell 
malignancies).°"”* 

Several hypotheses have been proposed to explain these 
findings, and they are not mutually exclusive: (a) the 
mixed-lineage phenotype may be a feature of early precursor 
cells, the extremely low frequency of which prevents identifi- 
cation in the normal; (b) the aberrant antigens may be 
transiently expressed during cell maturation and therefore 
escape recognition in the normally developing cell popula- 
tion: (c) a limited degree of cell promiscuity may precede 
lineage fidelity as a normal course of the differentiation 
events; and (d) the infidelity of gene expression may be a 
consequence of the neoplastic transformation. All these 
possibilities are related to early events during cell differentia- 
tion, and the malignant counterparts of early hematopoietic 
cells commonly produce an acute disease. This may explain 
the relatively rare finding of aberrant phenotypes in chronic 
leukemia compared with acute leukemia. 
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Long-Term Monoclonal Reconstitution of Erythropoiesis in Genetically Anemic 
W/W” Mice by Injection of 5-Fluorouracil-Treated Bone Marrow Cells of 
Pgk-1°/Pgk-1" Mice 


By Toru Nakano, Noriko Waki, Hidekazu Asai, and Yukihiko Kitamura 


The spleen colony-forming assay does not represent the 
number of hematopoietic stem cells with extensive self- 
maintaining capacity because five to 50 spleen colony- 
forming units (CFU-S) are necessary to rescue a genetically 
anemic (WB X C57BL/6)F,-W/W"(WBB6F,-W/W’") 
mouse. We investigated which is more important for the 
reconstitution of erythropoiesis, the transplantation of 
multiple CFU-S or that of a single stem cell with extensive 
self-maintaining potential. The electrophoretic pattern of 
hemoglobin was used as a marker of reconstitution and 
that of phosphoglycerate kinase (PGK), an X chromosome- 
linked enzyme, as a tool for estimating the number of stem 
cells. For this purpose, we developed the C57BL/6 con- 
geneic strain with the Pgk-1° gene. Bone marrow cells 
were harvested after injection of 5-fluorouracil from 


HE HEMATOPOIETIC STEM CELL is character- 

ized by extensive self-maintaining capacity and differ- 
entiation potential.'” The hematopoietic cell that forms a 
macroscopic colony in the spleen of either lethally irradiated 
or genetically anemic W/W” recipient mice (CFU-S) can 
differentiate into erythrocytes, granulocytes, megakaryo- 
cytes, macrophages,” and mast cells.*° Therefore, the spleen 
colony method apparently represents the differentiation 
potential of the stem cell, but CFU-S are not necessarily 
considered to have extensive self-maintaining capacity.° The 
latter capacity has been estimated from the proportion of 
successfully reconstituted animals after transplantation of 
cell suspensions (presumably containing stem cells) into 
lethally irradiated or genetically anemic W/W’ recipient 
mice. For such a reconstitution assay, W/W” mice are more 
suitable recipients than lethally irradiated mice because a 
considerable proportion of mice do not survive lethal irradia- 
tion and transplantation of a relatively small number of stem 
cells. On the other hand, histocompatible stem cells can be 
transferred to W/W" mice without preceding lethal irradia- 
tion.’ 


From the Division of Cancer Pathology, Biomedical Research 
Center, Osaka University Medical School, and the Shizuoka Labo- 
ratory Animal Center, Hamamatsu, Japan. 

Submitted April 28, 1987; accepted July 29, 1987. 

Supported by grants from the Ministry of Education, Science, 
and Culture; the Ministry of Health and Welfare; the Mitsubishi 
Foundation; Princess Takamaisu Cancer Research Fund; the 
Takeda Science Foundation; the Mochida Memorial Foundation; 
and the Asahi Fund for Science and Culture. 

Address reprint requests to Toru Nakano, MD, Division of 
Cancer Pathology, Biomedical Research Center, Osaka University 
Medical School, Nakanoshima 4-3-57, Kita-ku, Osaka 530, 
Japan. 

The publication costs of this article were defrayed in part by page 
charge payment. This article must therefore be hereby marked 
“advertisement” in accordance with 18 U.S.C. §1734 solely to 
indicate this fact. 

© 1987 by Grune & Stratton, Inc. 

0006-497 1/87/7006-0008$ 3.06 /0 


1758 


C57BL/6—Pgk-1°/Pgk-1* female mice in which each stem 
cell had either A-type PGK or B-type PGK due to the 
random inactivation of one of two X chromosomes. Whena 
relatively small number of bone marrow cells lie, 10° or 
3 x 10°) were injected into 200-rad—irradiated WBEOF,- 
W/W" mice, the hemoglobin pattern changed from the 
recipient type (Hbb*/Hbb*) to the donor type (Hbb’/Hbb’*) 
in seven of 150 mice for at least 8 weeks. Erythrocytes of 
all these WBB6F,-W/W* mice showed either A-type PGK 
alone or B-type PGK alone during the time of reconstitu- 
tion, which suggests that a single stem cell with extensive 
self-maintaining potential may sustain the whole erythro- 
poiesis of a mouse for at least 8 weeks. 

© 1987 by Grune & Stratton, inc. 


Wiktor-Jedrzejczak et al’ and Boggs et al’ showed that 
five to 50 CFU-S were necessary to rescue the anemia of a 
W/W” mouse. However, both groups of investigators did not 
determine which was more important, the quantity or the 
quality of stem cells. In other words, which was the more 
essential factor, the number of transplanted stem cells or the 
presence of a particular stem cell with extensive self- 
maintaining capacity in the injected cell suspension? To 
answer this question, we examined whether clonal reconstitu- 
tion occurred after transplantation of a relatively small 
number of stem cells. 

X chromosome-linked alloenzymes have been used as a 
marker to determine the number of stem cells from which 
blood cells originate.’*'? Because of inactivation of one of the 
two X chromosomes in each somatic cell in females during 
embryogenesis, only one of two genes for the alloenzymes is 
active in any single somatic cells. Fialkow examined blood 
cells of women suffering from chronic myelocytic leukemia 
(CML) who were heterozygous for the X chromosome- 
linked gene for glucose-6-phosphate dehydrogenase (G6PD) 
and hence had two types of enzymatically different somatic 
cells.'°'’ Although both A- and B-type G6PD were found in 
normal tissues such as the skin of the CML patients, only a 
single-enzyme type was found in granulocytes, erythrocytes, 
and platelets of the patients, which suggests the clonal origin 
of CML. In mice, X chromosome-linked 3-phosphoglycerate 
kinase (PGK) alloenzymes can be used to investigate the 
clonal origin of blood cells.'*"? In the present study, we 
developed the C57BL/6 congeneic strain with the Pgk-/* 
gene and used PGK heterozygous C57BL/6—Pgk-1°/Pgk-I° 
female mice as donors of hematopoietic stem cells. 

Because hematopoietic stem cells surviving a single injec- 
tion of 5-fluorouracil (SFU) are reported to have more 
extensive proliferative potential than untreated stem cell 
populations,'*'® we used bone marrow cells of 5FU-treated 
mice as a source of stem cells. When a relatively small 
number of bone marrow cells (ie, 10° or 3 x 10°) from 
5FU-treated female C57BL/6—Pgk-1°/Pgk-1* mice were 
injected into 200-rad—irradiated (WB x C57BL/6)F,-W/ 
W” (hereafter called WBB6F,-W/W") mice, hemoglobin 
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pattern changed from the recipient type (Hbb“/Hbb’) to the 
donor type ( Hbb'/Hbb') for at least 8 weeks in seven of 150 
mice. Erythrocytes of all these seven WBB6F,-W/W" mice 
showed esther A-type PGK alone or B-type PGK alone, 
thereby suggesting that a single stem cell with extensive 
self-maintaining capacity may sustain the whole erythro- 
poiesis of a mouse at least for 8 weeks. 


MATERIALS AND METHODS 


Mice. CS7BL/6—Pgk-1°/Pgk-1* and WBB6F,-W/W" mice were 
raised in our laboratory. The original stock of mice with the Pgk-/* 
gene was introduced from Dr Vern M. Chapman, Roswell Park 
Memorial Institute, to the National Cancer Institute, Tokyo, by Dr 
Hiroshi Tanooka.'"'* We obtained C3H mice with the Pgk-/* gene 
from Dr Tanooka and introduced the Pgk-/* gene to the C57BL/6 
strain of our inbred colony by repeated backcrosses {11 backcrosses 
at the time of the present study). Because the original C57BL/6 
strain has the usual-type PGK gene (Pek-!°), C57BL/6—Pgk- 
1°/Pgk-1* mice were produced by mating CS7BL/6—Pgk-1°/Pgk-1° 
female mice with C57BL/6-Pgk-1°/Y male mice. Resulting 
C57BL /6—Pek-1°/Pgk-1* mice were used as donors of bone marrow 
cells at 2 te 3 months of age. The A-type/B-type ratio of PGK in 
erythrocytes of CS7BL /6~Pgk-1°/Pgk-1* mice is about 50/50. 

Although the W” mutant gene was derived from the Jackson 
Laboratory. Bar Harbor, ME, it is now maintained in our inbred 
C57BL/6 mouse colony.’? The WB-W/+ strain, which was also 
obtained from the Jackson Laboratory, has been maintained by 
brother-sister mating. WBB6F,- W/W” mice that had been produced 
by a cross between WB-W’/ + and C57BL/6-W"/+ mice, were used 
as recipients at 4 months of age. 

Hemoglobin of WBB6F,- W/W” mice (Hbb7/Hbb’) can be distin- 
guished from that of C57BL/6~—Pgk-/°/Pgk-1° mice (Hbb'/Hbb’) by 
electrophoresis.” 

SFU treetment and bone marrow transplantation. SFU (150 
ug/g body weight) was injected intravenously to CS7BL /6—Pgk- 
1°/Pgk-17 mice; the mice were killed four days after the 5FU 
injection, and bone marrow cells were collected from at least five 
mice and suspended in Eagle's medium according to the method 
described previously.” 

Recipient WBB6F,-W/W" mice were irradiated (200 rad) with a 
Shimadzu x-ray machine (180 kV and 20 mA, with a 2-mm Al 
filter, 50 rad/min) to facilitate the bone marrow reconstitution. 
Various numbers of bone marrow cells were injected through the 
lateral tail vein. 

Assay of CFU-S. The method of Till and McCulloch” was used; 
the recipient WBB6F,- W/W” mice were killed eight or 14 days after 
the transplantation of bone marrow cells; spleens were removed and 
fixed in Bouin’s solution, and colonies were counted with a dissection 
microscope {7 x). 

Sampling of blood. Mice were anesthetized with ether, and 
blood sampies were obtained from the retroorbital sinus with hepa- 
rinized microhematocrit tubes. Care was taken to remove small 
volumes (<50 uL) of blood to minimize possible hematologic stress. 
The microhematocrit tube was centrifuged, and the tube was cut 
beneath the level of the buffy coat; packed erythrocytes were divided 
into two parts; one part was used for examination of hemoglobin and 
another part for examination of PGK. 

Examination of hemoglobin. Electrophoresis of hemoglobin 
was done after modification with cystamine according to the method 
described by Whitney’; the hemoglobin pattern was determined 
visually by using known mixtures as standards. By this method, 
hemoglobin-of WBB6F,- W/W” mice (Hbb*/Hbb’) mixed with hemo- 
globin of CS7BL/6—Pgk-1°/Pgk-1* mice (Hbb'/Hbb’) is detectable if 
the former contributes 25% of the total. We assumed that WBBO6F,- 
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W/W” recipient mice were reconstituted by bone marrow cells of 
C57BL/6-Pgk-1°/Pgk-1* mice only when the hemoglobin pattern of 
the former could not be distinguished from that of the latter. In other 
words, >95% of erythrocytes in the reconstituted WBB6F,-W/W” 
mice were derived from the bone marrow of C57BL/6~Pek-1"/ 
Pgk-1* mice. 

Electrophoresis of PGK. Small pieces of filter paper were 
soaked with blood samples and placed in small plastic tubes: the 
tubes were kept at —80°C. The PGK pattern of erythrocytes was 
examined only when WBB6F,-W/W” recipient mice were assumed 
to be reconstituted by bone marrow cells of C57BL/6~Pgk-1°/ 
Pgk-1* mice. After thawing, pieces of filter paper with blood sam- 
ples were inserted into the gel plate. The electrophoresis was 
carried out on a gel plate (10 x 20 cm) of starch (Wako Chemical 
Co, Tokyo) for 17 hours at 5 V/cm and 4°C according to the method 
described by Tanooka and Tanaka.’® The gel plates were then cut 
into two slices and PGK was detected as nonfluorescent spots due to 
conversion of NADH to NAD in the PGK assay system. The spot of 
A-type PGK was usually 6 cm from the origin, and that of B-type 
was 4 cm from the origin. According to the report of Reddy and 
Fialkow,” the relative activity of PGK alloenzymes was estimated 
visually by using known mixtures as standards. With this technique, 
a minor population in a mixture of blood is detectable if it contrib- 
utes 25% of the total PGK activity. 

The proportion of A-type PGK in serial blood samples was plotted 
as the deviation of individual samples from the percentage of A-type 
PGK in C57BL/6—Pgk-1°/Pgk-1* mice according to Burton et al.” 
Therefore, + 50% indicated that only A-type PGK was present, 0% 
that A-type PGK and B-type PGK were equally mixed, and -- 50% 
that only B-type PGK was present. 

Limiting-dilution analysis. The principle of the method has 
been described by Porter and Berry,” Breivik,” and Boggs et al.’ and 
briefly it was carried out as follows. Random samples from a 
homogeneous cell population were assayed for the presence or 
absence of stem cells. Such cells should be distributed among 
samples in a Poisson fashion. The finite probability that a sample 
will not contain a stem cell is defiend by Pi, = e°* where ẹ is the 
fraction of stem cells in the sample of x cells. P is the proportion of 
samples devoid of stem cells and estimates Pip. The concentration of 
stem cells in the sample can then be expressed as @ = —in P/x. 


RESULTS 


First, we confirmed the effect of SFU treatment in the 
present experimental condition; bone marrow cells from 
5FU-treated and control C57BL/6—Pgk-/°/Pek-I° mice 
were Injected into 200-rad—irradiated WBB6F,- W/W" mice. 
The recipient mice were divided into two groups; one group 
of mice was killed on day 8 and the other group on day 14. 
The 5FU treatment decreased the number of bone marrow 
cells from about 25 x 10°/femur to about 2 x 10°/femur but 
increased the day 14 to day 8 ratio of spleen colonies as 
reported by Hodgson and Bradley'* and van Zant'® (Table 
1). Because hematopoietic stem cells that form day 14 
colonies are considered to have more extensive proliferative 
potential than those that form day 8 colonies,® we used bone 
marrow cells of 5FU-treated mice throughout the present 
study. 

Because we injected as few as 10° 5FU-treated bone 
marrow cells in the next experiment, we confirmed the 
number of CFU-S in such a small number of 5FU-treated 
bone marrow cells of C57BL/6—Pgk-1°/Pgk-1* mice. As 
shown in Table 1, 10 x 10° cells contained ~2.2 day 14 
CFU-S and 2 x 10° cells, ~0.4 day 14 CFU-S. 
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Table 1. Numbers of Day 8 and Day 14 Spleen Colonies in 200-rad-trradiated WWBB6F,- W/W" Mice 
After Injection of 5FU-Treated and Nontreated Bone Marrow Cells 





No. of Cells No. of Colonies (Mean + SE)+¢ Rane an a 
5FU Treatment* injected (x 10°) Day 8 Day 14 Colonies 
No 50 4.4 + 1.7 (10) 4.8 + 1.0(13) $1.1 
Yes 50 0.7 + 0.3 (72) 12.6 + 0.8 (16) 18 
Yes 10 ND 2.2 + 0.6 (11) ND 
Yes 2 ND 0.4 + 0.1 (12) ND 


Abbreviation: ND, not determined. 


*Bone marrow cells were obtained from C57BL/6—Pgk- 1°/Pgk- 1° mice that had been injected with 5FU (150 ug/g body weight) four days before 


sacrifice. 
~The number of recipients is shown in parenthesis. 


Various numbers of bone marrow cells from 5FU-treated 
C57BL/6—Pek-1°/Pgk-1* mice were injected into 200-rad— 
irradiated WBB6F,-W/W” mice; the hemoglobin pattern of 
the recipients was examined at 4-week intervals. When the 
hemoglobin pattern of WBB6F,-W/W”" recipient mice 
(Hbb‘/Hbb’) changed to pure Hbb‘/Hbb’, the PGK pattern 
of erythrocytes was also examined. 

In total, 303 WBB6F,-}//W" mice survived at least 16 
weeks after bone marrow transplantation; in eight WBB6F,- 
W/W" mice, a pure Hbb'/Hbb’ hemoglobin pattern was 
detected only at one observation time (transient reconstitu- 
tion in Table 2, Fig 1), whereas pure Hbb‘/Hbb* pattern was 
maintained at least during 8 weeks (ie, three observation 
times) in 48 WBB6F,-W/W" mice (long-term reconstitution 
in Table 2, Fig 2). 

In 8 WBB6F,-W/W’" recipient mice that showed transient 
reconstitution, erythrocytes of five mice showed either A- 
type PGK or B-type PGK, whereas erythrocytes of the 
remaining three mice showed AB-type PGK at the time of 
transient reconstitution. When transient reconstitution was 
lost (ie, hemoglobin pattern returned to Hbb*/Hbb’), the 
PGK pattern of erythrocytes also returned to type B in all 
aforementioned eight WBB6F,-W/W" mice. 

WBB6F,-W/W” mice that were reconstituted by bone 
marrow cells of C57BL/6—Pgk-1°/Pgk-1* mice for a long 
term were divided into three groups by using the PGK 
pattern of erythrocytes as a criterion. In group 1, erythro- 
cytes showed either A- or B-type PGK throughout the time 
of reconstitution, The reconstitution continued until the end 
of the observation period (40 weeks) or death in six of seven 


Table 2. Number of WBB6F,- W/W” Mice (Hbb?/Hbb*) in Which 
a Transient or Long-term Change of Hemoglobin Pattern 
Was Observed After Injection of Various Numbers 
of Bone Marrow Cells From 5FU-Treated 
C57BL/6~Pgk-1°/Pgk-1" Mice (Hbb*/Hbb*) 


No. of Mice in Which Hemoglobin 
Pattern Changed (%) 


No. of Celis 
{x 10°) No. of Mice Transient Long-term Total 
1 65 O (0) 3 (5) 3 (5) 
3 85 3 (3) A (5) 7 (8) 
10 49 2 (4) 2 (4) 4 (8) 
30 22 1 (5) 6 (26) 7 (32) 
50 31 2 (6) 11 (36) 13 (42) 
75 30 0 (0) 11 (37) 11 (37) 
100 21 O {0} 11 (52) 11 (52) 





mice that belonged to group | (Fig 2A). In the remaining one 
W BB6F,-W/W* mouse, the hemoglobin pattern came back 
to Hbb4/Hbb’ 28 weeks after bone marrow transplantation 
(Fig 2B). In group 2, erythrocytes showed AB-type PGK 
when the change of hemoglobin pattern to pure Hbb‘/Hbb* 
was first detected. Ther, the PGK pattern changed to either 
type A cr B (Fig 2C). In group 3, erythrocytes showed 
AB-type PGK throughout the time of reconstitution (Fig 
2D). In some mice of group 3, the type A-to-type B ratio of 
PGK was not always constant but fluctuated from time to 
time (Fig 2D). The distribution of WBB6F,- W/W” recipient 
mice among the aforementioned three groups was apparently 
influenced by the number of injected bone marrow cells 
(Table 3). All WBB6F,-W/W’" mice that received 10° or 3 x 
10° bone marrow cells from 5FU-treated CS7BL/6~Pgk- 
1°/Pgk-1* mice belonged to group 1, whereas all WBBO6F,- 
W/W” mice that received 250 x 10° cells belonged to groups 
2 or 3. 

We calculated the concentration of stem cells that may 
reconstitute the whole erythropoiesis of WBB6F,-W/W" 
mice for a long term by using hmiting-dilution analysis. 
From data shown in Table 2, we calculated the proportion of 





Proportion of Donor Type Hemoglobin (%) 


Weeks after Transplantation 


Fig 1. Typical cases of transient reconstitution. Electropho- 
retic pattern of hemoglobin of WBB6F,-W/W” mice (Hbb*/Hbb’*} 
changed to the donor type (Hbb*/Hbb") at 4 weeks (A) or 8 weeks 
{B} after the injection cf bone marrow cells from 5FU-treated 
C57BL /6—Pgk-1°/Pgk-1" mice; 10 x 10° ceils were injected in A 
and 3 x 10° cells in B. 
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Proportion of Donor Type Hemoglobin (Hb)}(%) 





6 2 4 6 D 40 
Weeks after Transplantation 


Fig 2. Typical cases of long-term reconstitution. Proportions 
of donor-type hemoglobin and A-type PGK are shown. The data of 
the proportion of A-type PGK for each mouse are plotted as the 
deviation of individual samples from the percentage of A-type PGK 
in C57BL/6—Pgk-1°/Pgk-1* mice according to Burton et al.” 
Therefore, + 50% indicates that only A-type PGK is present, 0% 
that A-type PGK and B-type PGK were equally mixed, and — 50% 
that only B-type PGK is present. (A) The WBB6F,-1W//W" mouse 
was injected with 10° bone marrow cells from 5FU-treated 
C57BL /6—Pgk-1°/Pgk-1° mice. Erythrocytes showed B-type PGK 
alone throughout the observation periods {group 1). (B) The 
reconstitution ended at 28 weeks after the injection of 3 x 10° 
cells (group 1). (C) Erythrocytes showed both A-type and B-type 
PGK when hemoglobin first changed to the donor type at 8 weeks 
after the injection of 75 x 10° bone marrow cells. The PGK pattern 
changed to type A (group 2). (D) The WBB6F,-W/W”" mouse 
received 50 x 10° bone marrow celis. Although erythrocytes 
showed both A-type and B-type PGK throughout the observation 
period, the proportion of A-type PGK fluctuated gradually (group 
3). 


W BB6F,-#/W” mice in which long-term complete reconsti- 
tution of erythropoiesis did not occur after bone marrow 
transplantation (proportion of unsuccessful transplantation), 
and plotted this against the number of injected cells (Fig 3). 
A straight line was obtained (P < .01 by x? test) that 
intercepted the ordinate at 0.96. Therefore, the proportion of 
unsuccessful transplantations may be used to estimate the 
fraction of stem cells in SFU-treated bone marrow cells. The 
slope of the line in Fig 3 is the estimate of the fraction of stem 
cells. Calculation of its 95% confidence limits was carried out 
according to the method described by Porter and Berry” and 


Table 3. PGK Type of Erythrocytes in WBB6F,- W/W” Mice 
(Hbb"/Hbb") in Which the Hemoglobin Pattern Changed 
to the Donor Type (Hbb*/Hbb’) for at Least 8 Weeks 








No. of Bone Marrow No. of Mice at the Following PGK Type 


Cells Injected Throughout Aor AB toA or 





{x 10°) Throughout B ABtoB Throughout AB Total 

1 3 0 8) 3 

3 4 0 Q 4 

10 0 0 2 2 
30 1 0 5 6 
50 O § 5 11 
75 0 6 5 11 
190 Q 4 7 11 


This is the same experiment as shown in Table 2. 
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Fig 3. Proportion of WBBG6F,-W/W" mice in which the hemo- 
globin pattern changed to the donor type for at least 8 weeks after 
the injection of various numbers of bone marrow cells from 
5FU-treated C57B8L/6—Pgk-1°/Pgk-1" mice. The logarithmic 
regression line is described by the equation In P = —0.69 x 10°* x 
~0.04. The slope of this line gives an estimate of the fraction of 
stem cells with extensive self-maintaining potential among 
injected bone marrow cells. 


Breivik. The concentration of such a stem cell that may 
reconstitute the whole erythropoiesis for a long term was 0.7 
(95% confidence limits, 0.6 to 0.9) per 10° SFU-treated bone 
marrow cells. 


DISCUSSION 


When bone marrow cells of 5FU-treated CS7BL /6—Pgk- 
I*/Pgk-1° mice were injected into 200-rad—irradiated 
WBB6F,-W/W" mice, the donor-type hemoglobin pattern 
(Hbb4/Hbb") was detectable either transiently or for a long 
term (at least 8 weeks). Although the proportion of 
WBB6F,-W/W” mice with the long-term reconstitution 
increased in parallel with the number of injected bone 
marrow cells, transient reconstitution did not occur when 
275 x 10° bone marrow cells were injected. Transient 
reconstitution probably results from lodgment and differen- 
tiation of stem cell(s) with limited proliferative potential, 
whereas the long-term reconstitution may be attributable to 
the successful transplantation of stem cell(s) with extensive 
proliferative potential. When comparably large numbers of 
bone marrow cells were injected, the probability that both 
types of stem cells were successfully transplanted might 
increase. In such cases, transient and long-term reconstitu- 
tions occurred at the same time and were recognized as 
long-term reconstitution. 

The PGK pattern of erythrocytes in long-term reconsti- 
tuted WBB6F,- W/W” mice was influenced by the number of 
injected bone marrow cells. The proportion of reconstituted 
mice with double enzyme patterns increased in parallel with 
the number of cells. When each WBB6F,-4/H’" mouse 
received 10’ or 3 x 10° bone marrow cells, erythrocytes of all 
seven long-term reconstituted WBB6F, -W/W mice showed 
either an A-type or B-type PGK pattern (group 1 of Fig 2). 
The result appears to indicate that a single stem cell with 
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extensive proliferative potential reconstitutes the whole 
erythropoiesis of these seven WBB6F,-W/W” mice for at 
least 8 weeks due to the following reason. In a population of 
stem cells consisting of equal numbers of A- and B-type cells, 
the probability that proliferation of n cells occurs in A-type 
cells only or in B-type cells only is (1/2") x 2, ie, 1/277 '. 
Consequently, the 100% (7/7) incidence of single-enzyme 
reconstitution cannot be explained in the case of n 2 2. 

Estimation by limiting-dilution analysis also supports the 
possibility of monoclonal reconstitution. Because 10° bone 
marrow cells were injected into 65 WBB6F,- W/W” mice and 
3 x 10° cells into 85 WBB6F,-W/W’ mice, in total, 3.2 x 10° 
cells were injected into 150 WBB6F,-W/W" mice. The 
concentration of stem cells with an extensive proliferative 
potential was 0.7/10° bone marrow cells, which indicated ~5 
such stem cells in 3.2 x 10° bone marrow cells. When ~5 
stem cells are injected into 150 WBB6F,-W/W” mice, the 
possibility that two stem cells are injected into a single 
W BB6F,-W/W’" mouse should be low. 

When calculated by using the concentration of day 14 
CFU-S shown in Table 1, 3.2 x 10° bone marrow cells from 
5SFU-treated C57BL/6—Pgk-1°/Pgk-17 mice have the capac- 
ity to produce about 64 to 81 day 14 spleen colonies in 
200-rad—irradiated WBB6F,-W/W” mice. If a single day 14 
CFU-S had been able to reconstitute the whole erythropoie- 
sis of a WBB6F,-W/W’ mouse, about a half of 150 WBB6F,- 
W/W’ mice injected with 10° or 3 x 10° bone marrow cells 
would have shown a pure Hbb‘/Hbb’ hemoglobin pattern. In 
fact, three WBB6F,-W/W" mice showed a pure Hbb’/HbbD’ 
pattern transiently and seven W BB6F,- W/W” mice for a long 
term. Therefore, most of the stem cells that produce a day 14 
spleen colony do not appear to have the potential to reconsti- 
tute the whole erythropoiesis of a WBB6F,-W/W" mouse 
even transiently. This is consistent with the results of Wiktor- 
Jedrzejczak et al,’ Boggs et al,” and Visser et al” that the 
CFU-S assay does not represent the number of stem cells 
with extensive proliferative potential. 

Wiktor-Jedrzejezak et al,” Boggs et al,’ and Visser et al” 
used bone marrow cells from nontreated syngeneic donors, 
whereas we harvested bone marrow cells from 5FU-treated 
donors of the parental strain origin. The number of bone 
marrow cells necessary to reconstitute a WBB6F,-W/W" 
mouse was smaller in their experiments than in our present 
experiment. Although 5FU treatment significantly increased 
the day 14—to—day 8 ratio of colonies, it does not appear to 
increase the proportion of stem cells with extensive prolifera- 
tive potential. However, because we used C57BL/6—Pgk- 
1*/Pgk-1? mice rather than syngeneic +/+ mice as donors, 
there is a possibility that the hybrid resistance reported by 
Harrison et al” in the present strain combination may reduce 
the efficiency of the stem cells of C57BL/6 strain origin. 

Long-term reconstitution occurred in 33 of 82 WBB6F,- 
W/W’ mice after transplantation of 50 x 10° to 100 x 10° 
bone marrow cells from 5FU-treated C57BL/6—Pgk-1°/ 
Pgk-I* mice. In all these 33 WBB6F,- W/W” mice, the PGK 
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pattern of erythrocytes was of the AB type when the hemo- 
globin pattern first changed to the Hbb‘/Hbb" type. The PGK 
pattern changed from a double-enzyme pattern to a single- 
enzyme pattern in 16 of 33 WBB6F,-W/W" mice (group 2 of 
Fig 2), but the double-enzyme pattern remained in 17 
W BB6F,-W/W" mice (group 3 of Fig 2). 

There are two possible explanations for group 2. (a) The 
reconstitution may result from the ljodgment and differentia- 
tion of both a stem cell(s) with limited proliferative potential 
and a single stem cell with extensive proliferative potential. 
A stem cell with extensive proliferative potential continued 
the proliferation and differentiation after the expiration of 
stem cellis} with limited proliferative potential. (b) The 
reconstitution may be initiated by lodgment and differentia- 
tion of two or more stem cells with extensive proliferative 
potential. However, subsequent emergence of a single mono- 
clonal population occurred. Probably, stem cells belonging to 
the other clone(s) may remain in the hematopoietic tissues, 
but their differentiation was suppressed by unknown mecha- 
nisms. Determination of PGK patterns of CFU-S and in vitro 
colony-forming cells from such hematopoietic tissues may 
prove or disprove the possibilities. 

In group 3, long-term reconstitution appears to be aitrib- 
utable to the lodgment of 22 stem cells with extensive 
proliferative potential. Even when the AB-type PGK pattern 
remained throughout the observation period, the type A- 
to-type B PGK ratio fluctuated in some WBB6F,-W/W" 
recipients. This is consistent with the recent result of Lem- 
ischka et al” and may be explained by the concept of clonal 
succession proposed by Kay.” 

To investigate the fate of a singie stem cell, Abramson et 
al? induced chromosomal abberations by x-irradiation, and 
Dick et al,” Lemischka et al,” and Keller et al” marked the 
stem cells with the integration sites of retrovirus. These 
markers are very useful because of the huge numbers of 
variations. However, when these markers are used, it seems 
difficult to exclude the influences of irradiation or retrovirus 
infection. Moreover, clones that failed to bear abnormal 
chromosomes or retrovirus and clones of the recipient origin 
are not detectable. These difficulties may be overcome with 
the present system in which electrophoretic patterns of 
hemoglobin and PGK are used as markers. Furthermore, 
vast numbers of recipient mice can be investigated frequently 
because it is much easier to examine patterns of hemoglobin 
and PGK than to examine chromosomal aberrations or 
integration sites of retrovirus. The present system Is espe- 
cially useful as a model of monoclonal reconstitution because 
a lot of information about human stem cell disorders such as 
CML, polycythemia vera, and agnogenic myeloid metaplasia 
has been accumulated by using another X chromosome- 
linked enzyme, G6PD, as a marker.’ 
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Analysis of the Erythroid Phenotype of HEL Cells: Clonal Variation 
and the Effect of Inducers 


By Th. Papayannopoulou, B. Nakamoto, S. Kurachi, and R. Nelson 


The erythroid phenotype of HEL cells, before and after the addition 
of a variety of inducers, was assessed at the cellular and biochemi- 
cal level. Among 14 inducers used, 5-aminolevulinic acid (6-ALA) 
was identified as the most optimal inducer of heme and globin 
synthesis in HEL cells. The relative synthesis of globin chains 
produced by HEL cells, mainly y and a chains with traces of < and ¢ 
chains, was not influenced by the majority of the inducers used. 
However, 6-ALA and bromodeoxyuridine did increase the relative 
synthesis of a and « chains respectively. Subcioning experiments 
revealed heterogengity in the constitutive expression of a globin; 
however, the latter was inducible in all clones by either hemin or 
6-ALA. One rare clone of HEL cells was found to produce. in 


STABLISHED ERYTHROLEUKEMIA cell lines 
capable of constitutive and induced globin expression 
are valuable tools for the investigation of cellular and molec- 
ular mechanisms regulating globin expression and erythroid 
differentiation. We have previously described the establish- 
ment of a human erythroleukemia line, the HEL cells,’ 
which, like K 562 cells,’ are capable of human globin expres- 
sion. Detailed characterization of the surface antigenic pro- 
file of HEL cells’ disclosed that these cells display several 
erythroid-specific surface markers and, in addition, features 
of other nonerythroid cell lineages (ie, platelet /megakaryo- 
cytic lineage) that have been the subject of several recent 
studies.*'* However, only preliminary data have been pre- 
sented to date on the erythroid phenotype of HEL cells.’ In 
the present study, we report detailed biochemical character- 
ization of globin produced by HEL cells before and after 
induction by several inducing agents. Furthermore, through 
the availability of antiglobin chain—specific monoclonal anti- 
bodies (MoAbs) we were able to study, at the cellular level in 
both HEL and K562 cells, the distribution of the various 
globins at basal conditions and its modulation by the induc- 
ers. The augmentation in globin expression was attended by 
certain coordinate changes in the surface erythroid pheno- 
type of HEL cells, as assessed through the use of monoclonal 
antibodies with erythroid specificity. The present analysis 
and comparative studies with K562 cells indicate that these 
two lines, by virtue of their unique characteristics and their 
composite phenotype, complement each other as models to be 
exploited for studies on the regulation of globin expression. 


MATERIALS AND METHODS 
Cell Lines and Culture Methods 


HEL cells have been in continuous culture in our laboratory since 
their establishment in 1980. Three different sublines of K562 cells 
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contrast to parental cells, significant amounts of < globin. This 
clone differed from K562 cells by the absence of any ¢ globin 
expression, thus demonstrating the independent regulation of the 
two embryonic chains, ¿e and t. Changes in the expression of 
several surface markers specific for erythroid cells were found to 
accompany the globin accumulation in these cells, and some of 
these changes appeared to be inducer specific. Thus, the unique 
globin and nonglobin phenotypic properties of HEL cells and their 
subclones make them valuable cellular models complementary to 
the existing K562 cells for studying regulatory aspects of ery- 
throid-specific proteins. 

© 1987 by Grune & Stratton, inc. 


were used for comparison: clone C-16, obtained from Dr M. Fuku- 
da"; K562 cells from Dr J. Hansen (K562-H); and K562(S) cells 
from Dr G. Rovera.’* Both K562 and HEL cells were maintained in 
RPMI 1640 medium supplemented with 10% fetal calf serum, 
pyruvate, and antibiotics in a humidified 5% CO, incubator. Cells 
were split and transferred into fresh medium at biweekly intervals. 
All cultures were tested periodically to ensure the absence of 
mycoplasma. To obtain cell doubling time in suspension cultures, 
daily cell counts in a hemocytometer were done. To derive clones 
from HEL or K562 cells, two systems of cloning were used: the 
limited-dilution method in microtiter wells or cloning in methylcellu- 
lose (MC) semisolid media and subcloning of individual clones 
initially lifted from MC plates. Cloning of HEL and K562 cells was 
also carried out in plasma clot cultures, but these cultures were used 
primarily for either benzidine staining or immunofluorescence stain- 
ing of colonies (see the following sections). 


Induction 


During log-phase growth (about 2 x 10°/celis/mL), a given 
inducer (Table!) was added at various doses to the culture media, 
and aliquots of cells were taken for testing at several intervals after 
the addition of inducer. The effect of various inducers on heme 
synthesis was assessed by benzidine staining and total hemoglobin 
determination, whereas the effect on globin was evaluated by globin 
chain analysis and by anti-globin immunofluorescence labeling. The 
effect on surface markers was evaluated by surface immunofluores- 
cence labeling using antibodies with known specificities. 


Benzidine Staining 


For evaluation of heme or hemoglobin induction in HEL or K562 
cells, benzidine staining was used in either cell suspension’? or in 
fixed cytocentrifuge smears. For the latter, an adaptation of the 
method described by McLeod et al’® was used. 


Hemoglobin Analysis 


Hemoglobin determination in lysates of induced and uninduced 
cells was carried out by a spectrophotometric method,” whereas 
separation of the hemoglobin species present was achieved by 
isoelectric focusing in polyacrylamide gels as described" with slight 
modifications. Hemoglobin bands were visualized by benzidine 
staining. For definitive identification of hemoglobin bands in our 
gels, we isolated their constituent chains {see the next section) in 
globin chain isoelectric focusing gels by using sliced bands from 
hemoglobin gels. 


Globin Chain Analysis 


For globin chain separation, lysates from *H-leucine~labeled cells 
(for an eight-12-hour period) were subjected to isoelectric focusing 
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according to a method described by Rhighetti et al” and as adapted 
by us.” Before isoelectric focusing, globin was purified through 
haptoglobin binding.” Under our conditions of isoelectric focusing, 
all human chains (e, {, y, 8, a) can be distinctly separated from each 
other. After isofocusing, the gels were fixed, treated with En?Hance 
(DuPont, Boston), dried, and subjected to fluorography and densi- 
tometry as described.” 


Immunoftuorescence With Antiglobin Chain Antibodies 


Cytocentrifuge smears prepared from uninduced and induced 
cells were fixed in methanol and reacted with antiglobin chain 
antibodies” in an indirect immunofluorescence assay using anti- 
mouse IgG (F(ab’),) conjugated to fluorescein isothiocyanate 
(FITC) as « second antibody. Two MoAbs, one against y chains and 
one specific for 8 chains, were used in a 1:1,000 dilution of ascites 
fluid. A polyclonal antibody monospecific for ¢ chains was also used. 
This antibody was made by using Hb Portland as an immunogen, 
and it was Kindly provided to us by Dr D. Chui.” 


Surface lemmunofluorescence 


Several previously characterized MoAbs were used in an indirect 
immunofluerescence assay for evaluating the membrane reactivity 
of induced » uninduced cells. These antibodies include antiglycopho- 
rin A (R-*0 and F-11)? EP-1 and EP-2, anti-i (Den), anti-1 
(Ma),” anti-H (BE2 and Ulex europaeus 1),” and antitransferrin 
receptor antibodies OKT9” and BE/25”’ as well as a recent series of 
antierythroad MoAbs generated by us.” Labeled cells were viewed 
under a Zeiss epifluorescence microscope through the appropriate 
filters, or they were subjected to fluorometric analysis in a fluores- 
cence-activated cell sorter (Ortho system 50H Cytofluorograf with a 
2150 computer, Westwood, MA). 


Subcloning 


Subcloning of HEL cells was done in MC media. Single colonies 
grown in MC were subcloned at least twice to ensure a single-cell 
origin of the clones. Subcloning of K562 cells was carried out by the 
limited-dilution method. After cloning, the isolated clones were 
expanded im suspension cultures, and they were induced and evalu- 
ated for glebin expression and benzidine positivity, as indicated for 
parental cetls. 


Commitment Assay 


To test whether a brief exposure to inducers leads to an irrevers- 
ible decision for terminal differentiation in the absence of the 
inducer, a two-step commitment assay was performed as described 
previously for K562 cells’? or MEL cells.” Briefly, after a one-day 
exposure of HEL and K562 cells to an optimal concentration of an 
inducer, the cells were washed to remove the inducer, counted, and 
plated (at 1,000 to 3,000 cells/mL) in Iscove’s modified Dulbecco's 
medium (1MDM)} or RPMI 1640, 30% fetal calf serum (FCS), and 
0.8% MC. Colony number as well as the proportion of benzidine- 
positive colonies” was determined at day 5 postplating. 


RESULTS 
Inductiomof Heme Synthesis 


Uninduced HEL cells showed only occasional benzidine- 
positive cells (Table 1), and hemoglobin levels in these cells 
were between 0.2 and 0.4 pg hemoglobin/cell. The effect of 
the various inducers on benzidine postivity is shown in Table 
1. The addition of 6-aminolevulinic acid (6-ALA) to growing 
HEL cells yielded the most optimum induction, as assessed 
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by benzidine positivity and hemoglobin analysis; up to one 
third of the cells became benzidine-positive, and the total 
hemoglobin content increased from three- to tenfold, ic, from 
0.4 to 3 to 4 pg hemoglobin/cell. Most of the other inducers 
caused a slight increase in benzidine positivity and, in 
contrast to 6-ALA, had an early adverse effect on the 
proliferation and viability of HEL cells. The metalloporphy- 
rins (Zn-protoporphyrin-IX, Co-protoporphyrin IX, or pro- 
toporphyrin-[X) were very toxic to HEL cells, which resulted 
in significant cell death during the first three or four days in 
culture. Hemin solutions and hemolysates, however, were 
much less toxic. It is notable, however, that HEL cells are far 
more sensitive than K562 cells to the toxic effects of hemin. 
The effect of hemin on new heme synthesis could not be 
assessed with confidence when using the wet benzidine stain 
because of nonspecific positivity, presumably due to the 
uptake of exogenous hemin. Among the various HEL clones 
tested, including an earlier passage of HEL cells (HEL-92), 
there was no significant variability in benzidine positivity, 
either before or after induction. However, one clone, HEL-R, 
showed significant levels of benzidine positivity, especially 
after induction (Table 2) and, in that respect, differed from 
the other parental HEL cells or subclones tested. 

Apart from the presence of the specific inducer, the level 
and type of serum used seemed to influence the level of 
induction. The induction potentiating property of the sera 
tested was as follows: 20% FCS > 10% FCS > newborn 
bovine serum > human serum > horse serum. 


Induction of Globin Synthesis 


It was previously shown that the main globin species 
produced by uninduced HEL cells is Bart’s hemoglobin (Fig 
1). Only traces of hemoglobin fractions comigrating with 
embryonic hemoglobins (Gower I, Gower IH} or with hemo- 
globin F were present. This phenotype was confirmed by 
determining the chain composition of the major hemoglobin 
fractions in two-dimensional gels. This type of analysis 
disclosed that the fraction migrating in the position of 
hemoglobin Portland is composed not of y and (chains but of 
a mixture of acetylated and nonacetylated Gy and Ay chains 
(Fig 1). Furthermore, as expected from hemoglobin analysis, 
globin chain isofocusing of *H-leucine—labeled lysates 
showed either trace or undetectable levels of « and ¢ chains 
and a variable amount of æ chains. Although the major 
globin species are y chains, the proportion of Gy to Ay is not 
as in fetuses because there is an excess of Ay chains instead 
of Gy. The pattern of globin chain synthesis in HEL cells 
contrasts with the one present in K562 cells in which there is 
predominance of Gy chains and abundant synthesis of 
embryonic globin chains (Figs 3-5). 

At a cellular level, a small but significant proportion of 
uninduced HEL cells was labeled with anti-y chain mono- 
clonal antibody, whereas only rare cells were found to be 
positive with a polyclonal and monospecific antibody for ¢ 
chains (Fig 2A). In no instance were §-positive cells seen. An 
antibody to « chains was not available to assess the cellular 
distribution of e globin. The effect of the various inducers on 
globin synthesis is shown in Table | and Figs 3 to 5. y chain 
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Table 1. Effect of Different Inducers on the Benzidine and y-Globin Positivity of HEL Celis 
Days of No. of Celis Viability Benzidine + "Y Globin + 
Agents Concentration Treatment (Percentage of Control} 1%) {9%} (%) 
None 100 >90 <1, 3-10* 
Protoporphyrin IX 50 pmol/L 7 26 60 0.4 <1.0 
Co-Protoporphyrin-|X 50 umol/-L 5 49 83 0.5 <2.0 
10 13 52 emr — 
Zn-Protoporphyrin-[X 25 pmol/L 3 64 95 -l -= 
6 5 10 — ~~ 
Hemin 50 umol/t 7 90 90 {96} 20-50 
Hemolysate 0.45 gHb/dL 3 100 95 2.2 10-30 
-ALA 500 pmol/L 3 100 94 <1-2.0 40-60 
7 100 92 5-20 60-80 
Hydroxyurea 6.57 x 107° mol/L 3 75 84 0.24 <1.0 
88 0.0 
DMSO 0.5% 3 _ 63-97 0.8 Rare 
6 = 77 0.3 
Sodium butyrate 1 mmol/L 3 50 14 0.4 1-5 
0.5 mmol/L 3 100 88 1.1 39.0 
Bleomycin 2.4 x 107° mol/L 3 33 59 1.4 10-15 
6 50 60 0.8 
Ara-C 3.5 x 107’ mol/L 3 48 49 0.6 -e 
1 x 107° mol/L 6 16 7 — an 
5.0 x 107° mol/L 4 88 96 5.0 — 
BrDU 3.25 x 1075 mol/L 4 oo 34 0.2 15-21 
3.25 x 107° mol/L 3 58 92 1.3 39.8 
1.62 x 10°° mol/L 3 88 91 2.0 40.3 
Actinomycin D 1.5 x 107? mol/L 3 91 90 0.1 6 
12 — 93 4.0 18 
.-Ethionine 1 mmol/L 3 36.0 





Abbreviations: DMSO, dimethy! sulfoxide; Ara-C, cytosine arabinoside; BrDU, bromodeoxyuridine. 


*When a range is given, it indicates values from multiple experiments. 


positivity by immunofluorescence was used as a screening of 
globin induction with all inducers, and labeling of cell lysates 
with *H-leucine was carried out only in the most potent 
inducers identified by the screening assay. The majority of 
the inducers appeared to somewhat augment y globin synthe- 
sis. However, only few of them appeared to influence the 
specific globin pattern of HEL cells. Thus, hemin and 6-ALA 
consistently increased the proportion of a-chains, as 
described previously for K562 cells,” whereas 5-azacytidine 
and BrDU increased the relative expression of e chains. The 
effect on e globin was mostly evident in a subclone of K562 
cells, C-16, which does not synthesize significant levels of e 
chains in the uninduced state (Fig 3). Also, the addition of 
BrDU and sodium butyrate increase the relative synthesis of 
e globin in HEL-92, whereas 6-ALA did not (Fig 5 and data 


100 93 0.6 


not shown). Of interest, the addition of BrDU in HEL cells 
but not in K562 cells induced the appearance of a significant 
proportion of adherent, elongated cells (data not shown). 
Because of the demonstrated celular heterogeneity in ¢ 
globin ard a presumed similar heterogeneity in e globin 
expression, subcloning of HEL ceils was carried out im the 
hope of obtaining globin phenotypes that differed signifi- 
cantly from the parental cells. Among a total of 20 clones 
tested in detail, the only variation was the one concerning the 
« chains (data not shown). However, one HEL clone 
obtained from parental HEL cells repeatedly treated for 
mycoplasma contamination was found to be distinctly dif- 
ferent from the parental population. This subclone, desig- 
nated HEL-R, is characterized by a high level of e chain 
expression and higher levels of a chain expression compared 


Table 2. Cellular Distribution of Individual Globins in HEL and K562 Cells Before and After induction 





Benzidine + Celts (%) 
K562(5} 


Y Globin + Cells (%} 


¢ Globin + Cells (9) 8 Globin+ Celis (%) 


x562{5) 





inducer * K562(S) HEL-92 HEL-R HEL-92 HEL-R K562(5} HEL-92 HEL-R HEL-92 HEL-R 
None 30 0-1+ 3-6 34.0 3-9 13-28 15-45 <1.0 0 0.4 0 0 
Hemin (97) (96) — 70 35 oo 35 2.0 a Rare 0 a 
6-ALA 93 24 43.0 81 34-67 68-91 27-55 2.5 0 2-4 0 0) 
5-Azacytidine 51 <1.0 — 61 10 mee 48 — ~~ 1.5 -l m 
Butyrate 42 1.1 4.0 77 <5 41.0 47 z o 1.5 0 0 
Ara-C —_ 12 7.0 — 34 36.0 = — 0 — 0 0 
BrDU “nee 1.3 8.0 18.5 39 49.0 13 —_ 0 1.3 0 0 
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*Cells tested four to six days after treatment. 
tRanges indicate values from several independent experiments. 
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Globin Choin IEF 


Fig1. Hemoglobin (Hb) and globin chain isoelectric focusing of 
K562 (K562-H) and HEL lysates (*H-leucine labeled). Individual 
hemoglobin species separated in hemoglobin isoelectric focusing 
gels (Hb-IEF) were sliced and run in noxidet P40-urea gels to 
analyze their constituent globin chains (globin chain IEF gels). 
Major Hb bands from HEL cells are Bart's and Bart's acetylated 
(B-ac), which migrates in the position of Hb Portland. Embryonic 
globins (Gewer I, Gower Il, Hb-X) as well as Hb F are minor bands in 
this HEL subline (severely a chain deficient), although there were 
considerably more in HEL-R. Hb-IEF, first-dimension Hb gels 
stained with benzidine; globin chain IEF. second-dimension gels 
showing radiolabeled globin chain bands; CB, Cord blood lysate; 
‘ac, acetylated ‘y chains. 


Fig 2. (A) Immunofiuorescent labeling of 6-ALA- 
induced HEL cells by monoclonal anti-y chain antibody 
conjugated to FITC and by monospecific anti-{ antibody 
plus antirabbit IgG-FITC. Preparations are of similar 
cellular densities and photographed at the same magni- 
fication (» 312). Note the high proportion of y+ cells 
and the very low proportion of {+ cells within this HEL 
population. (B) Immunofluorescent labeling of 6-ALA- 
induced K562 (C-16) cells with anti-{ antibody and with 
monoclonal anti-845 antibody conjugated to FITC. 
Although Y globin can be detected in the great majority 
of induced K562 (C-16) cells (see Table 2), a smaller 
proportion of cells is {-positive, and rare cells are 
86-positive. This positivity is attributable to the pres- 
ence of ô rather than § chains (see text). 
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Fig 3. Effəct of various inducers on the relative expression of 
globin chains in K562 (C-16) and HEL cells. Note the increase in a 
chains by hemin and the relative increase in « chains by 5 
azacytidine and BrDU. (Hemin [RL] is hemin crystallized by Dr R 
Labbe’, University of Washington.) 


with parental cells (Fig 5). However, ¢ chain ts virtually 
absent, and this feature as well as the increased proportion ol 
Avy over Gy chains distinguishes this subclone from K562 
cells (Fig 5). In addition to the high levels of «e globin 
production, this clone was characterized by high constitutive 
levels of heme and total globin synthesis (ie, higher basa! 
levels of y globin and benzidine-positive cells) and by its high 
inducibility by the same inducers used for parental cells 
(Table 2). 
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Fig 4. Globin chain isofocusing of “H-leucine-labeled K562(S) 
and K562 (C-16) cells induced by 6-ALA and sodium butyrate and 
of HEL cells induced by 6-ALA. Note the difference in «e chain 
expression between K562(S) and C-16 induced by the same 
inducer (butyrate) and the a chain increase by 5-ALA in both K562 
and HEL (compare with uninduced cells in Fig 3). 


Commitment to Terminal Maturation 


The presence of y globin-—positive cells among the unin- 
duced HEL cells and the rare benzidine-positive cells sug- 
gests that a certain proportion of HEL cells tends to accumu- 
late higher hemoglobin as if they spontaneously undergo 
terminal maturation. To test whether spontaneous commit- 
ment to terminal maturation can also be observed or 
enhanced under conditions of clonal growth, we evaluated 
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Fig 5. Isoelectric focusing of uninduced and induced °H- 
leucine—labeled cell lysates from HEL and HEL-R. The features that 
distinguish this clone from the parental line are the presence of 
high levels of < chain, the increased levels of a chains, and its 
higher overall heme and globin inducibility. 
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the number of benzidine-positive clones in a clonal assay. 
HEL cells were cloned in MC media, and colonies were 
evaluated six to ten days postplating. The morphology of 
colonies generated from HEL cells was characteristic and 
differed from the ones observed in K562 cells cultured for 
comparison, K562 cells produce compact and round colonies, 
but only one third of HEL colonies were of this type, the rest 
being diffused or scattered and reminiscent in morphology of 
human granulocytic-macrophage colonies. Subcloning of 
compact colonies tended to generate mostly compact colo- 
nies, and the same was true for noncompact colonies (data 
not shown). Spontaneous maturation was assessed by the 
appearance of a red color and by benzidine positivity of 
colonies in situ. There were no fully hemoglobinized (red) 
colonies from HEL cells, but colonies with benzidine-positive 
cells were up to 4%. In K562 plates, there were rare, small 
colonies with a reddish color and many more colonies with 
benzidine positivity. Colonies with apparent spontaneous 
maturation (any appearance of reddish color) were plucked 
from MC plates and labeled with tritiated leucine, and their 
lysates were used for globin chain isoelectric focusing. The 
globin phenotype of these spontaneously maturing HEL or 
K 562 colonies was similar to the ones obtained in subclones 
(see the previous section). Of note, no 8 chains were again 
present in any of these spontaneously maturing colonies. To 
test whether commitment to terminal differentiation /matu- 
ration can be influenced by inducers, selective inducers were 
tested in a commitment assay as described before.” In 
preliminary experiments, we have determined that 24-hour 
exposure to the inducer followed by plating in MC in the 
absence of the inducer and by evaluation of colonies at day 5 
are adequate conditions to detect any influence in commit- 
ment decision. Parallel experiments with K562 cells under 
these conditions were also carried out. The data obtained are 
shown in Table 3. An increase in the uniformly benzidine- 
positive colonies and in the mixed benzidine-positive colonies 
in K562 cells by these inducers was confirmed with these 
experiments. However, in HEL cells, at best, partial commit- 
ment by the same inducers, as judged by the assay used, 
could be observed. Of interest, virtually all benzidine-positive 
colonies in HEL cells were of the mixed type, which 
indicated that only part of the progeny becomes terminally 
committed. 


Induction of Erythroid Surface Antigens 


A detailed characterization of the membrane antigenic 
profile of HEL cells and its comparison with K562 cells has 
been previously presented.’ It was also shown previously that 
treatment of HEL cells with 12-0-tetradecanoylphorbol- 


Table 3. Induction of Commitment to Terminal Maturation 


Benzidine + Colonies (%) After a 24-h Exposure to 


-ALA Sodium Butyrate Ara-C 
Cell Line Noinducer {0.5 mmol/L) (0.5 mmol/L} IE x 107% mol/L} 
K562(S) 29.5* 32.8 §2.0 46.5 
HEL-R 6.8 31.5 20.8 12.0 
HEL-92 2.9 11.5 13.6 5.0 


*Mean of two replicate MC plates counted on day 5 postplating. 
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13-acetate (TPA) reduced the abundance of some of the 
erythroid markers (ie, glycophorin, globin) while, at the 
same time, the cells changed their behavior and became 
noninducible.* In this study, we examined whether globin 
induction in HEL cells was accompanied by changes in their 
surface erythroid antigens. 

Glycophorin. Uninduced and 6-ALA~induced HEL 
cells were treated with two MoAbs against glycophorin, 
R-10, and F-11 and then with antimouse F(ab’),-IgG (or 
IgM) conjugated to FITC and subjected to analysis (Fig 6). 
Before induction, as previously noted,’ virtually all cells were 
positive with R-10. However, induction by 6-ALA resulted in 
a rightward shift of the profile toward greater intensity of 
fluorescence. Although this shift was reproducible, the mag- 
nitude of the change was not great. In contrast to findings 
with R-10, a significant change was observed with antibody 
F-11. The latter, although highly reactive with normal 
erythroblasts,’ shows a very low intensity of fluorescence in 
uninduced cells; however, after induction, a significant shift 
toward higher fluorescence intensity is found (Fig 6). Similar 
changes were produced with hemin induction, but the 
changes were greater and more reproducible with 6-ALA 
induction. 

il-antigens. HEL cells expressed i antigen, and only an 
occasional cell reacted with anti I serum.° The behavior of il 
antigenic expression was tested after induction of HEL cells 
with hemin, 6-ALA, sodium butyrate, and BrDU. The last 
two inducers were chosen because of their reported influence 
on I antigen expression in K562 cells.” Hemin and 6-ALA 
caused only minor changes in I expression. However, BrDU 
and butyrate increased the expression of I antigen (Fig 7). 
Because these two agents, ie, sodium butyrate and BrDU, 
cause a significant reduction in the proliferation of the cells 
at the doses used, we examined whether changes in the 
proliferative status of the cells could be responsible for the 
effect. To control for proliferation inhibition, we cultured 


Anti-EP-1 


Anti-Glycophorin 





Fig6. HEL colls labeled with antiglycophorin MoAbs (R-10 and 
F-11} before and after induction by 6-ALA. Before induction 
significant reactivity with MoAb R-10 and much less so with F-11 
was observed. After induction, however, reactivity with both 
MoAbs, especially with F-11, was increased, as indicated by a 
rightward shift in fluorescence intensity. Enhancement of expres- 
sion of Ep-1 antigen in HEL and K562 cells after 5-ALA induction. 
Dotted peaks are negative control samples labeled with an irrele- 
vant first antibody of the same idiotype as Ep-1 and with the same 
second antibody (x-axis, relative cell number; y-axis, fluorescence 
intensity). 





1769 


HEL 
+ 
ant-Inf 
i 


a 








Fig 7. Enhancement of expression of | antigen in HEL cells 
after induction by butyrate and BrDU. Both inducers yielded a 
weak induction of HEL cells, and the isolated | antigen increase is 
partly attributable to cessation of cell proliferation as indicated by 
control nondividing celis (HEL cells with antitransferrin) and by 
parallel changes in another antigen (present in ali myeloid and B 
lymphoid celis) detected by antibody BB-2 (x- and y-axes are as in 
Fig 6). 


HEL cells in media containing antitransferrin for six days. 
Such cells, as independent experiments showed, failed to 
proliferate, but they remained viable for that period of time. 
As seen in Fig 7, antitransferrin-treated HEL cells showed 
an increased expression of | antigen. Therefore, it is very 
likely that, at least in part, the increase in I antigen expres- 
sion after sodium butyrate and BrDU is due to changes in 
their proliferative status, although a direct induction, espe- 
cially by BrDU (Fig 7), cannot be entirely excluded. The 
interpretation of these changes is somewhat supported by the 
information that anti-I—positive K562 cells (separated by a 
cell sorter) showed an increased doubling time compared 
with anti-I—negative cells (data not shown). In addition, it is 
of interest that another unrelated antigen, BB-2, which is 
dramatically increased with butyrate treatments, is also 
enhanced upon the cessation of proliferation of HEL cells by 
the addition of antitransferrin or TPA.’ 

H antigen. The great majority of HEL cells are posi- 
tively labeled with anti-H MoAb BE2” and with the lectin 
Ulex europaeus |. No significant changes were observed with 
induction. 

Other erythroid surface antigens. We have recently 
described the characterization of two antierythroid-specific 
antibodies (anti-EP-1 and anti~EP-2) raised through the use 
of normal erythroid cells as immunogens.”* Using these 
antibodies in K562 cells, we observed that their reactivity is 
increased after globin induction.“ Similar experiments with 
5-ALA-induced HEL cells have shown that this enhance- 
ment can also be observed in HEL cells after induction (Fig 
6). Furthermore, we have: tested the reactivity of induced 
HEL cells with a set of four new antierythroid monoclonals.” 
Augmentation in reactivity was again observed during the 
first three days of induction (data not shown). 

Transferrin receptor. The increase in transferrin-bound 
iron in the developing erythroid cell correlates with the stages 
of the most active hemoglobin synthesis. We have examined 
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the reactivity of uninduced and induced HEL or K562 cells 
with two antitransferrin receptor antibodies (OKT9 and 
BE/25). The data indicate that some increase in the expres- 
sion or the density of transferrin receptors occurs after 
6-ALA induction of either K562 or HEL cells. Because the 
cells’ proliferation rate (doubling times) early on is similar to 
that of control cells, the increase in antitransferrin receptor 
reactivity may reflect an increase in the traffic of iron into 
the cells during induction. 


DISCUSSION 


Analysis of the basal and inducible erythroid phenotype of 
HEL cells performed in this study disclosed several points of 
interest. Among several inducers used, the effectiveness of 
6-ALA was surprising. Augmentation in hemoglobin synthe- 
sis after 6-ALA addition was observed in the absence of any 
initial effects on the proliferative capacity and cell viability. 
Other inducers showed fewer effects on the augmentation of 
hemoglobin synthesis, and this was accompanied by more 
toxicity (cessation of proliferation and cell viability). It was 
of interest that 6-ALA was also a potent inducer in K562 
cells. This remarkable responsiveness of these two human 
cell lines to 6-ALA addition may indicate that in both lines 
early steps in heme biosynthesis are rate limiting. Further- 
more, because 6-ALA is not among the potent inducers of 
murine erythroleukemia cells,%°* biochemical differences 
within the heme synthetic pathway between the human and 
murine lines” may underlie these effects. 

Studies on the cellular distribution of globin chains and 
the subcloning experiments suggested that, in contrast to the 
widespread expression of y globin, expression of embryonic 
globins (¢ and e) is restricted to a subpopulation of cells. This 
population, however, does not seem to synthesize exclusively 
embryonic globins and seems to overlap with cells expressing 
y globin. The numerical relationships of y-positive cells (over 
90%) and ¢-positive cells (~25%) in K562 cells, the double (y 
and ¢) labeling experiments in the same cells (data not 
shown), and the significant production of e globin by a 
population virtually all positive in y globin-—-HEL-R and 
K562(S)—-support this notion. This is of interest in view of 
previous evidence which, based on globin biosynthetic stud- 
ies, showed that ¢ globin expression is confined only to the 
embryonic cell population during normal development.” 
Subsequent studies, however, indicated that cells coexpress- 
ing fetal (y) and embryonic (e and §) globin do exist during 
the transitional period of embryonic to fetal erythropoie- 
sis.” Thus, coexpression of fetal and embryonic globins in 
HEL-R and K562 cells may not be necessarily aberrant but a 
reflection of earlier developmental phenotypes realized 
through their leukemic transformation. Furthermore, the 
globin phenotype of HEL-R expressing high levels of e in the 
virtual absence of ¢ globin suggests that the two embryonic 
globins are independently regulated and provides a cellular 
model for further understanding of control mechanisms. 
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Expression of adult globins is virtually absent in both HEL 
and K562 cells although, in one study, a small number of 6 
and 8 mRNA copies were detected” and, in another, an 
unsubstantiated claim about hemoglobin A synthesis is 
made.” The small number of 8-positive cells found in K562 
cells in the present study is of interest. These cells were 
detected only by a MoAb reacting both with 8 and 6 chains,” 
and they were not found in subsequent studies in which an 
anti-@ chain antibody that does not crossreact with 6 chains 
was used (kindly provided by Dr Jensen).*! The presence of ô 
globin but not 8 globin, as implied by these studies, and the 
readily detected ô mRNA by previous studies" seem to 
suggest that either the factors for ô expression are different 
from those required for 8 expression” or that cis inhibition of 
B globin may be operative in these cells. 

Induction of hemoglobin synthesis was, with few excep- 
tions, not accompanied by changes in the specific types of 
globin. Some consistent trends, however, were noted (ie, 
preferential increase in æ or e chains), and these were shared 
by both HEL and K562 cells. Previously noted variations in 
the proportion of various hemoglebins or globins in K562 
cells®* can be easily reconciled by the findings presented 
here, te, the heterogeneity in w and « production by individual 
clones and the fact that some of the inducers favor the 
production of some chains over the rest. 

Although globin is augmented after induction of HEL and 
K562 cells, a well-coordinated expression of the terminal 
maturation protein program, as it occurs in murine erythro- 
leukemic ceils, does not take place. Thus, minimum or no 
changes in nonglobin proteins have been pointed out in 
previous studies of K562 cells,* and the overall protein 
profile of induced cells does not resemble the protein profile 
of normal nucleated erythroid cells. Nevertheless, despite 
the absence of a coordinated expression of the entire ery- 
throid maturation program upon induction, a few nonglobin 
changes were noted, and these most likely are indicative of an 
attempt for further maturation; thus, glycophorin attains a 
form presumably more enriched in carbohydrate groups (Fig 
6A), and the expression of some erythroid-specific antigens, 
recognized by MoAbs, is enhanced (Fig 6B). In addition, an 
increase in I antigen expression was noted with two inducers, 
BrDU and butyrate (Fig 7), as previous studies with K562 
cells have pointed out.” It is of interest that, in our studies, 
increased | expression was also correlated with decreased 
proliferative activity and a decreased number of divisicns in 
both HEL and K562 cells. However, the relevance of this 
finding to physiological increments in I antigen expression 
during erythroblast maturation” is unclear. 
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Human Granulocyte-Macrophage Progenitors and Their Sensitivity to 
Cytotoxins: Analysis by Limiting Dilution 


By Kathryn E. Barber, Philip S. Crosier, Steven Gillis, and James D. Watson 


Limiting dilution analysis of granulocyte-macrophage pro- 
genitor cells was performed by using adherent and T 
cell-depleted normal human bone marrow and the recom- 
binant human growth factors, granulocyte colony—stimu- 
lating factor (G-CSF) and granulocyte-macrophage colony— 
stimulating factor (GM-CSF). Estimated frequencies for 
progenitor cells responding to G-CSF were one in 489 for 
colonies scored at day 7, and one in 1,015 for day 14 
colonies. For GM-CSF the frequencies were one in 1,407 
{day 7) and one in 574 (day 14). The effects of tumor 
necrosis factor (TNF) and lymphotoxin (LT) on the fre- 
quency of progenitors responding to either G-CSF or 


HE CYTOTOXINS tumor necrosis factor (TNF) and 
lymphotoxin (LT) are capable of exerting a number of 
effects on hematopoiesis in vitro. Although TNF and LT 
are distinct molecular species with different antigenic deter- 
minants, there are clear similarities in both structure and 
biologic properties. The cDNA molecules for human TNF 
and LT have been isolated and expressed.*'° The recombi- 
nant products share 28% amino acid homology and 46% 
nucleotide homology, with areas of homology grouped pre- 
dominantly in two regions of the molecules.’ These homolo- 
gous regions are likely to be important in specific receptor 
binding, and there is evidence that TNF and LT bind to the 
same cell surface receptor." 

We have recently reported that the suppressive effects of 
these molecules on granulocyte-macrophage progenitor cells 
are variable and dependent upon the growth factor used to 
stimulate granulocyte-macrophage colony formation. Colo- 
nies formed after stimulation with granulocyte colony— 
stimulating factor (G-CSF) are more sensitive to the sup- 
pressive effects of TNF and LT than are colonies formed 
after stimulation with granulocyte-macrophage colony—stim- 
ulating factor (GM-CSF).” This observation suggests that 
progenitors responsive to G-CSF are more sensitive to cyto- 
toxin-induced inhibition than are those progenitors respon- 
sive to GM-CSF. To determine the frequency of human bone 
marrow progenitors sensitive to the effects of TNF or LT a 
limiting dilution analysis was performed. Cultures were 
stimulated with either recombinant human G-CSF or recom- 
binant human GM-CSF. We report a striking difference 
between the number of progenitors responsive to G-CSF 
when no cytotoxin is present and the number capable of 
proliferative response to G-CSF in the presence of either 
TNF or LT. This is in marked contrast to cultures stimulated 
with GM-CSF where neither TNF nor LT influenced the 
progenitor cell frequency. These findings are important in 
determining the mode of action of each of these hemato- 
poietic growth factors. 


MATERIALS AND METHODS 


G-CSF, GM-CSF, TNF, and LT. Recombinant human G-CSF 
(specific activity, 10’ U/mg) and recombinant human GM-CSF 
(specific activity, 3.7 x 10’ U/mg) were supplied by Immunex 
Corp, Seattle. Recombinant human TNF (specific activity, 
5.02 x 10’ U/mg) and recombinant human LT (specific activity, 
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GM-CSF was determined. Both TNF and LT inhibited the 
response of cells to G-CSF, and in these cultures the 
frequency of progenitor cells that responded to G-CSF was 
reduced to less than one in 100,000 cells. In contrast, the 
frequency of cells able to form colonies in cultures stimu- 
lated with GM-CSF was unaltered by either cytotoxin. This 
differential sensitivity to cytotoxins suggests that either 
G-CSF and GM-CSF are acting on separate granulocyte 
progenitor populations or that TNF and LT selectively 
influence the biochemical pathways associated with the 
activation of receptors for G-CSF. 

© 1987 by Grune & Stratton, inc. 


1.2 x 10° U/mg) were generous gifts from Genentech Inc, South 
San Francisco. 

Human bone marrow. Human bone marrow was obtained by 
aspiration from a panel of healthy volunteers. This procedure had 
hospital ethical committee approval. The marrow was prepared for 
use in limiting dilution assays by dilution in Iscove’s modified 
Dulbecco’s medium (IMDM; GIBCO, Grand Island, NY} supple- 
mented with asparagine, benzylpenicillin, and streptomycin sulfate, 
which was followed by separation on Ficoll-Hypaque (density, 1.077 
g/mL; Sigma Chemical Co, St Louis). Adherent cells were depleted 
by incubating the marrow cells in culture medium with 7.5% fetal 
calf serum (FCS, GIBCO) for 60 minutes at 37°C in 36 x |2-mm 
polystyrene dishes (10° cells/2 mL). Depletion of T cells was 
achieved by panning where nonadherent cells were incubated with 
optimal concentrations of Leu-} and Leu-5 (Becton Dickinson, 
Mountain View, CA), UCHT1 (P. Beverley), and OKT4 and OKT8 
(Ortho Pharmaceutical Corp, Raritan, NJ) for 20 minutes at 4°C, 
washed; resuspended at 2 x 10’ cells/3 mL; and incubated for 70 
minutes at 4°C on 100 x 15-mm polystyrene dishes coated with goat 
antibody to mouse immunoglobulin (Tago Diagnostics, Inc, Barlin- 
game, CA). The nonadherent cells were recovered by swirling the 
plates and gently washing five times. The number of T cells 
contaminating the final preparation was assessed by incubation with 
goat antimouse IgG—fluorescein isothiocyanate (FITC) (Tago) for 
20 minutes at 4°C then analysis by FACS 440 (Becton Dickinson). 
The number of T cells was always <1%. 

Limiting dilution assays. Limiting dilution assays were per- 
formed in 96-well microtitre plates (Nunc, Kamstrup, Denmark). 
Bone marrow cells were suspended in IMDM containing 0.3% agar, 
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(Difco, Detroit), 20% FCS {vol/vol preselected batch; Gibco), and 
appropriate concentrations of growth factors and/or cytotoxins. 
G-CSF and GM-CSF were added at final concentrations of 100 
U/mL, which are saturating for growth. TNF and LT were added at 
final concentrations of 100 U/mL, doses that have been shown to 
cause suppression of granulocyte-macrophage colony formation.” 
Cell concentrations ranged from 2.5 x 10°/mL to 5 x 10°/mL. 
Aliquots of 200 uL were plated in 24 microwells for each cell 
concentration. Cultures were incubated at 37°C in a humidified 
atmosphere of 5% CO, in air for 14 days. The number of wells 
containing one or more colonies (aggregates of 40 or more cells) were 
assessed at days 7 and 14. 

Calculation of progenitor frequencies. Microcultures were 
scored as positive if they contained one or more colony. The 
percentage of nonresponding cultures was plotted against the 
responder cell number. The frequency of responding cells was 
calculated from experiments in which eight to 11 different doses of 
bone marrow cells were cultured by the reiterative, maximum- 
likelihood method.’ 


RESULTS 


Frequency of granulocyte-macrophage progenitors resis- 
tant to the effects of cytotoxins. The effects of TNF and 
LT on the frequency of progenitor cells that responded to 
G-CSF and GM-CSF were examined. In these limiting 
dilution experiments cultures were stimulated with either 
G-CSF or GM-CSF, and for each growth factor, cultures 
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contained either no cytotoxin, TNF, or LT. Cultures were 
scored at days 7 and 14. Progenitor cell frequencies were 
calculated for each combination of growth factor and cyto- 
toxin at both time points. 

The data presented in Fig | are from an experiment where 
adherent and T cell-depleted bone marrow was stimulated 
with either G-CSF (panels A and B) or GM-CSF (panels C 
and D). Panels A and C show the results of assays scored at 
day 7 and panels B and D, the results of assays scored at day 
14. Estimates of progenitor frequency were calculated by 
maximum-likelihood determinations for each growth factor / 
cytotoxin combination and are presented in the legend. 
Similar results were obtained in two limiting dilution experi- 
ments performed on bone marrow mononuclear cells that 
had not been further fractionated and in an additional 
experiment performed on adherent and T cell-depleted bone 
marrow. From these experiments mean estimated precursor 
frequencies were calculated (Table 1). Both TNF and LT 
inhibited the response of cells to G-CSF such that the 
frequency of progenitor cells responding to G-CSF was 
reduced from one in 489 on day 7 and one in 1, 015 on day 14 
to less than one in 100,000 for both populations of cells. In 
contrast, neither TNF nor LT significantly altered the 
frequency of progenitors that responded to GM-CSF. 

Colonies in microcultures stimulated by GM-CSF had the 


2500 
sama + TNF 


i i i. bu E 


Fig 1. Effect of cytotoxins on progenitor fre- 
quencies for day 7 (A, C) and day 14 (B, D} colonies 
stimulated by G-CSF (A, B) or GM-CSF (C, D). The 
data shown are from one of four reproducible 
experiments. The lines were drawn such that the 
precursor frequency, calculated from maximum- 
likelihood determination, corresponded to a non- 
responding culture fraction of 0.37. Reciprocals of 
frequency estimates were as follows: @, d7, 453 
(P = .74}; d14, 1,020 (P = .99). Ma, d7 and d14, 
> 106,000. O, d7, 1,361 {P = 93); d14, 452 
iP = .93). 0, d7, 1,365 (P = .90}; d14, 460 
(P= .74). A, d7, 1,313 (P= 99); d14, 461 
{P = .77). 


LIMITING DILUTION ANALYSIS OF GM PROGENITORS 


Tabie 1. Progenitor Frequencies in Human Bone Marrow 


Progenitor Celi Frequency 


Stimutua/Cytotoxin Day 7 Day 14 
G-CSF 1:489 + 36 1:1,015 + 41 
G-CSF + TNF 
G-CSF 4 LT < 1:100,000 < 1: 100,000 
GM-CSF 1:1,407 + 124 1:574 + 105 
GM-CSF + TNF 1:1,375 + 28 1:510 + 71 
GM-CSF + LT 1:1,437 + 175 1:526 + 91 


Mean estimated progenitor frequencies for day 7 and day 14 colonies 
stimulated by G-CSF or GM-CSF in the absence or presence of cytotox- 
ins. Means + SD from three bone marrow samples are shown. 


morphological appearances of pure granulocyte, pure macro- 
phage, mixed granulocyte-macrophage, and eosinophil colo- 
nies, The relative proportions of these colony types were 
unaltered by either TNF or LT. The rare colony present in 
cultures stimulated by G-CSF in the presence of either TNF 
or LT was granulocytic in morphology. 


DISCUSSION 


The experiments described have given frequency estimates 
for late (day 7) and early (day 14) progenitor cells in 
adherent and T cell-depleted human bone marrow that are 
capable of proliferation in response to stimulation with either 
recombinant human G-CSF or recombinant human GM- 
CSF. These were one in 489 (day 7) and one in 1,015 (day 
14) for G-CSF and one in 1,407 (day 7) and one in 574 (day 
14) for GM-CSF. These frequencies are similar to those 
described for clonogenic cells in human bone marrow where 
light-density marrow cells were cultured with partially puri- 
fied native G-CSF or GM-CSF." The linearity of the plots 
and demonstration that the y-axis is intercepted at value 0 
for both growth factors suggests that the effects of G-CSF 
and GM-CSF on progenitor cells are direct rather than 
indirect (mediated by accessory cells). 

This study demonstrates the striking difference in sensitiv- 
ity to cytotoxins of progenitor cells responsive to either 
G-CSF or GM-CSF. Clonogenic cells that proliferate after 
stimulation with GM-CSF are resistant to the suppressive 
effects of TNF (100 U/mL) and LT (100 U/mL), with no 
significant alteration in the frequency of responding marrow 
cells. A small suppressive effect in cultures stimulated with 
GM-CSF is noted when TNF or LT is added in doses of 
1,000 U/mL.” In contrast, less than one in 100,000 cells are 
resistant to the effects of TNF or LT when cultures are 
stimulated with G-CSF. 

A feature of the hematopoietic system is the overlapping 
functional properties of hematopoietic growth factors and 
apparent redundancy in the control of blood cell production. 
This is particularly so for G-CSF and GM-CSF, both of 
which stimulate the formation of granulocyte colonies and 
activate mature granulocyte function.’*’® The mechanisms 
for the differential effect observed in the experiments 
described in this paper are therefore of considerable interest. 
One interpretation of the results is that the two growth 
factors, G-CSF and GM-CSF, act on largely separate popu- 
lations of clonogenic cells that are different in their responses 
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to the cytotoxins TNF and LT. Cells that proliferate in 
response to G-CSF are responsive to the effects of TNF and 
LT, whereas those cells capable of proliferation after stimu- 
lation with GM-CSF are relatively unresponsive to the 
cytotoxins. This mechanism, implicating separate progenitor 
populations, could result from differences in the expression 
of receptors for TNF and LT between the two cell pools. The 
observation that progenitors giving rise to both day 7 and day 
14 colonies in response to G-CSF are both extremely sensi- 
tive to cytotoxins and, by contrast, that both sets of progeni- 
tors responsive to GM-CSF are resistant suggests that the 
effect is not due to cytotoxins acting on a more mature cell of 
the same granulocyte-macrophage progenitor pool that has 
increased responsiveness to G-CSF as compared with GM- 
CSF. Additional evidence supporting this is that cell clusters 
(aggregates of three to 39 cells) are less sensitive to the 
suppressive effects of the cytotoxins than are cell colonies.” 
TNF and LT show considerable homology in amino acid 
sequence, bind to the same cell surface receptor, and share a 
number of biologic properties.*'' One possibility that might 
account for their difference in activity in the presence of 
G-CSF and GM-CSF may lie in effects on biochemical 
pathways associated with cell surface receptors for these two 
growth factors. There is only limited data on the structure of 
receptors for colony-stimulating factors and the intracellular 
pathways they might influence. The receptor for macrophage 
colony—stimulating factor possesses protein tyrosine kinase 
activity." It is unclear whether G-CSF and GM-CSF recep- 
tors have an intrinsic protein kinase activity. Although the 
murine G-CSF receptor appears to have a molecular weight 
(mol wt) of approximately 150,000 daltons and is large 
enough to include an intracellular protein kinase domain, the 
murine GM-CSF receptor has an estimated mol wt of only 
50,000 to 70,000 daltons.’*”? The intracellular domain of 
such a receptor may be too small to include a protein kinase 
component. It is possible that differences in the intracellular 
signaling systems activated after the binding of G-CSF and 
GM-CSF to their specific receptors may result in different 
interactions with TNF and LT. GM-CSF may be capable of 
antagonizing some or all of the effects of TNF and LT by 
acting at a postreceptor level. If the cytotoxins were to 
selectively influence the biochemical pathways associated 
with activation of receptors for G-CSF, it would not be 
possible to determine, from these experiments, whether 
G-CSF and GM-CSF were acting on the same, different, or 
overlapping populations of progenitor cells. There is experi- 
mental evidence from clone transfer studies that G-CSF and 
GM-CSF are capable of stimulating the same clone, though 
these experiments were conducted by using partially purified 
growth factors and require validation with fully purified 
molecules.'* There are at least two potential mechanisms for 
a selective effect of TNF and LT on biochemical pathways 
activated after binding of G-CSF to its receptor. The effects 
could be either directly inhibitory or mediated by the induc- 
tion of differentiation. The cytotoxins are capable of induc- 
ing cellular differentiation,”’ and G-CSF has been shown to 
be a powerful inducer of myeloid differentiation in vitro.” 
It is possible that TNF and LT, in synergy with G-CSF, have 
induced a rapid differentiation of progenitor cells at the 
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expense of proliferation, with cell aggregates not reaching 
colony size or extinction of colonies before day 7. 

Further investigation of the differential sensitivity of the 
granulocyte-macrophage system to the effect of cytotoxins 
may be helpful in further determining the roles of G-CSF 
and GM-CSF in regulating myeloid cell production. 
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Proteoglycan Synthesis in Two Murine Bone Marrow Stromal Cell Lines 


By Suzanne L. Kirby and Stuart A. Bentley 


There is evidence indicating that stromal proteoglycans 
are an important functional component of the hemato- 
poietic microenvironment. Proteoglycan synthesis was 
therefore investigated in the MS3-2A and D2XRII hemato- 
poietic stromal cell lines. These lines differ in their capacity 
to support hematopoiesis in vitro, D2XRII supporting in 
vitro hematopoiesis, whereas MS3-2A does not. Cells were 
labeled with *°S-sulfate as precursor, and 4 mol/L guanid- 
ine HC! extracts of cells and media were analyzed by 
ion-exchange chromatography. cesium chloride density 
gradient centrifugation, and molecular sieve chromatogra- 
phy. Proteoglycans were further examined by enzymatic 
and chemical digestions. MS3-2A cells produced at least 
three proteoglycan species. Two chondroitin/dermatan 
sulfate (CS/DS) proteoglycans, K,, = 0.40 and K,, = 0.68 
on Sepharose CL-2B, were present primarily in the 
medium. The respective glycosaminoglycan molecular 


EMATOPOIETIC STEM CELL function in vivo is 
dependent on close-range interaction with a complex 
cellular microenvironment.'? The technique of long-term 
bone marrow culture’ has provided a valuable in vitro model 
for study of the hematopoietic microenvironment at both the 
cellular and the molecular level. A variety of cellular pheno- 
types have been implicated as potential mediators of hemato- 
poietic microenvironmental function,*? and a variety of 
hematopoietic growth regulators have been demon- 
strated’? 

There is evidence indicating that extracellular matrix 
components play a significant role in supporting hematopoie- 
sis in long-term bone marrow culture. Proteogivcans are 
important components of extracellular matrices'* and appear 
to have growth regulatory functions in a number of systems." 
Proteoglycans are complex macromolecules consisting of a 
central protein core to which is attached a variable number of 
glycosaminoglycan side chains. Glycosaminoglycans are 
polysaccharides consisting of repeated disaccharide subunits 
that in turn consist of an amino sugar linked to a carboxylate, 
a sulfate ester, or both.'* Chondroitin sulfate (CS) was found 
to be the major glycosaminoglycan in the medium and 
heparan sulfate (HS), the major glycosaminoglycan in the 
cell layer of murine long-term bone marrow cultures."° 
Perturbation of proteoglycan synthesis in murine long-term 
bone marrow culture by addition to the culture medium of 
p-nitrophenyl-8-D-xyloside'’ was shown to have profound 
effects on hematopoietic function’ and lead to a fivefold 
increase in granulocyte/macrophage progenitors (CFU-G/ 
M) and a tenfold increase in piuripotential hematopoietic 
stem cells (CFU-S). These changes were associated with 
increased levels of CS in the medium.” 

Only a single major study has addressed the question of 
intact proteoglycan synthesis in long-term bone marrow 
culture. ? Essentially similar patterns of proteoglycan syn- 
thesis were demonstrated in the cell layer and the medium, 
both of which were shown to contain at least three species of 
CS/dermatan sulfate (CS/DS) proteoglycans. CS and DS 
are closely related glycosaminoglycans, with glucuronic 
acid / N-acetyl galactosamine disaccharide subunits differing 
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weight (mol wt) values were 38 kd and 40 kd. A heparan 
sulfate (HS) proteoglycan of K,, = 0.58 and glycosaminogiy- 
can mol wt 36 kd was present primarily in the cell layer 
extract. D2XRII cells synthesized two HS proteoglycans. 
The larger (K,, = 0.45; glycosaminoglycan moi wt, 30 kd) 
was of low density on gradient centrifugation and more 
prominent in the cell layer extracts, whereas the smaller 
(K,, = 0.68; glycosaminoglycan mol wt, 38 kd} was dense 
and present mainly in the culture medium. A single CS/DS 
proteoglycan species of K,, 0.78 and average glycosamino- 
glycan of mol wt 18 kd was present in roughly equal 
amounts in the medium and in the cell iayer. MS3-2A and 
D2XRII thus appear phenotypically distinct with respect to 
proteoglycan synthesis. These differences are discussed in 
relation to the microenvironmental function of bone mar- 
row stromal elements. 

ə 1987 by Grune & Stratton, inc. 


only in the degree of epimerization of glucuronic acid to 
iduronic acid. HS proteoglycan accounted for approximately 
10% of the labeled material. Intact long-term bone marrow 
cultures contain a variety of cellular phenotypes, both stro- 
mal and hematopoietic, many of which have been shown to 
synthesize proteoglycans. It is not therefore possible to 
ascribe the synthesis of particular proteoglycan species to 
particular classes of cells. 

An alternative approach for the investigation of stroma! 
proteoglycan synthesis is the study of stromal cell lines 
derived from long-term bone marrow cultures. In the present 
study, we investigated two such stromal cell lines, namely, 
MS3-2A”?! and D2XRII,” the major properties of which 
are summarized in Table |. These cell lines differ in one 
essential respect: D2XRII cells are microenvironmentailly 
competent and support long-term in vitro hematopoiesis 
when cocultivated with hematopoietic progenitor cells.” 
MS3-2A cells are not microenvironmentally competent but 
appear to function as preosteoblasts responding to 1:3- 
dihydroxyvitamin D stimulation with greatly increased levels 
of alkaline phosphatase activity.” 


MATERIALS AND METHODS 


Materials. Guanidine HCI (practical grade), cesium chloride 
(optical grade), Sephadex G-50, diethyl aminoethyl! (DEAE) 
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Table 1. Major Characteristics of the MS3-2A and 
D2XRII Stromal Cell Lines 
Characteristic MS3-2A D2XRi 

Interstitial collagens (types |, iih} + + + 
Basement membrane collagen (type IV} — + 
Fibronectin + + 
Laminin in + 
M-CSF + + 
Muiti-CSF = 

Hydrocortisone-induced adipogenesis + + 
Preosteoblast properties + + = 
Microenvironmental competence = + 


Sephacel, Sepharose (CL-2B, CL-4B, and CL-6B), 6-aminohexa- 
noic acid, benzamidine HCI, N-ethylmaleimide (NEM), phenylme- 
thylsulfonyl fluoride (PMSF). CS (whale cartilage), chondroitinase 
ABC (Proteus vulgaris), and chondroitinase AC (Arthrobacter 
aurescens) were purchased from Sigma Chemical Co, St Louis; 
heparitinase (Flavobacterium heparinum) from ICN Immunobio- 
logicals, Lisle, IL; sodium **S-sulfate from ICN Radiochemicals, 
Irvine, CA; Safety-Solve scintillation cocktail from Research Prod- 
ucts International Corp, Mount Prospect, IL; fetal calf serum and 
sulfate-free RPMI 1640 medium from GIBCO, Grand Island, NY; 
L-glutamine, 1000x penicillin/streptomycin, HEPES, RPMI 1640, 
and medium 199 from the Tissue Culture Facility, University of 
North Carolina at Chapel Hill. 

Cell culture techniques. The MS3-2A cell line was generously 
provided by Dr T.M. Dexter, Manchester, England. The D2XRII 
cell line was generously provided by Dr J.S. Greenberger, Worces- 
ter, MA. Cultures were maintained in 25-cm° tissue culture flasks at 
34°C ina humidified atmosphere of 5% CO,, 95% air. MS3-2A cells 
were cultured in medium 199, supplemented with 15% fetal calf 
serum, 1% 200 mmol/L L-glutamine, and penicillin/streptomycin 
1000x. D2XRII cells were grown in RPMI 1640 containing 10% 
fetal calf serum, 1% 1 mol/L HEPES, 1% 200 mmol/L L-glutamine, 
and 1000x penicillin/streptomycin, under similar conditions. The 
cells reached confluence in four to five days and were subcultured by 
trypsinization, with a split ratio of 1:5. 

Radioisotope labeling. Labeling was initiated as the cell cul- 
tures approached confluence by adding fresh medium containing 
either 50 wCi/mL or 200 wCi/mL sodium **S-sulfate as precursor. 
Sulfate-free RPMI 1640 was used in the labeling experiments. 

Isolation of proteoglycans. After labeling, the cells were 
removed from the bottom of the flask with a cell scraper and the 
contents transferred to a centrifuge tube. The medium and cells were 
centrifuged at 1,000 g for 15 minutes at 5°C. The medium was 
decanted, and 0.53 g/mL solid guanidine HCl, 10 wl /mL 100x 
NEM, and 10 uL/mL 100x PMSF were added to make the solution 
4 mmol/L in guanidine HCI, 10 mmol/L in NEM, and | mmol/L in 
PMSF. Cell pellets were extracted at room temperature with 4 
mmol/L guanidine HCI, 0.1 mol/L 6-aminohexanoic acid, 10 
mmol/L NEM, | mmol/L PMSF, 5 mmol/L benzamidine HCI, 50 
mmol/L sodium EDTA, 50 mmol/L sodium acetate, and 0.5% 
Triton X-100, pH 5.8, 1 mL/25-cm’ flask culture. The cell extracts 
and media were stored at --20°C for subsequent analysis. Unincor- 
porated isotope was removed from the medium fractions and cell 
extracts by Sephadex G-50 chromatography (bed volume of 8 mL 
for each 1.5-mL sample). Columns were eluted with 8 mol/L urea, 
0.05 mol/L sodium acetate, 0.15 mol/L sodium chloride, and 0.5% 
Triton X-100 for subsequent ion-exchange chromatography. Recov- 
eries of macromolecular material were >85%, and separation from 
unincorporated material was complete. 

Column chromatography. Sephadex G-50-excluded fractions 
in 8 mol/L urea, 0.15 mol/L sodium chloride, 0.5 mol/L sodium 


KIRBY AND BENTLEY 


acetate, and 0.5% Triton X-100 were applied to DEAE-Sephacel 
columns (16 x 4 cm) equilibrated with the same 8 mol/L urea 
buffer. After sample application, the columns were washed with 
approximately 20 mL 8 mol/L urea buffer and then eluted with a 
linear NaCl gradient (0.15 to 1.0 mol/L} using a total volume of 100 
mL. “S-labeled peaks were pooled and then concentrated on DEAE- 
Sephacel columns of 1.5-mL bed volume.” Recoveries of **S-labeled 
material were > 80%. 

Analytic columns of Sepharose CL-2B and CL-4B (1.6 x 10@cm) 
were prepared in and eluted with 4 mol/L guanidine HCI, 0.05 
mol/L Tris, 0.05 mol/L sodium acetate, and 0.2% Triton X-100, pH 
7.0, at a flow rate of 12 mL/h. Analytic columns of Sepharose 
CL-6B (1.6 x 100 cm) were prepared in and eluted with 0.1 mol/L 
sodium acetate and 0.1 mol/L Tris, pH 7.3 (flow rate, 12 mL/h). 
The void and total column volumes were marked with blue dextran 
and free *S-sulfate, respectively. Recoveries of labeled macromole- 
cules were >80%, 

Tsopyknie cesium chloride centrifugation. Solid cesium chlo- 
ride, 0.5 g/g, was added to medium and cellular proteoglycan 
fractions in 4 mol/L guanidine HCI buffer after ion-exchange 
chromatography and concentration to give an initial density of 1.40 
g/mL. Dissociative density gradients were formed by using a 
Beckman 6) SW rotor at 37,000 rpm at 10°C for 48 hours in a 
Beckman L8-70 ultracentrifuge (Beckman Instruments, Ine., Ful- 
lerton, CA). Fifteen 0.25-mL fractions were collected after piercing 
the bottom of the tube. These fractions were pooled into four 
approximately equal fractions, designated DI through D4 from 
bottom to top, for subsequent gel-filtration chromatography. 

Chemicai analyses. Alkaline borohydride treatment was per- 
formed in 9.05 mol/L sodium hydroxide and 1 mol/L sodium 
borohydride at 45°C for 24 hours, which resulted in @-elimination of 
glycosaminoglycan chains from the protein core. Excess borohy- 
dride was destroyed by neutralization with glacial acetic acid. 
Nitrous acid treatment was performed at room temperature in 0.18 
mol/L acetic acid with 0.24 mol/L sodium nitrite for 80 minutes.” 
The reaction was stopped by the addition of an equal volume of 2 
mol/L ammonium sulfamate. 

Enzymatic treatments. Samples were digested for four hours at 
37°C with chondroitinase ABC (0.05 to 0.1 U/mg carrier) and 
chondroitinase AC (0.25U/mg carrier) in a 0.1 mol/L Tris, 0.) 
mol/L sodium acetate buffer, pH 7.3.% Enzyme concentrations were 
adjusted for the content of CS carrier. Heparitinase digestion was 
carried out ina 0.1 mol/L Tris, 0.1 mol/L sodium acetate, and 0.005 
mol/L calcium acetate buffer, pH 7.0, containing 0.5 mg/mL 
ovalbumin, | mmol/L PMSF, and 0.1 U/mL heparitinase.” Diges- 
tion was cortinued for three hours at 37°C and fresh enzyme added 
for one additional hour. 


RESULTS 


Kinetics of macromolecular incorporation of label. The 
accumulation of “S-labeled macromolecules in the media 
was linear for up to 96 hours but tended to plateau in the cell 
layer extracts (Fig 1). Preliminary gel-filtration chromatog- 
raphy indicated that proteoglycan synthesis was qualitatively 
stable for 96 hours, although there was progressive accumu- 
lation of smaller molecules, presumably proteoglycan degra- 
dation products, during the later stages of the observation 
period (data not shown). A 48-hour labeling period gave 
maximum incorporation of isotope with acceptable levels of 
proteoglycan degradation and was therefore considered opti- 
mal for subsequent experiments. At the 48-hour time peint, 
the ratio of macromolecular **S activity in the media to that 
in the cell layer extracts was approximately 2:1. 


Analysis of culture media proteoglycans. DEAE- 
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Fig 1. Accumulation of “S-labeled macromolecules in the 
medium @) and cell layer (A) of MS3-2A cultures. Virtually 
identical results were obtained in D2XRIl cultures. 


Sephacel chromatography of macromolecular material from 
both MS3-2A and D2XRII culture media revealed single, 
broad “S-labeled peaks eluting between 0.40 and 0.65 
mol/L NaCl (data not shown). Pooled material from these 
peaks was further analyzed by CsC] density gradient centrif- 
ugation. Sepharose CL-2B chromatograms of the gradient 
fractions from the MS3-2A culture medium are illustrated in 
Fig 2A. All the gradient fractions contained proteoglycans of 
Ka 0.65 to 0.70 in substantial quantities, with a tendency to 
decreasing hydrodynamic size with decreasing density. The 
DI to D3 fractions also contained proteoglycans of Ka 0.35 
to 0.45, whereas the D4 fractions contained an incompletely 
resolved peak of intermediate hydrodynamic size. Sepharose 
CL-2B chromatograms of the gradient fractions from the 
D2XRII culture medium are illustrated in Fig 2B. All 
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Table 2. Analysis of CsCl Density Gradient Fractions 
From MS3-2A and D2XRil Culture Medium 


Deere ee ee ee eran ee are a panataran ference eine 


Percent of 


Total CS/DS Proteoglycan — HS Proteoglycan 
Density Gradient Percent of Fraction 

Fraction (g/k} Activity Fraction Ka (98) Ka 
MS3-2A D1 1.59 25 46 0.36, 0.70 a7 0.62 
MS3-2AD2 1.48 34 64 0.42, 0.69 2g 0.60 
MS3-2A D3 1.39 28 723 0.38, 0.67 347 0.62 
MS3-2A D4 1.33 13 62 0.60 43 0.69 
D2XRi1 D1 1.58 22 20 0.85 BO 0.56 
D2XRH D2 1.48 33 40 0.82 60 0.69 
D2XRi D3 1.39 24 65 0.78 30 0.62 
D2XRH D4/ 1.31 9 42 0.64 66 0.55 

D2XRID4/H 4.31 12 70 0.80 20 * 


CS/DS proteoglycans were quantitated as chondroitinase ABC- 
sensitive activity and HS proteoglycans, as heparitiniase-sensitive activi- 
ty. 

*Scanty residual material with no clearly defined peak, 


D2XRII medium fractions contained a major labeled peak in 
the range 0.65 to 0.75 K,,, whereas the medium D4 fraction 
also contained a clearly defined second peak of Ka 0.55. 

The percentages of “S-labeled material in each culture 
medium fraction sensitive to chondroitinase ABC and hepar- 
itinase digestion and eluting at Vt (total column volume) on 
subsequent Sepharose CL-2B chromatography are shown in 
Table 2 together with K,, values for the resistant material. 
Digestion data indicate that all MS3-2A medium fractions 
contained a polydisperse CS/DS proteoglycan of Ka 0.68 
that accounted for 45% of the total radioactivity recovered 
from the gradient. The intermediate-density fractions 
(mainly D2 and D3) also contained a larger CS/DS proteo- 
glycan (K, 0.35 to 0.45) that accounted for 20% of the 
recovered activity. In addition, all fractions contained a 
polydisperse HS proteoglycan (K, 0.61) that accounted for 
35% of the activity recovered from the gradient. Digestion 
data for D2XRII culture medium indicate that the major 
peaks in all fractions (K,,, 0.65 to 0.75) contained varying 
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proportions of a dense HS proteoglycan of K,, 0.67 and a 
somewhat less dense polydisperse CS/DS proteoglycan (K,, 
0.78). These proteoglycans accounted, respectively, for 45% 
and 49% of the total activity recovered from the gradient. 
Analysis of the D4 gradient fraction also revealed the 
presence of a larger, low-density HS proteoglycan (K,,, 0.55) 
that accounted for approximately 6% of the total recovered 
radioactivity. 

Proteoglycans from MS3-2A and D2XRII culture 
medium were digested with chondroitinase ABC or hepariti- 
nase and the resistant material separated on Sepharose 
CL-2B. The resulting peaks (see Fig 2) were pooled, concen- 
trated by ultrafiltration, and subjected to alkaline borohy- 
dride treatment for subsequent glycosaminoglycan analysis. 
The Sepharose CL-6B elution profile for MS3-2A culture 
medium HS glycosaminoglycan showed a single peak of Ka 
0.37 that corresponded to a molecular weight (mol wt) of 36 
kd. The elution profile for D2XRH medium HS glycosami- 
noglycan showed a single peak of K,, 0.36 that corresponded 
to a mol wt of 38 kd. Both peaks were fully susceptible to 
nitrous acid digestion, which confirmed that the chondroiti- 
nase ABC-resistant material in both original samples was 
HS proteoglycan. The larger, low-density HS proteoglycan 
was purified separately from the D2XRII medium D4 
fraction and subjected to alkaline borohydride treatment. A 
subsequent Sepharose CL-6B chromatogram showed a single 
included peak of K,, 0.35 that corresponded to a glycosami- 
noglycan mol wt of 40 kd. The elution profiles of glycosami- 
noglycans isolated from the two MS3-2A medium CS/DS 
proteoglycans were virtually identical to each other and 
showed single included peaks of K,, 0.36 that corresponded 
toa glycosaminoglycan mol wt of 38 kd. Glycosaminoglycan 
chains from the D2XRII mecium CS/DS proteoglycan were 
considerably smaller and gave a single included peak of K,, 
0.47 that corresponded to a mol wt of 22 kd. 

Analysis of cell layer extract proteoglycans. DEAE- 
Sephacel elution profiles of macromolecular material 
obtained from MS3-2A and D2XRII cell layer extracts 
showed single, broad *°S-labeled peaks eluting between 0.40 
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mol/L and 0.65 mol/L NaCl (data not shown). Pooled 
material from these peaks was further analyzed by CsCl 
density gradient centrifugation. Sepharose CL-2B chroma- 
tograms of the gradient fractions from MS3-2A cell layer 
extract are illustrated in Fig 3A. Chromatograms of all 
fractions showed peaks of Ka 0.55 to 0.60. Fractions DI to 
D3 contained a small amount of a proteoglycan species of 
similar hydrodynamic size to that seen in the equivalent 
medium fractions (K,,, 0.35 to 0.45). Fraction DI also 
contained an incompletely resolved peak of K,, 0.73. Sepha- 
rose CL-2B chromatograms of the CsCl] gradient fractions 
from D2XRII cell layer extract are illustrated in Fig 3B. The 
D1 to D3 fractions each showed two major peaks of K,, 0.55 
to 0.60 and K,, 0.78, respectively. The K,, 0.78 peak predom- 
inated in fraction D1, whereas the K, 0.55 to 0.60 peak 
predominated in fraction D3. The D4 fraction showed peaks 
of K,, 0.45 and 0.62. 

The percentages of **S-labeled material in each cell layer 
extract fraction sensitive to chondroitinase ABC and hepari- 
tinase digestion and eluting at Vt on subsequent Sepharose 
CL-2B chromatography are shown in Table 3 together with 
K,, values for the resistant material. Digestion data for the 
MS3-2A cell layer extract indicate that all fractions con- 
tained a HS proteoglycan of K,, 0.55 to 0.60, although the 
majority of this proteoglycan was present in the low-density 
fractions (D3 and D4). HS proteoglycan accounted for 
approximately 45% of the total radioactivity recovered from 
the gradient. The K,, 0.35 to 0.45 material in gradient 
fractions DI to D3 was a large CS/DS proteoglycan similar 
to that found in MS3-2A culture medium, and this 
accounted for approximately 10% of the total recovered 
radioactivity. Fractions D2 to D4 contained a CS/DS pro- 
teoglycan of K,, 0.65 to 0.70 that accounted for about 35% of 
total recovered radioactivity. The K,, 0.73 peak in gradient 
fraction D: was fully sensitive to chondroitinase ABC diges- 
tion and accounted for 10% of the total recovered radioactivi- 
ty. On Sepharose CL-6B chromatography before and after 
alkaline borohydride treatment, the observed K,, values were 
0.36 and 0.44, respectively. This suggests that the material in 


Fig3. Sepharose CL-26 chromatograms of 
CsCi gradient fractions from BAS3-2A and 
D2XRU cell layer extracts. MS3-2A4 cell layer 
{A} fractions D1 to D3 contained proteoglycans 
in the range of K,, 0.35 to 0.45. All fractions 
contained peaks of Ka 0.55 to 0.60. Fraction D1 
also contained an incompletely resolved peak 
of Ka 0.73. The D2XRH cell layer (B) D1 to D3 
fractions each showed two major peaks of Ku 
0.55 to 0.60 and K,, 0.78, respectively, the K,, 
0.78 peak predominating in fraction D1 and the 
Ka 0.55 to 0.60 peak, in fraction DS. The D4 
fraction showed peaks of K,, 0.45 and 0.62. 
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Table 3. Analysis of CsCi Density Gradient Fractions 
From MS3-2A and D2XRII Cell Layer Extracts 


saat a CS/BS Proteoglycan HS Proteoglycan 
Density Gradient Percent of Fraction 

Fraction {g/L} Activity Fraction Kev (%} Ka 
MS3-2A D1 1.60 30 76 0.35, 0.75 35 0.56 
MS3-2A D2 1.49 32 68 0.36, 0.70 51 0.52 
MS3-2A D3 1.40 21 43 0.35, 0.69 67 0.61 
MS3-2A D4 1.35 17 40 0.65 70 0.55 
D2XRH D1/1 1.59 5 33 $ 75 0.55 

D2XRH D1/ 1.59 25 85 0.82 20 a 
D2XRH D2% 1.49 12 13 0.66 85 0.58 
D2XRIi D2/il 1.49 20 85 0.81 20 0.85 
D2XRHD3/} 1.42 13 19 0.69 79 0.59 
D2XRIH D3/H 1.42 8 80 0.82 35 0.82 
D2XRI D4/ 1.33 5 20 ” 85 0.55 
D2XRI D4/H 1.33 12 60 0.73 35 0.67 





CS/DS proteoglycans were quantitated as chondroitinase ABC- 
sensitive activity and HS proteoglycans, as heparitinase-sensitive activi- 
ty. 

*Scanty residual material with no clearly defined peak. 


question was a small CS/DS proteoglycan rather than a free 
glycosaminoglycan and that the corresponding glycosamino- 
glycan mol wt was 26 kd. 

Digestion data for the D2XRII cell layer extract indicate 
the presence of an intermediate- to low-density HS proteo- 
glycan of K,, 0.58 that accounted for 34% of the ”S activity 
recovered from the gradient. The D4 fraction also contained 
a low-density HS proteoglycan of K,, 0.45 that appeared 
distinct from the K,, 0.58 material. This accounted for 
approximately 8% of the recovered activity. An interme- 
diate- to high-density CS/DS proteoglycan of K,, 0.78 
accounted for approximately 58% of the total activity recov- 
ered from the gradient. 

Cell layer proteoglycans were digested with chondroiti- 
nase ABC or heparitinase and the resistant material sepa- 
rated on Sepharose 2B-CL. The resulting peaks (see Fig 3) 
were pooled, concentrated by ultrafiltration, and subjected to 
alkaline borohydride treatment for subsequent glycosamino- 
glycan analysis. The Sepharose CL-6B elution profile for 
MS3-2A cell layer HS glycosaminoglycan showed a single 
peak of K,, 0.37 that corresponded to a mol wt of 36 kd. This 
material was fully susceptible to subsequent nitrous acid 
digestion. The MS3-2A cell layer HS glycosaminoglycan 
was thus equal in size to the MS3-2A medium HS glycosam- 
inoglycan, although the intact cell layer proteoglycan was 
somewhat larger and more buoyant. The elution profiles of 
glycosaminoglycans isolated from the two MS3-2A cell layer 
CS/DS proteoglycans were virtually identical to each other 
and showed single included peaks of K,, 0.36 that corre- 
sponded to a glycosaminoglycan mol wt of 38 kd. These 
results were in turn identical to those obtained for the 
corresponding proteoglycans isolated from MS3-2A me- 
dium. 

The elution profile for DZXRII cell layer HS glycosami- 
noglycan showed a single peak of K,, 0.41 that corresponded 
to a mo! wt of 30 kd. This material was fully susceptible to 
subsequent nitrous acid digestion. The larger, low-density 
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Table 4. Summary of Major Characteristics of Proteoglycans 
identified in MS3-2A and D2XRil Culture Media 
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Source Percent of mol wt 





Designation {Medium} Source PG ,,CL-2B Density GAG ikd) 
MS3-M-DS1 MS3-2A 19 0.35-0.40 im DS 38 
MS3-M-DS2 MS3-2A 45 0.68 Poly DS 40 
D2X-M-DS O2XRii 49 0.78 Int DS ae 
MS3-M-HS MS3-2A 36 0.67 Poly HS 36 
D2X-M-HS1 DZ2XRH 45 0.67 High HS 38 


D2X-M-HS2 D2XRI 6 0.55 Low HS 40 


Abbreviations: PG, proteoglycan: GAG, glycosaminoglycan, Int, inter- 
mediate; Poly, polydisperse. 


HS proteoglycan was purified from the D2XRII cell layer 
D4 fraction and subjected to alkaline borohydride treatment. 
A subsequent Sepharose CL-6B chromatogram also showed 
a single included peak of K,, 0.41 that corresponded to a 
glycosaminoglycan mol wt of 30 kd. The elution profile of 
glycosaminoglycan isolated from the D2XRII cell layer 
CS/DS proteoglycan showed a single included peak of Ku 
0.52, that corresponded to a glycosaminoglycan mol wt of 15 
kd. 


DISCUSSION 


The major characteristics of the proteoglycans identified 
in MS3-2A and D2XRII culture media are summarized in 
Table 4. MS3-2A secreted two clearly identifiable CS/DS 
proteoglycans differing in size and buoyant density. In 
contrast, D2XRII cells produced only a single CS/DS 
proteoglycan that was smaller and more dense than the 
corresponding MS3-2A proteoglycan (MS3-M-DS2), with 
smaller glycosaminoglycan side chains. D2XRII cells 
secreted relatively more HS proteoglycan into the culture 
medium than did MS3-2A cells. In further contrast, the 
D2XRII medium HS proteoglycans were readily resolved 
into a small, high-density species (D2X-M-HS1) and a 
larger, low-density species (D2X-M-HS2), whereas only a 
single, polydisperse HS proteoglycan was identifiable in 
MS3-2A culture medium. 

The major characteristics of the proteoglycans identified 
in MS3-2A and D2XRII cell layer extracts are summarized 
in Table 5. The D2XRII cell layer contained only a single 
CS/DS proteoglycan, closely resembling that identified in 
the culture medium. In contrast, three CS/DS proteoglycans 
were identified in the MS3-2A cell layer. Two of these 
(MS3-C-DS1 and MS3-C-DS2) were similar to correspond- 


Table 5. Summary of Major Characteristics of Proteoglycans 
identified in MS3-2A and O2XRii Cell Layer Extracts 
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GAG 
Source Percent of 
Designation (Celt Source PG 


Ka CL-2B Density GAG ikd) 





0.35-0.40 int DS 38 
0.65-0.70 Poly DS 40 


MS3-C-DS1 MS2-2A 10 
MS3-C-DS2 MS3-2A 25 


MS3-C-DS3 MS3-2A 10 0.73 High DS 26 
D2xX-C-DS  D2XRI 58 0.78 High DS 15 
MS3-C-HS  MS3-2A 55 0.55-0.60 Low HS 36 
D2X-C-HS1 D2XRil 34 0.58 int HS 36 


D2X-C-HS2 DZXRI 8 0.45 Low HS 30 
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ing proteoglycans in the culture medium (MS3-M-DSI1 and 
MS3-M-DS2), whereas a third CS/DS proteoglycan (MS3- 
C-DS3) more closely resembled the D2XRII cell layer 
CS/DS proteoglycan. Both cell layers contained low-density 
HS proteoglycans. The D2XRII cell layer HS proteoglycans 
were further resolved into intermediate- and low-density 
fractions (D2X-C-HS1 and D2X-C-HS2). It is uncertain 
whether these represent distinct proteoglycan species or 
polydispersity of a single species. 

The present studies have demonstrated substantial differ- 
ences between the patterns of proteoglycan synthesis in 
MS3-2A and D2XRII cells. The proteoglycan synthesis 
pattern of MS3-2A cells had much in cemmon with that 
observed in a variety of fibroblast cell lines. Vogel and 
Peterson,” studying proteoglycan synthesis in IMR-90 
human embryonic lung fibroblasts, identified two CS/DS 
proteoglycans in the medium of K,, 0.29 and K,, 0.68 on 
Sepharose CL-2B. The major proteoglycan species found in 
the cell layer was a low-density HS proteoglycan of K,, 0.40 
on Sepharose CL-2B. Carlstedt et al’! found a large, 
glucuronic acid—rich DS proteoglycan and a smaller, idu- 
ronic acid~-rich DS proteoglycan to be the major species in 
the culture medium from embryonic skin fibroblasts. The 
cells contained mainly HS proteoglycan, a DS proteoglycan 
similar to the large DS proteoglycan from the medium and 
free DS chains. The proteoglycan synthesis pattern of 
D2XRII cells more closely resembled that observed in endo- 
thelial cells. Bovine aortic endothelial cells have been shown 
to synthesize a large buoyant HS proteoglycan, a smaller 
dense HS proteoglycan of K,, 0.43 on Sepharose CL-4B, and 
a CS/DS proteoglycan of K,, 0.45.” 

It is tempting to associate differences in proteoglycan 
synthesis with functional differences between these cell lines. 
MS3-2A cells appear to represent a fibroblast-like pheno- 
type with the potential to develop into osteoblasts.” The 
osteoblastic potential of so-called bone marrow fibroblasts is 
well documented,” and it has further been demonstrated 
that these cells do not provide a microenvironment supportive 
of hematopoiesis in long-term bone marrow culture.’ 
Because the proteoglycan synthesis pattern of D2XRII cells 
has more in common with the endothelial cell phenotype, the 
present findings are in accordance with the current consensus 
that the hematopoietic microenvironment in long-term bone 
marrow culture is provided by an endothelial-like cell. 

Hematopoietically active human long-term bone marrow 
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cultures were shown to produce three species of CS/DS 
proteoglycan on the basis of hydrodynamic size, with similar 
heterogeneity in the medium and the cell layer. A large, 
glucuronic acid—rich species eluted in the void volume of a 
Sepharose CL-4B column. The remaining CS/DS proteogly- 
can appeared to consist of an intermediate-sized glucurenic 
acid—rich fraction excluded from a Sepharose CL-6B column 
and a smaller species, K,, 0.39 on Sepharose CL-6B, richer in 
iduronic acid. HS proteoglycan accounted for only 10% of 
the labeled material in this culture system. It was suggested 
that this pattern of proteoglycan synthesis resembled that of 
smooth muscle cells, which have previously been proposed as 
potential contributors to hematopoietic microenvironmental 
function.” Smooth muscle cells have been shown to produce 
two CS/DS proteoglycans, including a large, glucurenic 
acid—rich species of Ka 0.30 on Sepharose CL-2B and a 
smaller, iduronic acid—rich species of K,, 0.69, with only 
small quantities of HS proteoglycan.” Thus smooth muscle 
cells, in terms of proteoglycan synthesis, more closely resem- 
ble MS3-2A cells, which are incompetent microenvironmen- 
tally, than D2XRII cells. Although the presence of smooth 
musclelike cells in long-term bone marrow cultures is cer- 
tainly a possibility, it is probable that the observed proteogly- 
can heterogeneity reflected the presence of multiple stromal 
and hematopoietic phenotypes. Synthesis of proteoglycan, 
especially CS proteoglycan, has been demonstrated in lym- 
phocytes," monocytes,” neutrophils,” eosinophils,“ 
and basophils. Proteoglycans derived from hematopoietic 
elements may thus represent a substantial proportion of total 
proteoglycan synthesis in hematopoietically active long-term 
bone marrow cultures. 

There is compelling evidence that proteoglycans contrib- 
ute significantly to the functional hematopoietic microenvi- 
ronment.™* To evaluate this contribution, it will be necessary 
to identify and characterize the specific proteoglycans 
involved. Proteoglycans are extremely complex structures 
and are therefore polydisperse. There is thus considerable 
overlap between different species with respect to chemical 
and physical properties, and resolution of individual proteo- 
glycans is difficult, even in pure culture systems. In a 
heterogeneous system such as long-term bone marrow cul- 
ture, such resolution is virtually impossible. The study of 
microenvironmentally competent stromal cell lines offers a 
potentially valuable alternative. 
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Hematopoetic Precursors Respond to a Unique 
B Lymphocyte—Derived Factor In Vivo 


By Eero Niskanen, Janet Gorman, and Peter C. isakson 


In this study we detected a factor that stimulates the 
proliferation of bone marrow—derived hematopoietic pre- 
cursors in diffusion chambers implanted in mice. This 
factor, called diffusible colony-stimulating factor (D-CSF), 
was found in medium conditioned in the presence of spleen 
and peripheral blood ceils from mice with B cell leukemia 
(BCL,). After the administration of D-CSF, the number of 
colonies formed in the plasma clot inside the chamber 
(CFU-DG) was increased, as were the number of hemato- 
poietic precursors (CFU-MIX, CFU-S, CFU-C, and BFU-E) as 
judged by a subculture of diffusion chamber contents. 
Depletion of macrophages and T cells from the spleen cell 
suspension did not decrease the production of D-CSF, 
thereby indicating that it was derived from B cells. Neo- 
plastic BCL, cells appear to be the source because D-CSF 
could not be detected in medium conditioned with normal B 
cells. BCL,-conditioned medium (CM) did not enhance 
CFU-MIX, BFU-E, and CFU-C colony formation in vitro, 


HE FORMATION OF COLONIES in semisolid cul- 
tures in vitro has been established as a standard probe 
to detect hematopoietic activities. Based on morphological 
assessment, cytokines have been identified that induce single 
cells to give rise to progeny consisting of erythroid, granulo- 
cytic, monocytic, megakaryocytic, or mixed populations of 
cells.'* Whether hematopoietic cell proliferation in vivo is 
modulated by the same substances has been difficult to 
determine, except for the role of erythropoietin on red cell 
production. The existence of other physiological hemato- 
poietic regulators active in vivo has been implied by 
enhanced granulocytic colony formation from bone marrow 
in diffusion chambers implanted in mice that are rendered 
cytopenic with cytotoxic agents or total body irradiation. ™® 
The murine bone marrow cells (CFU-DG) that give rise to 
these colonies can also give rise to multipotential precursor 
cells (12-day CFU-S),'' which suggests that the diffusion 
chamber system detects activities early in hematopoietic 
differentiation, 
Previously, we have discovered that two neoplastic human 
T cell lines (Mo and HUT 102) elaborate an activity that we 
call diffusible colony-stimulating factor (D-CSF), which 
enhances granulocytic colony formation from human mar- 
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which suggested that D-CSF is different from multi-CSF, 
EPA, or CSF. The addition of BCL, CM to multi-CSF-, 
erythroid potentiating activity (EPA), and CSF (EL-4CM)- 
containing cultures had mo effect on CFU-MIX, BFU-E, and 
CFU-C coleny formation, thus indicating the absence of a 
synergistic or inhibitory activity. On the other hand, EL-4 
CM, which stimulates CFU-MIX, BFU-E, and CFU-C in vitro, 
had no effect on CFU-DG in vivo. Biochemical characteriza- 
tion of BCL, CM revealed that D-CSF is relatively heat 
stable and loses its bioactivity with protease treatments. It 
binds to lentil-lectin, accerding to gel-filtration chromatog- 
raphy has a relative molecular weight of approximately 
43,000, ard on reverse-phase high-performance liquid 
chromatography elutes with acetonitrile. These data also 
indicate that transformed B cells may serve as a source for 
hematopoietic regulators that act on hematopoietic pre- 
cursors in vivo. 

© 1987 by Grune & Stratton, Inc. 


row in diffusion chambers in mice. This activity can be 
separated from those activities that stimulate multipotential 
(CFU-MIX) and unipotential (BFU-E, CFU-C) precursors 
in vitro.'*'? The unresponsiveness of murine hematopoietic 
cells to the human factor nas limited further in vivo charac- 
terization of D-CSF and indicates species specificity. This 
obstacle is now removed dy identification of murine B cell 
line leukemia, BCL,, as a source of D-CSF. 


MATERIALS AND METHODS 


Cell preparation. The BCL, cell line is monoclonal and bears 
abundant surface IgM, I: is maintained by intravenous passage 
of 2 x 10° peripheral blood cells obtained from BCL,-bearing 
BALB/c mice (Cumberland View Farms. Clinton, TN}. 

BCL, conditioned medium. The BCL, spleen celis and periph- 
eral blood ceils were obtained from BALB/c mice inoculated with 
BCL, cells 4 to 6 weeks earlier. After separation on a Ficoll- 
Hypaque gradient, macrophages were removed by adherence (30 
minutes, four times) to glass and T cells by anti-Thy 1.2 antibody 
(Immunology Associates, Westchester, PA} plus baby rabbit 
complement. After these trea:ments, the preparations contained less 
than 0.3% macrophages and T cells as judged by nonspecific esterase 
stain and flucrescence microscopy, respectively. Purity of the BCL, 
cells was also assessed by fluorescence microscopy after staining 
with rhodamine-conjugated polyvalent Ig goat antimouse immuno- 
giobulins. Pure populations of normal B cells were obtained similarly 
from the spleens of normal BALB/c mice. Then the cells were 
incubated in 75-cm’ plastic flasks (Corning Glass Works, Corning, 
NY) at 37°C and 10% CO, ia RPMI 1640 medium with or without 
10% fetal calf serum (FCS) for six days at 2 x 10° cells/mL. In the 
absence of serum the cultures were supplemented with 1% Nutri- 
doma (Boehringer Mannheim Biochemicals, Indianapolis) and 10 
mM HEPES buffer (GIBCO, Grand Island, NY}. During the 
culture period, cell viability remained high (>90%), and there was 
no net increase in cell number, which indicated a relatively quiescent 
cell population. Reverse transcriptase assay of BCL, conditioned 
medium (CM) did not demonstrate any increased activity, which 
suggested that viruses or virus-derived particles were not responsible 
for the hematopoietic effects. Endotoxin was removed from selected 
preparations by using the Himulus amebocyte lysate absorption 
technique.'® 
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EL-4 CM. EL-4 CM was obtained by culture of EL-4 ceils 
(10°/mL) in 2% FCS and RPMI 1640 with 10 nmol/L phorbol 
myristate acetate for two to three days. The CM was concentrated 
tenfold by a Millipore CS-30 apparatus and then dialyzed exten- 
sively against phosphate-buffered saline (PBS). This CM contained 
high levels of interleukin 3 (IL-3), IL-2, GM-CSF, and B cell 
stimulating factor (BSF-1)."” 

CFU-DG assay. The number of CFU-DG was determined by 
the plasma clot diffusion chamber technique.'* Diffusion chambers 
were prepared by gluing Millipore filters (Millipore Corp, Bedford, 
MA; pore size, 0.22 uz) onto both sides of a plastic ring. Each 
chamber was filled with 0.1 mL murine bone marrow cell suspension 
(concentration | x 10° cells/mL). After sealing, two chambers were 
implanted into the peritoneal cavity of each mouse. Preparations to 
be assessed were given either intraperitoneally (0.5 mL/d) or by 
osmotic minipumps (Alza Corp, Palo Alto, CA), which were 
implanted in the peritoneal cavity. At the end of the culture, six to 
eight chambers per group were removed from the hosts. The clot that 
had formed inside the chamber was fixed in 5% glutaraldehyde and 
stained with benzidine-hematoxylin, dried, and made transparent by 
dipping in immersion oil. On microscopic examination, cell aggre- 
gates containing more than 19 granulocytic cells or more than seven 
erythroid cells were counted as colonies. Based on a dilution curve, 
the amount of protein giving rise to one colony over control was 
considered | unit. 

CFU-C assay. The double-layer agar technique was used to 
assay CFU-C.'? Bone marrow cells (1 x 10°/plate) were placed in 
the upper layer, and the agent to be assayed for stimulating activity 
was placed in the lower layer. In assays for inhibitory activity, bone 
marrow cells and compounds to be assayed were placed in the same 
single layer. Triplicate cultures were incubated in 5.0% CO,, and the 
colonies were counted after seven days. 

BFU-E assay. Cells were cultured in Petri dishes, by using the 
methylcellulose technique of Iscove et al.” Human urinary erythro- 
poietin was obtained from Toyobo, Inc (Osaka, Japan). Duplicate 
plates were incubated at 37°C in a humidified atmosphere of 7% 
CO, in air. On day 8, aggregates of 40 cells or more were counted as 
BFU-E. 

CFU-MIX assay. A technique first described by Fauser and 
Messner” and modified by Ash et al” was used to assay CFU-MIX. 
Cells were cultured in 35-mm Petri dishes with 5% CM from EL-4 
cell line, 1 unit of human erythropoietin (Toyobo), 30% FCS, 
Iscove’s 10°° modified Dulbecco’s medium, 5 x 10°° mol/L 2- 
mercaptoethanol (Sigma Chemical Co, St Louis), and 0.9% methyl- 
cellulose as a viscous support. After 14 days of incubation at 37°C in 
a humid atmosphere containing 5% CO,, cultures were examined for 
the presence of mixed colonies. Mixed colonies were identified by 
their composition of translucent and hemoglobinized cells. Hetero- 
genous morphology was verified on slides prepared from individual 
colonies and stained with Wright’s stain. 

CFU-S assay. CFU-S were assessed by the method described by 
Till and McCulloch.” Host mice were pretreated with 850-R total 
body irradiation. Each mouse received 0.25 mL of cell suspension 
(concentration, 3.2 x 10° cells/mL). They were killed 12 days later, 
and their spleens were removed and fixed in Bouin's solution for 
colony count. 

Culture of hematopoietic cells in diffusion chambers in 
mice. The diffusion chamber technique used in this study has been 
described in detail elsewhere." Diffusion chambers were filled with 
1 x 10° normal murine bone marrow cells and implanted intraperito- 
neally in mice. The hosts were injected intraperitoneally daily with 
0.5 mL of media to be tested. After four days of implantation, six 
chambers per group were removed and placed in McCoy’s medium 
containing 0.5% pronase (Calbiochem, La Jolla, CA) and 5% Ficoll 
(Sigma) to dissolve the clot formed inside the chambers. After 
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agitation for 80 minutes at room temperature, the chambers were 
opened sterilely, and the contents were removed for determination of 
CFU-S, CFU-MIX, BFU-E, and CFU-C concentrations per cham- 
ber. 

Enzyme treatments. BCL, CM was treated with trypsin (1.8 
U/mL in 0.1 mol/L Tris-HCL for 20 minutes, Sigma), chymotryp- 
sin (0.13 U/mL in 0.1 mol/L Tris-HCL for 20 minutes, Sigma), 
pronase (0.14 U/mL in PBS for 20 minutes, Calbiochem), or 
neuraminidase (8 U/mL in I mol/L sodium acetate for 90 minutes, 
Sigma). 

Purification of D-CSF. BCL, CM was concentrated tenfold by 
a mini-ultrasart ultrafiltration module (Sartorius, Göttingen, West 
Germany) and dialyzed against PBS. This material was applied to a 
column (2.5 x 6 cm) of lentil-lectin Sepharose 4B (Pharmacia Fine 
Chemicals, Piscataway, NJ) that had been equilibrated with PBS. 
Then 10 vols of buffer was used to wash the column, and 35 mL of 
0.2 mol/L methyi-p-mannoside in PBS was used to elute D-CSF. 
The resulting preparation was again concentrated tenfold, applied to 
an Ultrogel AcA44 column (1.5 x 90cm; LKB, Gaithersberg, MD), 
and equilibrated with PBS as the running buffer. The column was 
calibrated by using ovalbumin (43 kd) and chymotrypsinogen (25 
kd). The flow rate was 6 mL/h, and 3-mL fractions were collected. 
Fractions with the highest D-CSF activity were combined and 
applied directly to the high-performance liquid chromatography 
(HPLC) column without additional manipulation. Reverse-phase 
HPLC was performed on a Beckman apparatus (Beckman Instru- 
ments, Inc, Fullerton, CA) by using a Brownlee C-8 column (4.5 x 
100 mm; Brownlee, Santa Clara, CA) with a starting solvent of 10% 
acetonitrile and 0.1% trifluoroacetic acid in water. The column was 
eluted with increasing concentrations of acetonitrile in 0.1% trifluo- 
racetic acid by using the following gradient: 10% to 30% acetonitrile 
over 20 minutes and then 30% to 60% over 60 minutes. The flow rate 
was 1.5 mL/min. UV absorbance was monitored at 214 nm, and 
protein peaks were collected by a FRAC-100 fraction collector 
(Pharmacia), evaporated to dryness, and resuspended in a small 
volume of PBS. 

Protein determination. The protein concentration was measured 
by the Bradford method.” 


RESULTS 


Effect of BCL, on granulopoiesis in vivo. BALB/c mice 
inoculated with BCL, demonstrate, in accordance with an 
earlier study (Muirhead, personal communication), an 
increase in the granulocyte count (Fig 1); the hematocrit 
value and platelet count remained unchanged up to 5 weeks. 
To determine whether the granulocytosis might be caused by 
an activity stimulating colony formation inside diffusion 
chambers, we implanted diffusion chambers containing | x 
10° normal bone marrow cells in both normal and BCL, 
tumor-bearing mice. As judged by the number of colonies 
containing granulocytes (Table 1), the mice inoculated with 
leukemic B cells 4 weeks earlier provided an environment 
that enhanced proliferation and differentiation of CFU-DG 
compared with controls (P < .01). The number of erythroid 
colonies (CFU-DE) stayed unchanged (Table 1), which 
implied the absence of an effect on erythroid differentiation. 

Effect of BCL, CM on CFU-DG. To determine whether 
BCL, cells themselves were producing a humoral factor 
acting on CFU-DG, we assayed CM obtained from in vitro 
cultures of BCL, cells from the spleen and peripheral blood 
of leukemic mice. These CM contained an activity that 
stimulated CFU-DG (P < .01) but not CFU-DE (Table 2). 
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Fig 1. The number of leukocytes and granulocytes in normal 
BALB/c mice (@-——-@) and mice carrying the BCL, tumor (O-——0O) 
was determined weekiy. 


Treatment of BCL, CM with limulus amebocyte lysate did 
not reduce D-CSF activity (data not shown). In further 
experiments, T cells and macrophages were removed from 
spleen cell suspensions by using anti-Thy | plus complement 
and adherence to plastic, respectively; the effect of media 
conditioned in the presence of this purified B cell population 
was then assessed. As shown in Table 2, a dose-dependent 
increase in the number of the CFU-DG per chamber in 
treated mice could be observed. Medium conditioned in the 
presence of B lymphocytes from normal BALB/c mice failed 
to enhance colony formation (Table 2), thereby suggesting 
that neoplastic B cells were the source of D-CSF. 

Effect of BCL, CM on CFU-MIX, BFU-E, and CFU-C in 
vitro. Because several T cell lines produce many hemato- 
poietic activities detectable by in vitro culture'*"’ along with 
factors detectable by in vivo diffusion chamber culture, we 
evaluated BCL, CM for its action on other hematopoietic 
precursors. As shown in Table 3, even after a tenfold 
concentration, BCL, CM had no effect on either multipoten- 
tial (CFU-MIX) or unipotential erythroid (BFU-E) and 
granulocyte-macrophage (CFU-GM) precursors in vitro. 
The same CM did not potentiate or inhibit the stimulatory 
effect on these precursors by EL-4 CM (Table 3). The 
addition of normal mouse serum to in vitro cultures contain- 
ing BCL, CM had no effect on colony numbers (data not 
shown); neither did the addition of serum from mice treated 
with BCL, CM for three days contain any activity stimulat- 
ing colony formation in agar (CFU-GM) or methylcellulose 
(BFU-E, CFU-MIX, data not shown). There was no differ- 


Table 1. Colony Formation in Diffusion Chambers Implanted in 
Norma! and Leukemic (BCL,) Mice 





CFU-DG/Chamber* CFU-DE/Charmber 





Host Mice + SEM + SEM 
Control 69 = 17 +1 
BCL, 157 + 20 3+2 


*Each point represents 18 observations from three different experi- 
ments. 
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Table 2. Effect of Humoral Activities Derived From BCL, Mice on 
Colony Formation in Diffusion Chambers in Vivo 


Pet tet terete RA NY OAH AMH A Dii iani pd Re Rete RR OHARA AM re trte a a Rhett a ATASA beter ved 


Type of CFU-DG/Chamber* CFU-DE/Chamber 
Treatment + SEM + SEM 
Control 53 +9 0 
BCL, spleen cell CM 93 + 12 åz] 
BCL, peripheral 895 Q 
blood cell CM 
BCL, cell CMt 144 + 20 3 a ae 
1:2 dilution 112 + 10 327 
1:4 94 + 7 S +2 
1:8 75 +8 221 
1:16 56 +6 342 
Normal B cell CMt 56 +6 4+2 


*Each point represents 18 to 24 observations from at least three 
different experiments. 

tT cells and macrophages were removed from the cell preparation. 

tConcentration of the preparation tenfold did not have further effect 
on colony formation. 


ence between normal sera and sera from BCL, mice in 
stimulating colony formation in vitre (data not shown). 

Effect of BCL, CM on CFU-MIX, CFU-S, BFU-E, and 
CFU-C in vive. To determine whether BCL, CM had an 
effect on other precursor cells in in vivo cultures in addition 
to CFU-DG, the contents of diffusion chambers were har- 
vested four days after implantation and subcultured in 
semisolid medium in vitrc. As shown in Table 4, the number 
of CFU-S, CFU-MIX, BFU-E, and CFU-C was signifi- 
cantly increased, which implied that BCL, CM act either 
directly or indirectly vie a more primitive cell on these 
precursors, 

Biochemical characterization of BCL, CM. Biochemi- 
cal characterization of D-CSF demonstrated that it is rela- 
tively heat stable (Fig 2) and resistant to neuraminidase 
treatment (Table 5). On the contrary, protease treatment of 
D-CSF abolished its bioactivity (Table 5). Table 6 summa- 
rizes a representative purification (one of three) of D-CSF 
from 10 L serum-free BCL, CM. Because many cytokines 
are glycoproteins, we passed BCL, CM over lentil-lectin 
agarose. Essentially all of the D-CSF activity was bound to 
this matrix and could be eluated with a-methy!-p-mannoside 
(data not shown). The lentil-lectin eluate was concentrated 
and fractionated by gel filtration on an Ultrogel AcA44 
column. As shown in Fig 3, material with D-CSF activity 
was found in a pool of fractions near the ovalbumin standard 
(molecular weight [mol wt] 43,000). Finally, by using 
reverse-phase HPLC, D-CSF activity was recovered in a 


Table 3. Effect of Lymphocyte-Derived Humoral Activities on 
Colony Formation in Vitro 


CFU-GM/Plate* BFU-E/Plate CFU-MIX/Plate 
Source of CM + SEM + SEM + SEM 
Control o 4t +2 Q 
BCL, ceil line D 44+ 1 0 
EL 4 ceil line 70 + 2 82 + 4 7t 
EL 4 cell line 
+ BCL, cell line 67 +3 82+ 4 B+ 1 


*Each point represents the mean of nine observations from three 
experiments. 


Bais 


B LYMPHOCYTE DERIVED GROWTH FACTOR 


Table 4. Effect of BCL, CM on the Number of Colony-Forming 
Cells in Diffusion Chambers in Mice 





tio Number of Colony-Forming Cells/Chamber + SEM 
Treatment CFU-S CFU-MIX BFU-E CFU-C 


Control 22.2 + 2.0 3.4 + 1.6 11412 430 18.8 + 3.2 
BCL, CM 34.2 + 2.0% 11.8 + 2.8} 50.6 + 3.8f 95.2 + 7.0t 





+ 


Mice were treated daily with 0.5 mL BCL CM or control medium. After 
four days’ diffusion chamber treatment, the contents were removed, and 
the number of precursors was determined by subculture, as described in 
Materials and Methods. 

*P < 05. 

tP < 01. 


fraction containing approximately 20 ug protein (Fig 4, 
Table 6). 

Absence of adrenocorticotrepic hormone in BCL, 
CM. Because some B cell lines are known to produce 
adrenocorticotropic hormone (ACTH) and because the 
number of CFU-DG increases after methylprednisolone 
administration to the host mice,” the concentration of 
ACTH” was determined in BCL, CM. The failure to detect 
any increased levels of this hormone suggests that D-CSF is 
not identical to ACTH and that the stimulatory effect was 
not mediated by corticosteroids. 


DISCUSSION 


Results from this study suggest that the enhancement of 
CFU-DG colony formation in diffusion chambers implanted 
intraperitoneally in BCL, tumor-carrying mice (Table 1) 
was mediated by a humoral factor. It was most likely 
elaborated by tumor cells because an increase in the number 
of colonies could also be observed after the administration of 
medium conditioned in the presence of spleen and peripheral 
blood cells consisting mostly of malignant B cells (Table 2). 
Normal macrophages and lymphocytes present in the cell 
suspension were an unlikely source because removal of these 
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Fig 2. Heat stability curve for D-CSF present in BCL, CM. 
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Table 5. Effect of Trypsin, Pronase, Chymotrypsin, and 
Neuraminidase on D-CSF Activity 





TNs daminealnarareta trie m i a cnt paaa maa ya 





Treatment * CFU-DG/Chamber + SEM + 
Control 71.2 10 
Trypsin 4524 
Pronase 32 +5 
Chymotrypsin 36 + 3 
Neuraminidase 67 +8 








* All preparations were extensively dialyzed against PBS before admin- 
istration to mice carrying diffusion chambers. 
tEach point represents 18 points from three experiments, 


ONCENTRATION (g/m) 


CF U-DG/CHAMBER 





5) 60 70 80 
VOLUME Omi 


Fig 3. A representative illustration (one of five experiments) 
of partial purification of D-CSF. After tenfold concentration, BCL, 
CM was chromatographed on the lentil-lectin and eluted with 
a-methyl-b-mannoside. After another tenfold concentration, the 
material was then applied to an Ultrogel AcA44 column. Protein 
(-----) was determined by the Bradford method.” The column was 
calibrated by using ovalbumin (43 kd) and chymotrypsinogen (25 
kd). 





CFU-DG (% OF CONTROL) 
ABSORBANCE 214 pm em 


ACETONITRILE (%) 


Fig 4. Reverse-phase HPLC elution profile. The material 
applied was prepared from 10 L serum-free BCL, CM through 
lentil-lectin and Ultrogel chromatography. The protein was eluted 
with acetonitrite and monitored by absorbance at 214 nm {~-—-). 
Each 3-mlL fraction collected by a FRAC-100 fraction collector was 
assessed for D-CSF activity. 


Table 6. Purification of D-CSF From BCL, CM 








HAE rrr eraiapnmma nren r RHA RSI ereitera iM BAAN ate 


Protein Approximate Estimated Apparent 
Step (mg) Activity (U} Specific Activity U/mg” Yield (36) 
CM 360 936,000 2,600 
Lentil-lectin 19 207,800 16,200 32.3 
Ultroge! 0.56 53,000 94,600 5.7 
Reverse-phase HPLC 0.020 8,600 430,000 0.9 


OSSES OO O AAEE a aaaea aatia secu my 


*Based on a dilution curve, the amount of protein giving rise to one colony above the number of colonies in the control was considered 7 unit. 
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cells did not diminish the potency of the conditioned medium 
(Table 2). Additionally, medium conditioned in the presence 
of B cells from normal BALB/c mice failed to stimulate 
CFU-DG (Table 2), which suggested that nontransformed B 
cells do not produce D-CSF or that B cells must be activated 
to produce D-CSF. 

The failure to stimulate BFU-E, CFU-C, and CFU-MIX 
colony formation in vitro by BCL, CM (Table 3) confirms 
our previous results indicating that D-CSF from human 
sources, like murine D-CSF, is different from erythroid- 
potentiating activity (EPA) GM-CSF, and multi-CSF. By 
boiling and using chromatographic techniques we were able 
to separate human T cell line (Mo and HUT 102)-derived 
D-CSF from EPA, CSF, and multi-CSF. 2}? Unlike 
human GM-CSF, human D-CSF," like murine CSF (Fig 2), 
was relatively heat stable, and on diethylaminoethy!—Sepha- 
rose chromatography it had less affinity for the matrix than 
EPA and multi-CSF. 

The increase in the number of CFU-S, CFU-MIX, BFU- 
E, and CFU-C in the diffusion chambers in addition to 
enhanced CFU-DG colony formation suggests that produc- 
tion of these hematopoietic precursors, at least in in vivo 
culture, can be modulated by a stimulatory activity present 
in BCL, CM that is different from multi-CSF, EPA, and 
GM-CSF. The failure of colony-forming cells to respond in 
vitro to BCL, CM (Table 3) may indicate that expression of 
its stimulatory effect on hematopoietic progenitors requires 
the presence of compounds occurring in vivo but not the 
ingredients of in vitro cultures. The lack of stimulation after 
the addition of mouse serum to these cultures (data not 
shown) does not exclude this possibility because conditions 
inside the diffusion chambers in the peritoneal cavity are 
different. Alternatively, BCL, CM acts on CFU-DG indi- 
rectly via another growth factor. The inability to detect 
increased levels of GM-CSF, EPA, or multi-CSF in the 
serum of mice carrying BCL, or BCL, CM-—treated mice 
may indicate that these factors are not involved in the 
modulation of CFU-DG growth. However, it is possible that 
D-CSF acts locally on cells that are different from CFU-DG 
and induces them to elaborate growth factors acting on 
CFU-DG. 

Unchanged hematocrit values and platelet counts in mice 
receiving BCL, CM were not unexpected, despite the possi- 
bility that CFU-DG may be at least as primitive as multipo- 
tential 12-day CFU-S. It has been shown that when lithium 
is administered to mice, regardless of its stimulatory effect 
on CFU-DG* and CFU-S.” only peripheral blood granulo- 
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cyte counts are higher. The data in the prior study” 
suggested that lithium, like BCL, tumor cells, stimulates 
CFU-DG colony formation through a humoral factor that is 
different from CSF detected by in vitro CFU-C assay. 

Involvement of GM-CSF in the development of gramulo- 
cytosis secondary to neoplasms has been suggested by several 
clinical and animals studies.*°*’ However, the possibility that 
other factors cause granulocytosis cannot be excluded. A 
recent report describes poor correlation between levels of 
GM-CSF derived from two mammary adenocarcinema 
tumor lines and granulocyte levels in host mice.” The results 
of this study suggest that an increase in the granulocyte 
count was mediated by D-CSF. 

Traditionally, B lymphocytes have been thought to secrete 
only immunoglobulin, but recent reports indicate that these 
cells can produce other biologically active molecules, includ- 
ing growth factors,” endorphins and ACTH,” and B cell 
differentiation factors.“ Our data demonstrate that neoplas- 
tic B cells produce, in addition to immunoglobulin, molecules 
capable of directly or indirectly stimulating hematopoietic 
precursors in vivo. Initial biochemical purification demon- 
strates that D-CSF resembles other hematopoietic factors.” 
Its attachment to a lentil-lectin column and its elution with 
a-methyl-D-mannoside suggests that D-CSF is a glycopro- 
tein. [ts mol wt (43,000) (Fig 3) is in the same range as that 
of other colony-stimulating factors, and like EPA* in 
reverse-phase HPLC, it elutes with acetonitrile (Fig 4). It 
probably does not have ACTH-like biological activity 
because the ACTH concentration in BCL, CM was not 
elevated. This concern was prompted by the aforementioned 
report” indicating the production of ACTH by B cells and by 
our earlier study” indicating that corticosteriods exert a 
stimulatory effect on CFU-DG. The possibility that D-CSF 
represents a component of murine leukemia viruses also 
seems remote because the reverse transcriptase assay was 
negative. 

These findings provide further evidence that the hemato- 
poietic factor detected by in vivo diffusion chamber assay is 
different from factors detectable by conventional in vitro 
assay. 
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Association of Hemoglobin H Disease With Hb J-Iran (877 His — Asp): 
Impact on Subunit Assembly 


By Samuel Rahbar and H. Franklin Bunn 


A young iranian female was found to be heterozygous for 
hemoglobin (Hb) J-lran (877 His —> Asp) in combination 
with Hb H disease. The proportion of Hb J in the patient's 
hemolysate was suprisingly high: 65% Hb J, 30% Hb A. 
Thus, the interaction of a negatively charged 6 subunit 


HE DISTRIBUTION of normal and variant hemoglo- 

bins (Hbs) in heterozygotes provides insight into the 
biosynthesis and assembly of the Hb tetramer. Because one 8 
globin gene is inherited from each parent, an individual 
heterozygous for a Ø globin variant would be expected to 
have approximately equal levels of normal and abnormal 
Hbs. A few 8 variants such as E, the Lepores, Knossos, 
K-Woolwich, and Vicksburg are synthesized at a signifi- 
cantly lower rate than BA. In heterozygotes these variants 
constitute much less than half of the total Hb and are 
associated with a thalassemic phenotype. Low levels of the 
variant are also observed in heterozygotes for unstable Hbs 
such as Köln and Zürich. The variability in levels of most of 
the remaining stable variants appears to be due to differences 
in the rate of subunit assembly.’ 

Hb J-fran (677 His -> Asp) is one of the many informa- 
tive Hb variants that have been discovered in the ethnically 
diverse population of Iran.*? Subsequently this variant was 
reported in Turkey* and in a Russian-Armenian family.’ The 
concentration of this variant in heterozygotes was always 
found to be nearly equal to that of Hb A. In this report we 
describe a 14-year-old female who had Hb J-Iran in combi- 
nation with Hb H disease. Surprisingly, electrophoresis on 
both cellulose acetate and on citrate agar revealed twice as 
much Hb J as Hb A. This observation provides additional 
insights into how the surface charge on mutant Hb affects 
subunit assembly. 


METHODS 


Routine hematologic data were obtained by standard techniques. 
Erythrocytes were examined for inclusion bodies after treatment 
with brilliant cresyl blue. Hb stability was assessed by incubations of 
hemolysates in isopropanol.® Hb electrophoresis was performed on 
cellulose acetate (Tris-EDTA-borate buffer, pH 8.6) and on acid 
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variant of Hb with a-thalassemia leads to a marked 
increase in the relative amount of the variant Hb within red 
celis. This observation provides further support for an 
electrostatic model of Hb subunit assembly. 

© 1987 by Grune & Stratton, inc. 


citrate agar gel.’ Globin chain electrophoresis was also performed at 
both acid and alkaline pH.’ The proportions of different Hb fractions 
were determined after cellulose acetate electrophoresis and elution 
of unstained Hb bands as previously described.* In vitro globin chain 
synthesis and a/f synthetic ratios were measured by standard 
techniques.” Structural identification of the variant Hb was estab- 
lished by isolation of the abnormal subunit by urea-carboxymethyl- 
cellulose chromatography,” digestion with trypsin, separation of 
tryptic peptides on two-dimensional maps, and amino acid analysis 
of abnormal peptides.” 


RESULTS 


A 14-year-old Persian girl was referred for investigation of 
mild jaundice and anemia. On physical examination her 
spleen was found to be moderately enlarged. Two other 
siblings were also found to have mild anemia and splenomeg- 
aly. Erythrocytes from the proband and from two of her 
siblings displayed characteristic inclusion bodies of Hb H 
disease. The proportion of red cells containing inclusion 
bodies was much less in the proband than that found in her 
two siblings. Nevertheless the isoprepanol stability test was 
positive in all three individuais. Hb electrophoresis on cellu- 
lose acetate at alkaline pH confirmed the presence of Hb H 
in the proband as well as in these two siblings. In addition to 
Hb H, the proband showed a fast-moving Hb band in the 
position of Hb J. The distribution of Hbs in the proband’‘s 
hemolysate was 65% Hb J, 30% Hb A, 3% Hb H, and 2% Hb 
A, The a-to-@ synthetic ratio in the proband was 0.2, 
consistent with three-gene deletion a-thalassemia. Three 
other siblings were also heterozygous for Hb J but lacked Hb 
H. The variant in their red cells composed about 50% of the 
total Hb. The marked difference in Hb distribution between 
the proband and her siblings was confirmed by citrate agar 
electrophoresis at pH 6.5 as well as by electrophoresis and 
chromatography of globin chains. Structural analysis of the 
variant demonstrated that it was Hb J-Iran (877 
His — Asp), a variant frequently found among Iranians. 


DISCUSSION 


This is the first description of the association of Hb H 
disease with a negatively charged 8 subunit variant. This 
severe form of a-thalassemia imposes a marked increase in 
the proportion of the variant Hb in the circulating red cells 
(Fig 1). Previously, the association of another negatively 
charged variant, Hb J-Baltimore (816 Gly — Asp), with 
probable homozygous a-thalassemia-2 (a-/a-) was noted to 
cause a moderate increase of the variant within the red 
cells.'? In contrast, several reports have described the asso- 
ciation of a-thalassemia (including Hb H disease) with 
positively charged @ subunit variants such as Hb $, Hb C, Hb 
E, and Hb D.'* In all cases the proportion of these variants 
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Fig 1. Effect of a-thalassemia on the proportion of negatively 
charged {O} and positively charged (@) 8 globin variants in hetero- 
zygotes. In all cases Hb A constitutes the great majority of the 
remaining Hb. In three-gene deletion a-thalassemia, a smali 
amount of Hb H (4,) is present. Modified with permission.’ 


in heterozygotes correlates inversely with the number of a 
genes deleted (Fig 1). 

The substitution of an aspartic acid residue for a histidine 
in Hb J-Iran gives this variant a gain of 1.5 negative charge 
units. The higher negative charge on the surface of the 8J- 
Iran subunit would be expected to enhance its electrostatic 
attraction for the normal positively charged a subunit, %61 
thereby allowing the formation of more Hb J-Iran than HbA 
in the heterozygote’s red cells. In the presence of a-thalasse- 
mia, the competition between 8A and 8J subunits for the 
deficient a subunits is greatly enhanced, and even more Hb 
J-Iran is formed. The same mechanism applies to the obser- 
vations noted earlier on Hb J-Baltimore. In fact, in vitro 
competition experiments using purified 8A and 8J-Baltimore 
subunits have verified that when a subunits are deficient, the 
formation of Hb J exceeds that of Hb A by a factor of 1.5.6 
In contrast, the lower levels of the positively charged variants 
imposed by a-thalassemia can be explained by decreased 
electrostatic attraction between the a subunit and the variant 
8 subunit. 

In conclusion, the interaction of a-thalassemia with the 
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negatively charged 8 globin variant Hb J-lran provides 
informative and independent support for the importance of 
electrostatic attraction in the assembly of Hb subunits.’ 
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Granulocyte /Macrophage Progenitor Cells From Peripheral Blood and Bone 
Marrow Differ in Their Response to Prostaglandin È, 


By Carol M. Richman and George D. Johnson 


Prostaglandins of the E series (PGE) inhibit proliferation of 
normal bone marrow granulocyte/macrophage progeni- 
tors (CFU-GM). Circulating CFU-GM are known to differ 
from marrow CFU-GM in many characteristics, and in the 
present study, we compared the effect of PGE, on circulat- 
ing and bone marrow progenitors in normals and in 
patients with chronic myelogenous leukemia (CML). PGE, 
caused a dose-dependent inhibition of normal marrow 
CFU-GM. Circulating CFU-GM were inhibited only at con- 
centrations of 10` mol/L or greater, and progenitor prolif- 
eration was, in fact, significantly stimulated at PGE, con- 


ROLIFERATION OF GRANULOCYTE/macro- 

phage progenitors (CFU-GM) in vitro is under the 
dual control of stimulatory glycoproteins collectively termed 
colony-stimulating activity (CSA)' and inhibitory sub- 
stances such as prostaglandins of the E series (PGE) and 
acidic isoferritins.*’ Because these substances may also 
modulate hematopoiesis in vivo,'®'* abnormal in vitro 
responses to these regulators have been sought to explain the 
pathogenesis of a variety of hematologic diseases, For exam- 
ple, insensitivity to PGE has been postulated as a mechanism 
for the excessive CFU-GM proliferation observed in chronic 
myelogenous leukemia (CML).*'*'® However, studies of 
prostaglandin regulation in myeloproliferative diseases, 
including CML, have often compared results obtained by 
using diseased circulating progenitors with results with nor- 
mal bone marrow cells.*'* In normals, peripheral blood and 
bone marrow CFU-GM differ significantly, ™™* and prior 
studies comparing normal marrow with abnormal blood 
progenitors have not fully explored these potential differ- 
ences. 


The present study was designed to compare the effects of 


PGE on circulating and marrow progenitors in normal 
individuals as well as in patients with CML. The results show 
that normal circulating CFU-GM proliferation is not 
decreased by prostaglandin E, (in physiological concentra- 
tions), but rather is significantly increased. PGE, does not 
appear to selectively increase a specific cytological colony 
subtype. Removal of adherent cells from the normal circulat- 
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centrations between 107° and 10°° mol/L. Bone marrow 
CFU-GM from patients with CML were inhibited in a 
manner similar to that of normal bone marrow. Circulating 
cells from patients with CML were, however, less sensitive 
to PGE, inhibition than CML bone marrow cells and demon- 
strated a pattern intermediate between normal circulating 
and normal marrow progenitors. These studies suggest 
that peripheral blood and bone marrow contain different 
progenitor cell populations. 

© 1987 by Grune & Stratton, inc. 


ing cell population does not abolish the stimulatory effect if a 
source of CSA is provided. Bone marrow cells from both 
normals and patients with CML showed dose-dependent 
CFU-GM inhibition by PGE,. Circulating CML cells (un- 
like normals) were not stimulated by PGE, but were less 
sensitive to PGE, inhibition than were CML marrow cells. 
These results, showing a difference in PGE, regulation 
between circulating and bone marrow CFU-GM, support the 
concept that the peripheral blood and marrow contain dif- 
ferent progenitor cell populations. In addition, circulating 
CFU-GM from patients with CML respond to PGE, in a 
manner intermediate between the response of normal circu- 
lating anc normal marrow progenitors. 


METHODS 


Normal bone marrow and peripheral blood samples were obtained 
from paid hematologically normal adult volunteers after written 
informed consent. Bone marrow and/or peripheral blood samples 
were obtained during routine clinical evaluations of 14 patients (nine 
males, five females) with Philadelphia chromosome—positive CML. 
Thirteen patients were in the stable chronic phase, and one had a 
chronic-phase blood picture (only the blood was studied) with 
evidence of early blast transformation in the bone marrow. The 
median age of the patients was 48 years (range, 26 to 72), the 
median leukocyte count at the time of study was 70 x 10°/L (range, 
14 to 136), and the median duration of diagnosis was 16 months 
(range, <i to 70). Two patients had never been treated; 12 had 
previous therapy but no treatment for at least 2 weeks before the 
study. 

Heparinized bone marrow aspirates and whole blood samples were 
separated on Ficoll-Hypaque density gradients (sp gr, 1.077). Mono- 
nuclear ceils obtained from the interface were washed, depleted of 
adherent cells in some experiments,” and plated at final concentra- 
tions of | x 10° bone marrow cells/mL or 2 to 4 x 10° peripheral 
blood cells/mL in a methylcellulose culture system using leukocyte 
conditioned medium prepared with 1% (vol/vol) phytohemagglu- 
tinin (PHA-LCM) as the source of CSA. The concentration of 
PHA-LCM used (10% of the total culture volume) provides maxi- 
mal (plateau) stimulation of colony formation in this system. In 
some experiments, giant cell tumor conditioned medium (GCT-CM) 
was used as the source of CSA. PGE, (Sigma Chemical Co, St 
Louis) dissolved in ethanol was added to cultures at final concentra- 
tions of 10°! to 10°* mol/L. Indomethacin (Sigma) at 107° mol/L 
was added to all cultures to decrease endogenous PGE production,’ 
Quadruplicate plates were incubated at 37°C in 10% CO, and high 
humidity for 14 days. Colonies (> 20 cells} representing CFU-GM 
were counted by using an invertec microscope. Results were 
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EFFECTS OF PGE, ON CFU-GM 


expressed as the percentage of control colonies: mean colonies with 
PGE, x 100/mean colonies without PGE,. Statistical comparisons 
were performed by using Student’s ¢ test or paired ¢ test. Fifty 
percent inhibitory doses (IDs) were determined by linear regression 
analysis using a Texas Instruments calculator. 

Cytological evaluation of single colonies was performed by remov- 
ing all the individual colonies from methylcellulose plates with a 
drawn-out Pasteur pipette, placing each colony on a marked portion 
of a glass slide (two to three colonies per slide), and staining with 
Wright’s stain. Each colony was classified as neutrophil, monocyte/ 
macrophage, eosinophil, or mixed (neutrophil /macrophage) and the 
result expressed as the mean percentage of each colony type 
(+ SEM). 


RESULTS 


PGE, effect on normal peripheral blood and bone marrow 
CFU-GM. A comparison of the effect of PGE, on normal 
bone marrow and peripheral blood CFU-GM is shown in Fig 
1. At prostaglandin concentrations between 107" and 10~* 
mol/L, dose-dependent inhibition of marrow CFU-GM was 
observed. Depletion of adherent bone marrow cells before the 
assay had no significant effect on PGE inhibition of bone 
marrow CFU-GM (data not shown). Peripheral blood CFU- 
GM were, in contrast, stimulated by PGE, in this concentra- 
tion range, and results differed significantly from controls at 
PGE, concentrations of 107° and 10°° mol/L (P < .02 and 
P < .05, respectively, paired ¢ test). Maximal stimulation 
was achieved at 107° mol/L PGE,; the response plateaued, 
and inhibition of circulating progenitors was observed only at 
PGE, concentrations exceeding 10~° mol/L. The differences 
between the effects of PGE, on bone marrow and peripheral 
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Fig 1. Peripheral blood (PB. n = 25, @—-@) and bone marrow 


(BM, n = 10, E-E) celis from normal individuals were cultured 
with concentrations of PGE, from 107” mol/L to 10~* mol/L using 
PHA-LCM CSA. Dose-dependent inhibition of BM CFU-GM was 
observed. The ID; determined from linear regression analysis is 
1.3 x 10°? M. PB CFU-GM were stimulated at all PGE, concentra- 
tions < 107" mol/L. Stimulation is statistically significant at 10°* 
and 10°° mol/L {P < .05 and P < .02 respectively). The difference 
between PB and BM is statistically significant at 10°", 10°°, 5 x 
10`", and 10°° mol/L PGE, (P < .001, .001, .001, .05). 
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blood colony—forming cells were statistically significant for 
concentrations of 107°, 1076, and 5 x 10°® mol/L {P < .001). 
Peripheral blood CFU-GM ID. occurred at a concentration 
of PGE, in excess of 10°° mol/L, whereas the IDs for bone 
marrow Cells is estimated to be 1.3 x 107° mol/L by linear 
regression analysis. 

To determine whether the type of CSA used to stirnulate 
CFU-GM had any effect on the action of PGE,, we com- 
pared PHA-LCM to GCT-CM by using 5 x 10°° mol/L 
PGE,. For all five normal bone marrow samples, PGE, 
caused greater inhibition of CFU-GM when GCT was used 
as a source of CSA compared with PHA-LCM {F «< .05). 
However, normal circulating progenitors were not inhibited 
by 5 x 10°° mol/L PGE, with either source of CSA. 

Effect of CSA and adherent cells on PGE, stimulation of 
circulating normal CFU-GM. To evaluate the mechanism 
of stimulation of normal circulating progenitors by PGE, 
studies were performed with and without exogenous CSA. In 
ten experiments, the mean CFU-GM /4 x 10° cells was 26 + 
4 with CSA and 20 + 6 without CSA, which suggested 
endogenous CSA production. In both CSA-stimulated 
and -unstimulated cultures, PGE, at concentrations of 107° 
and/or 10°° mol/L significantly increased colony formation 
(Fig 2). Maximum colony formation occurred at 107° mol/L 
PGE,, and the mean CFU-GM/4 x 10° cells were similar for 
cultures with and without exogenous CSA (40 + 9 and 
39 + 8 respectively). 

In ten experiments, nonadherent cells cultured with CSA 
(PHA-LCM) contained 34 + 10 CFU-GM/4 x 10° cells 
compared with | + 0 CFU-GM for nonadherent cells 
cultured without CSA (indicating depletion of endogenous 
CSA-producing cells). When nonadherent cells were plated 
with CSA and PGE,, the results were similar to those using 
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CFU-GM/4 x10" CELLS (MEAN + SEM) 


Fig 2. Normal peripheral blood mononuctear celts with 
(@---@) or without {(O--~O) exogenous CSA {n = 10) were 
cultured with PGE,. CFU-GM/4 x 10° cells were increased by PGE, 
in CSA-stimulated {P < .05 at 10 * mol/L PGE,) and -unstimulated 
cultures {P < .01 at 10°" mol/L, p < .001 at 10°° mol/L and P< 
.02 at 10°*° mol/L). 
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whole mononuclear cells without adherence depletion, ie, 
PGE, at 10°° mol/L caused significant enhancement of 
CFU-GM growth (P < .05). 

In six of nine individuals studied, the maximum colony 
concentration in the nonacherent cells plated without an 
exogenous source of CSA was less than 5 colonies/4 x 10° 
cells with or without PGE,. In one of the nine individuals, 
CFU-GM increased from 0 without PGE, to 6 with 107° 
mol/L PGE,; in a second, CFU-GM increased from 0 to 12; 
and in a third, CFU-GM rose from 2 without to 51 with 
PGE.. 

PGE, effect on circulating and bone marrow CFU-GM 
from patients with CML. In patients with CML, CFU- 
GM from both the bone marrow and peripheral blood 
exceeded control values only at the lowest PGE, concentra- 
tion (107° mol/L, Fig 3). At concentrations higher than 
107" mol/L, there was a dose-dependent inhibition for both 
circulating and bone marrow cells. Unlike normal celis, 
circulating CML cells were not stimulated by PGE,. How- 
ever, blood CFU-GM were more resistant to PGE, inhibition 
than were bone marrow progenitors (P < .05 at 10°° mol/L 
and P < Olat 5 x 10°° mol/L). For bone marrow, 
CFU-GM were 47% of control at 107° mol/L, whereas for 
circulating cells, values were still 58% of control at 5 x 107° 
mol/L. PGE inhibition curves for normal (Fig 1) and CML 
bone marrow (Fig 3) were not significantly different except 
at 10°'° mol/L PGE, where CML CFU-GM was 114% + 
6% of control whereas normal marrow CFU-GM was 97% + 
5% (P < .05). For normal and CML marrow cells, 50% 
inhibition is projected by linear regression analysis to occur 
at 1.3 and 4.1 x 10°’ mol/L respectively. 

Cytological evaluation of PGE, effects. PGE, may 
inhibit macrophage colonies specifically,**?"”* although 
some reports suggest inhibition of both granulocyte and 
macrophage colonies.’ To determine whether differences in 
the effects of PGE on circulating and bone marrow progeni- 
tors might be secondary to differences in the proportion of 
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Fig3. Peripheral blood (PB, n = 14, O---0O} and bone marrow 
(BM, n = 9, O---(C) from patients with CML were cultured with 
107" to 5 x 10°° mol/L PGE using PHA-LCM CSA. Dose- 
dependent inhibition of both PB and BM CFU-GM was observed at 
doses exceeding 10° ° mot/L. PB CFU-GM are more resistant to 
PGE, inhibition than BM CFU-GM. By linear regression analysis, 
the ID, for PB is 8.1 x 107° mol/L, and for BM it is 4.1 x 107 
mol/L. 
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macrophage colonies, we characterized the type of colonies 
in control and PGE-exposed cultures. Individual Wright- 
stained colonies (see Methods) were analyzed from six 
peripheral blood and five bone marrow samples from nor- 
mals (Table 1). There were significantly fewer macrophage 
colonies in the blood (19% + 4%) than in bone marrow 
(38% + 8%) (P < .05, paired i test). PGE,-containing 
cultures of marrow had significantly fewer macrophage 
colonies than did marrow cultures without PGE, {P < .05). 
The distribution of cytological types of circulating or bone 
marrow colonies was otherwise not significantly affected by 
the addition of PGE.. 


DISCUSSION 


Normal peripheral blood and bone marrow granulocyte/ 
macrophage progenitors differ significantly in their response 
to PGE,. The inhibition of marrow CFU-GM by PGE, 
observed in the present study is similar to that reported by 
others.?*'?'48 Peripheral blood CFU-GM were not inhibited 
by PGE, and were, unexpectedly, stimulated by concentra- 
tions in the range of 10° to 107° mol/L, an effect not 
previously reported for normal peripheral blood, PGE, aug- 
mented CFU-GM in peripheral blood cultures containing an 
exogenous source of CSA, either PHA-LCM or GCT 
medium, as well as in cultures stimulated only by endogenous 
CSA production. The stimulatory effect of PGE, on periph- 
eral blood progenitors was not significantly affected by 
depletion of adherent cells, thereby suggesting that these 
cells do not solely mediate the stimulatory effect. Nonadher- 
ent cells showed negligible spontaneous CFU-GM growth, 
which indicated adequate depletion of endogenous CSA- 
producing cells. In six of nine individuals studied, PGE, had 
no effect on nonadherent cells in the absence of exogenous 
CSA. In the other three, however, PGE, stimulated CFU- 
GM in the nonadherent cell fraction. 

Stimulatory effects of PGE on CFU-GM have been noted 
variably in studies of circulating progenitors in patients with 
myelofibrosis and myelcid metaplasia (MMM).'°”? The sub- 
population of progenitcrs in MMM that are stimulated by 
PGE may be similar to normal circulating progenitors. One 


Table 1. Effect of PGE, on Cytological Type of Circulating and 
Bona Marrow Colonies 


No PGE, With PGE, 

Circulating colony type 

Neutrophil 43 + 8* 40 +E 

Monocyte/macrophage 19+ 4 24 +5 

Mixed 2+2 4+2 

Eosinophil 36 + 10 32 + 10 
Bone marrow colony type 

Neutrophil 36 + f1 4247 

Monocyte/macrophage 38 +8 16 + 4+ 

Mixed 5+ 7 1O+2 

Eosinophil 21265 32 +7 





*Percentage of colonies of a given type (mean + SEM). Six blood 
samples and five bone marrow samples from normal individuals were 
studied. 

+The difference betweem monocyte/macrophage colonies with and 
without PGE is significant at P < .05 when using the paired t-test. 





EFFECTS OF PGE, ON CFU-GM 


might hypothesize that normal bone marrow contains pri- 
marily progenitors inhibited by PGE whereas normal blood 
contains CFU-GM stimulated by PGE and that the response 
of circulating CFU-GM to PGE would depend on the 
relative proportion of circulating marrowlike progenitors. 
Our results in CML showing effects of PGE on peripheral 
blood CFU-GM that are intermediate between normal blood 
and normal bone marrow CFU-GM support this notion 
because CML blood contains some cells that normal] y reside 
in the bone marrow. An alternative explanation is that 
circulating progenitors in these myeloproliferative diseases 
differ fundamentally from normal progenitors. 

The cytological subtype of progenitors in peripheral blood 
and bone marrow differ, and our study is an agreement with 
other reports,” ie, fewer macrophage and greater numbers of 
eosinophil progenitors in the peripheral blood as compared 
with bone marrow. This difference could account for the 
resistance of circulating CFU-GM to inhibition by PGE if 
PGE, primarily inhibits macrophage colonies,“ How- 
ever, we observed not just a lack of inhibition with peripheral 
blood but a stimulation of CFU-GM, thereby suggesting that 
the presence of fewer committed macrophage progenitors in 
the peripheral blood does not totally explain the observed 
differences. Furthermore, cytological analysis of peripheral 
blood cultures with increased colonies in the presence of 
prostaglandin showed no consistent subtype of colony that 
was enhanced, which suggested an effect on an uncommitted 
CFU-GM. 

The observation that circulating progenitors acquire some 
of the antigens present on marrow progenitors after short- 
term liquid culture with CSA has led to the suggestion that 
the blood CFU-GM are more primitive than bone marrow 
CFU-GM." It has been proposed” that the situation is 
analogous to the more primitive erythroid precursor, BF U-E, 
found predominantly in the blood, and less primitive C FU-E, 
found predominantly in the marrow.” Subpopulations of 
CFU-GM have been observed in murine bone marrow with 
varying responses to PGE. Progenitors forming large colonies 


1795 


(assumed to be more primitive) are relatively resistant to 
PGE inhibition, whereas the more prevalent marrow CFU- 
GM form smaller colonies and are several orders of magni- 
tude more sensitive to inhibition by PGE.*’ PGE in some 
reports appears to inhibit a subpopulation of CFU-GM that 
are in S phase and that express the la antigen.” Because 
normal human marrow and peripheral blood are known to 
differ in cell cycle status,” it is possible that such differences 
could account, in part, for the differences in PGE inhibition 
that we have observed. 

CML bone marrow cells were, in the present study, as 
sensitive to PGE inhibition as were normal bone marrow 
cells. This result is in contrast to some reports indicating that 
CML progenitors from blood and/or bone marrow are 
extraordinarily resistant to PGE, with CFU-GM approxi- 
mately 90% of control at PGE doses exceeding 10°° mol/ 
L.*!*'629 Although we noted that CML peripheral blood 
progenitors were more resistant to PGE than bone marrow 
progenitors, even the blood CFU-GM were more easily 
inhibited in our studies than in the studies mentioned earlier. 
Another report found, as we did, no difference between 
normal and CML marrow in the degree of prostaglandin- 
induced inhibition.” Differences in culture technique may 
provide a partial explanation for these disparate results. 

In the present study, normal peripheral blood and bone 
marrow CFU-GM differ significantly in their response to 
PGE,. Circulating progenitors of patients with CML have 
PGE, responses that are intermediate between normal blood 
and bone marrow. If circulating progenitors represent a more 
primitive cell than their bone marrow counterparts, as has 
been suggested,” further studies of normal and patho- 
logical hematopoietic regulation by using circulating CFU- 
GM may supplement studies of bone marrow-derived pro- 
genitors. 
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The Deletion in Both Common Types of Hereditary Persistence of Fetal 


Hemoglobin is Approximately 105 Kilobases 


By Francis S. Collins, Jeffery L. Cole, Wendy K. Lockwood, and Michael C. lannuzzi 


The most common forms of hereditary persistence of fetal 
hemoglobin (HPFH) involve large deletions that remove the 
adult ô and f genes but leave the paired fetal genes (“y and 
^w) intact. The size of these deletions has previously eluded 
exact definition. Using pulsed-field gel electrophoresis and 
the enzyme Sfil, which cuts only rarely in genomic DNA, 
we have constructed a large-scale restriction map of the 
8-globin cluster in normal and HPFH DNA. The deletions in 
HPFH-1, whitch occurs in American blacks, and in HPFH-2, 


EREDITARY PERSISTENCE of fetal hemoglobin 
(HPFH) is a clinically benign and genetically hetero- 
geneous condition characterized by continued expression of 
fetal hemoglobin (HbF) into adult life, with relatively bal- 
anced globin chain synthesis.’* Several years ago, Southern 
blotting studies demonstrated that HPFH could be divided 
into two categories: those in which large genomic deletions 
removing the ô and 8 genes were present (deletion HPFH) 
and those in which the 8-globin cluster appeared intact by 
Southern blotting (nondeletion HPFH).*’ In many of the 
nondeletion forms the overproduction of HbF is observed to 
be primarily y or ^y, and recent cloning studies have 
identified point mutations in the promoter of the overex- 
pressed fetal gene in most of these conditions.*"* 

In deletion HPFH, however, there is usually overproduc- 
tion of both y and ^y chains. The most common deletion 
type, denoted HPFH-1, occurs in American blacks and has a 
5’ breakpoint approximately 4 kilobases (kb) 5’ to the ô gene 
(Fig 1).*7!*!© HPFH-2, which occurs in Ghanaian blacks, 
has both its 5’ and 3’ endpoints shifted approximately 5 kb in 
the 5’ direction, but the total amount of DNA lost is within 1 
kb of being the same as in HPFH-1.*%">"® Interestingly, 
homozygotes for HPFH-1 and HPFH-2 have no abnormality 
of phenotype other than their high level of HbF, which 
suggests that no other essential genes lie within the deletion. 

Using cloned DNA from the breakpoints of these and 
other deletions, several laboratories have attempted to iden- 
tify the total amount of DNA deleted in HPFH-1 and 
HPFH-2 by genomic blotting and walking studies. The 
presence of many repeated and recombinogenic sequences, 
however, has slowed this effort. Mager et al!’ recently 
concluded from their own walking efforts and a review of all 
available maps that the deletions must be at least 85 kb. 

We have now applied the technique of pulsed-field gel 
electrophoresis (PFGE),'*”’ which allows the efficient sepa- 
ration of very large DNA molecules, to determine the actual 
size of these deletions and found them to be approximately 
105 kb. This is remarkably close in size to the large deletions 
at the 5’ end of the $-globin cluster that cause ydf- 
thalassemia, which adds further support to a hypothesis 
originally proposed by Vanin et al’® that these deletions are 
not random but are generated by the loss of a complete 
chromatin loop. 


MATERIALS AND METHODS 


Cell lines. The source of HPFH-! DNA was the cell line 
LAZ149, derived from a previously described and characterized 
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which occurs In Ghanaian blacks, are found to be approxi- 
mately 105 kilobases (kb) in length, though the endpoints 
are staggered by approximately 5 kb. The fact that two 
previously reported ‘yé8-thalassemia deletions to the 5’ 
side of the 8-globin cluster are also about 100 kb suggests 
a common mechanism, possibly involving the loss of a 
complete chromatin loop. 

© 1987 by Grune & Stratton, Inc. 


individual homozygous for the HPFH-1 deletion’ that was originally 
established by Dr Herb Lazarus and kindly provided by Dr Bernard 
Forget. HPFH-2 DNA was obtained from cell line GM2064 (avail- 
able from the Mutant Cell Repository, Camden, NJ), derived from a 
homozygote for HPFH-2.’ Another cell line from an HPFH bomo- 
zygote, LAZ342, was obtained from Dr Stuart Orkin and was shown 
to be homozygous for HPFH-2 by Southern blotting (F. Collins, and 
J. Cole, unpublished observations) and by using the predicted 
fragment sizes in Table 1 of Tuan et al.’° DNA representative of the 
normal -globin cluster was prepared from the lymphoblastoid cell 
line 3.1.0.7 

DNA preparation. DNA for use in PFGE analysis must have a 
very high molecular weight. Accordingly, we prepared DNA in 
agarose gel blocks basically as described by Smith et al and Collins 
et al.* In brief, cells were counted in a hemocytometer and then 
mixed with 2% low-melting-temperature (LMT) agarose (SeaPla- 
que, FMC Corp, Rockland, ME) and pipetted into a Lucite mold. 
The hardened blocks contained 2 x 10° to 2 x 10° cells in 80 nL and 
were then incubated for 36 hours in 500 mmol/L EDTA, 1% 
N-lauroylsarcosine, and 2 mg/mL proteinase K at 50°C to lyse the 
cells. Further incubations with 10 mmol/L Tris, pH 7.4, 1 mmol/L 
EDTA, (TE), 1 mmol/L phenylmethylsulfonylfluoride, and TE 
were carried out to purify the DNA. Digestions were carried out for 
six to eight hours at 37°C or 50°C (Sl) by placing one block or a 
fraction of a block into an Eppendorf tube containing the appropri- 
ate restriction enzyme buffer in a total volume of 300 uL. We used 
80 units of enzyme (all from New England Biolabs, Beverly, MA) 
for complete digests and 0.5 to 5 units for partial digests. 

PFGE. Most gels were run by using the orthogonal field- 
alternation gel electrophoresis (OFAGE) modification of Schwartz 
and Cantor’s original apparatus.'*"? The principle involves alterna- 
tion of two electric fields placed at approximately 90-degree angles. 
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1798 COLLINS. ET AL 
5€7 E 3IH H500 3D 
€ G7 Ar yw ëg Fig 1. Map of the human -globin cluster that 
een ee ea indicates the limits of the HPFH-1 and -2 deletions. 
HPEH |, The total size of these deletions was previously unde- 
HPFH-2 fined but known to be at least 85 kb. The probes 5'¢7, 
10 kb y, FIH, H500, and 3D, which were used for this study, 
samanan | are described in the text. 


A few gels were run on a commercially available PFGE apparatus 
(Pulsaphor, LKB Instruments, Houston). The running buffer was 
0.4 x TBE (1 x TBE is 0.089 mol/L Tris base, 0.089 mol/L boric 
acid, 0.002 mol/l. EDTA), and the gels were run at 14°C, 300 V, 
and 20 hours. Size markers were annealed A DNA ladders, as 
previously described.” After ethidium bromide staining and photog- 
raphy, the gel was exposed to one minute of 254 nm UV irradiation 
to nick the DNA and then denatured and transferred to a nylon 
membrane (GeneScreen Plus, NEN, Boston) in 0.4 N NaOH. 

Probes. The y probe was a 3.5-kb Hindli fragment containing 
the entire ^y gene.’ The 3D probe, kindly provided by Dr Bernard 
Forget, is a 1.0-kb BamHI-EcoRI fragment derived from a genomic 
clone spanning the breakpoint in HPFH-1.'° Probe 3D is located 
approximately | kb 3‘ to the end of this deletion. H500 is a 500-base 
pair (bp) Hind HI fragment from a genomic clone kindly provided by 
Dr Dixie Mager that is located within the HPFH deletions, 9 kb 
upstream of the breakpoint of the Chinese “y(*y48)°-thalassemia 
deletion.” H500 is therefore approximately 27 kb 5° to 3D and is 
derived from phage N3‘8-t as described by Mager et al.’ The YIH 
probe is a 680-bp Fokl-Bglll fragment isolated from near the 
breakpoint of the HPFH-3 deletion and is described by Henthorn et 
al.” The 5’e7 probe is a 3,264-bp EcoRI-HindHI fragment located 
16 kb 5’ to the « gene” and was supplied by Dr Oliver Smithies. AH 
probes were prepared by electrophoresis of the cut plasmids in LMT 
agarose and labeling of the desired fragment to a specific activity of 
>10° cpm/xg by using the random hexanucleotide priming tech- 
nique of Feinberg and Vogelstein.” 

Hybridization. Prehybridization and hybridization were per- 
formed according to the membrane manufacturer's (GeneScreen 
Plus) recommendations. Blots were washed to a stringency of 0.1 x 
SSC (1 x SSC is 0.15 mol/L NaCl, 0.015 mol/L sodium citrate) at 
65°C for 15 minutes and exposed against x-ray film with two 





Fig 2. PFGE of normal and 
HPFH-2 DNA from two different 
patients. (A) Ethidium bromide 
stain of gel. The lane marked A 
represents annealed à DNA (ge- 
nome size, 48.5 kb) used as a size 
marker. Complete Sfil digests of 
normal (N) and HPFH-2 (H2) 
DNAs are shown. (B) Southern 
blot using the y probe. (C) Rehy- 
bridization of the same blot with 
the 30 probe after stripping off 
the y probe. The indicated sizes 
of the bands reflect corrections 
for the amount of DNA in each 
lane {see Fig 5). The H2 lane on 
the left is cell line GM2064: on 
the right is cell line LAZ342. 





intensifying screens for one to two days. As long as the blots were not 
allowed to dry, the probes could be stripped off and the biots 
rehybridized many times. Stripping was done by placing the blot in 
0.4 N NaOH at 42°C for 30 minutes and then in 0.1 x SSC, 0.1% 
sodium dodecyl sulfate 0.2 mol/L Tris, pH 7.4, at 42°C for 30 
minutes. Completeness of stripping was always assessed by exposure 
to x-ray film. A final hybridization was done with labelled A DNA in 
most instances to define the size markers on the blot. 


RESULTS 


We performed genomic digests of lymphoblastoid cells 
from normal, homozygous HPFH-1, and two different homo- 
zygous HPFH-2 individuals by using a number of restriction 
enzymes that cut rarely in mammalian genomic DNA. These 
included Mlul, BssHU, Notl, Pyul, Sach, and Sfl, which 
are all expected to produce fragments of 10 to 1,500 kb.” 
The DNA samples were prepared and restricted in agarose 
gel blocks, and then the DNA was electrophoresed by PFGE 
using annealed A DNA ladders as a size marker (Fig 2). The 
DNA was transferred to a nylon membrane and hybridized. 
Only Sfil gave detectable bands on the blot with any of the 
8-globin probes; all other enzymes gave a signal only at the 
top of the gel lane, which indicated a very large (> 1,000 kb) 
fragment or gave no signal at all. The same blots rehybrid- 
ized with nonglobin probes gave the expected single bands in 
these lanes (data not shown), thereby indicating that the 
DNA had been properly digested and transferred. 

The results with SAl, however, were useful. This enzyme 
recognizes the sequence GGCCNNNNNGGCC and cuts 
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approximately every 250 kb in human genomic DNA. Unlike 
the other rare cutters tested, most Sfi I sites are not expected 
to be blocked by methylation because the recognition site 
does not include a CpG dinucleotide. Probing digests of 
normal and two different HPFH-2 DNAs (Fig 2) with an “y 
sequence detects a 140-kb band for the normal and a 75-kb 
band for the HPFH-2 DNAs. This blot was then stripped, 
exposed to x-ray film to confirm complete removal of the first 
probe, and rehybridized with the 3D probe shown in Fig 1, 
which is just distal to the HPFH-1 breakpoint. The HPFH-2 
DNA reveals the same 75-kb band, which is expected 
because “y and 3D are only about 10 kb apart in the HPFH 
deletion. In normal DNA, however, a 40-kb Sfil fragment is 
detected, thereby indicating that at least one Sfil site lies 
within the deletion region. 

It is possible to locate the 5S’ end of the normal fragment 
containing the “y gene exactly because there is a known Sfil 
site approximately 17 kb 5’ to the e gene for which an 
extensive 5’ flanking sequence was recently reported by Li et 
al. Using a double digest of genomic DNA with EcoRI and 
Sfil, we were able to show with a standard Southern blot that 
this Sfil site cuts to completion in genomic DNA. Further- 
more, a 675-bp Avall-Stul fragment of the 5’e7 probe, 
located just upstream of this Sfl site, hybridizes with a 
10-kb Sfil fragment (data not shown). No other Sfil sites 
exist in the sequenced portion of the 8-globin cluster.’ 

To complete the restriction map and define the size of the 
HPFH deletions, it was necessary to determine whether 
additional Sfil fragments reside within the deletion region. 
The furthest available probe 3’ to the 6 gene, denoted 3'IH 
and derived from the breakpoint of the Indian type of HPFH 
(HPFH-3), has been determined to lie approximately 55 kb 
3' to the ^y gene” and therefore would be predicted to reside 
on the same 140-kb Sfil fragment as ^y. This was confirmed 
by hybridization of a PFGE blot (data not shown). From the 
other direction, Mager et al have cloned contiguous DNA 
sequences extending 30 kb 5’ to 3D.” Restriction digests of 
this cloned DNA revealed the presence of an Sfil site 
approximately 19 kb 5’ to 3D (data not shown). A 500-bp 
HindIII fragment located 8 kb 5’ to this Sfil site was gel 
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purified; we denote this as H500. When this is used as a 
probe against normal and HPFH-2 DNA and the results 
compared with hybridization of the same blot with the y 
probe, it is clear that H500 and y are detecting the same 
140-kb Sfil fragment in normal DNA (Fig 3). That the 
fragment detected by H500 and y is the same one and not a 
coincidental comigration of bands of equivalent size is fur- 
ther demonstrated by the identity of the larger bands, which 
result from the intentional partial digest used in this blot. 
The sizes of the partial-digest bands are readily explained by 
the position of the flanking Sf sites. As expected, H500 
gives no signal from HPFH-2 DNA. 

This allows the construction of a complete Sfil map of the 
8-globin cluster and its 3’ flanking region (Fig 4). One can 
calculate the size of the HPFH-2 deletion as 140 + 40 
75 = 105 kb. The calculation of these deletion sizes is quite 
sensitive to errors in the estimation of the PFGE blot bands. 
The use of A concatemers allows interpolation of sizes to an 
accuracy of about 5 to 10 kb so long as the DNA fragments 
in the genomic digest lanes are migrating faithfully. We 
investigated the effect of the amount of DNA in the genomic 
digests on their electrophoretic mobility (Fig 5). The amount 
of DNA in a block is calculated from the number of cells 
used and the presence of 6.7 pg DNA/cell. We found that 
migration is consistent when the amount of DNA per lane is 
less than 2 to 3 wg. Above this amount, nonequilibrium 
effects in the overloaded lane result in a shift upward of the 
hybridizing band, thus leading to falsely large estimates of 
size. The size estimates shown in Fig 4 have all been 
determined by using 2 ug/lane or less of DNA. Allowing for 
a 5- to 10-kb error in the 40-kb fragment, and another 5- to 
10-kb error in the difference between the 140- and 75-kb 
fragments (the difference is what enters the calculation), we 
would estimate that the measured HPFH-2 deletion size of 
105 kb should be accurate to within approximately 10 to 20 
kb. 

Previous Southern blotting comparisons of the deletion 
endpoints in HPFH-1 and HPFH-2 have demonstrated that 
the total amount of deleted DNA is very similar,°’'*"* with 
the HPFH-1! deletion being about | kb larger. Partial Sfil 


Fig 3. Partial Sfil digests of normal (N) and HPFH- 
2 (H2) DNA probed with y and then with the H500 
probe that lies within the HPFH deletion. H500 and Y 
can be seen to detect the same Sfil fragment in 
normal DNA, as evidenced by identity of the complete 
and partial digest bands (indicated by dots on the 
figure). The HPFH-2 DNA is from cell line LAZ342. The 
partial digest fragments in normal DNA represent 
approximately 150, 180, and 190 kb. The 140-kb 
partial digest band in HPFH-2 DNA indicates that the 
next Sfil fragment to the 3’ side must be approxi- 
mately 140 — 75 = 65 kb. 
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Fig4. Map of the -globin cluster. The vertical arrows mark the location of S71 sites. The sizes of Sfil fragments and genomic deletions 


are given in kilobases. Note the similarity in size of the five deletions. 


digests of HPFH-1 and HPFH-2 DNA were separated by 
OFAGE, blotted, and probed with the y and 3D probes (data 
not shown). The fragments were indistinguishable, as 
expected because the 1-kb difference would not be resolved 
with this approach. 











Fig 5. The effect of the amount of DNA per lane on the sizing 
of restriction fragments by OFAGE. Partial Sfil digests of increas- 
ing amounts of normal DNA (1 to 16 ug, as indicated above the 
lanes and calculated from the number of cells embedded in the 
block) were electrophoresed in an OFAGE apparatus. Southern 
blotting and probing with the 3D probe shows that the size of 
fragments tends to be overestimated if more than 2 to 3 ug DNA is 
used. (The position of annealed À DNA markers, genome size 48.5 
kb, is indicated by bands drawn on the photograph.) The pattern of 
Sfil partial-digest bands is entirely consistent with the map in Fig 
4, which would predict bands of 40, 105, 180, and 245 kb. 


DISCUSSION 


The recent introduction of PFGE combined with enzymes 
that cut only rarely in genomic DNA allows the character- 
ization cf large regions that previously were relatively inac- 
cessible to molecular biologic analysis.“ This technique 
provides a useful bridge between standard molecular genetic 
approaches (which are difficult to extend to sizes greater 
than 50 <b) and cytogenetic analysis (which does not provide 
resoluticn below about 2,000 kb). The PFGE biotting 
approach has recently been applied successfully to the region 
of the Duchenne muscular dystrophy gene” and to the 
human major histocompatibility complex.” Here we have 
shown the application of this technology to the human 
8-globin complex. An Sfil restriction map of the 8-globin 
complex and its 3’ flanking region has been constructed and 
used to determine the size of the HPFH-1 and HPFH-2 
deletions without the need for time-consuming and difficult 
chromosome walking experiments. The map constructed 
here should be quite useful for analyzing other deletions. 

The experiments reported here demonstrate that the dele- 
tions in JPFH-1 and HPFH-2 are approximately 105 kb. A 
third deletion, Chinese °yi{*é8)°-thalassemia, has previ- 
ously been shown to involve the loss of a similar length of 
DNA as HPFH-1 (about 6 kb less) but with the endpoints 
shifted relative to the HPFH deletions (Fig 4).'°'’ Thus we 
can conclude that the Chinese deletion is approximately 100 
kb in length. In the S’ direction, there are two other 
previously described large deletions for which the endpoints 
have been mapped, both of which give rise to yé$-thalasse- 
mia. yé-Thalassemia | was described by Van der Ploeg et 
al’? and has its 3’ breakpoint 2.5 kb 5‘ to the 8-globin gene, 
and +y68-thalassemia 2 was subsequently shown by Orkin et 
al” to have its 3° breakpoint located within the 8-globin gene. 
By cloning DNA located at the 5’ breakpoints of these forms 
of y68-taalassemia, Vanin et al'® were able to demonstrate 
that bot; of these mutations were simple deletions and that 
the total amount of deleted DNA was very similar. The 
absolute size of the +66-thalassemia deletions was subse- 
quently determined by Taramelli et al’? who performed a 
cosmid chromosomal walk crossing the entire region of these 
two deletions and demonstrated that they were 99.4 and 95.9 
kb respectively. All five of these deletions, therefore, have 
removed 100 + 5 kb genomic DNA, as shown in Fig 4. 


DELETION HPFH 


Vanin et al, noting that the yé6-thalassemia deletions 
were of similar but at that time unknown size and that the 
HPFH deletions were also of similar but unknown size, have 
suggested a mechanism involving the loss of a complete 
chromosomal loop during DNA replication. What we have 
shown in this work is that the 5’ and 3’ deletions are all of 
approximately the same size, namely, about 100 kb. The 
model that we propose to explain this phenomenon, which is 
similar to that previously proposed, is built upon the follow- 
ing observations: (a) all of these deletions join nonhomolo- 
gous DNA sequences,’® which mitigates against a simple 
unequal crossing-over mechanism; (6) an accumulating body 
of evidence suggests that DNA is anchored to the nuclear 
matrix in vivo and is arranged in loops of length 30 to 130 
kb?®”; (c) a simple loss of a chromosomal loop between fixed 
attachment points would not account for several staggered 


Fig 6. Postulated mechanism for 
generation of this series of -globin 
deletions. M, and M, are two adjacent 
matrix attachment points. DNA replica- 
tion occurs in a bidirectional fashion 
from these points, which leads to reel- 
ing in (heavy arrows) of DNA. Breaks at 
analogous positions on M, and M, fol- 
towed by rejoining would then lead to 
deletions corresponding to the size of 
the original loop. Thus, in the middle 
panei, breakage at arrows marked ~~~ 
would lead to Chinese *y(4~88)*-thalas- 
semia, and In the lower panel, arrows 
with anaa will lead to yé6-thalassemia 
1 and those with 222 , to HPFH-1. 
HPFH-2 and *yéf-thalassemia 2 can be 
accounted for by the same model. 
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deletions unless DNA is capable of reeling through the 
anchorage points; (d) this reeling phenomenon may well 
occur during DNA replication because evidence suggests 
that DNA replication and topoisomerase activity is concen- 
trated in the matrix”; and (e) DNA replication is bidirec- 
tional in prokaryotes and is probably so in eukaryotes.” 
In Fig 6 a possible mechanism for the generation of these 
deletions is depicted. Two matrix attachment points, M, and 
M,, are postulated to be located physically close together and 
generate a loop of 100 kb containing the expressed genes of 
the 8-globin cluster. During DNA replication, DNA is reeled 
into these attachment points from both directions, and 
daughter strands are reeled out. So long as replication 
proceeds at the same rate at M, and M,, a faulty connection 
of the M, strand to the M, strand (with breaks occurring at 
M,A and M,A or M,B and M,B, as marked by arrows in the 
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figure) will result in the deletion of 100 kb. Examples are 
shown in Fig 6. Smaller or larger (up to 200 kb) deletions of 
varying size would be generated if breakage and rejoining 
occurred between the A and B attachment points at M, and 
M. In fact, several smaller deletions in the -globin cluster 
have been described, and at least one deletion has been 
reported that removes the entire cluster.’ The model 
accounts for these but alse predicts the observed series of 
staggered deletions of approximately 100 kb. Note that M, 
and M, must be located approximately as drawn in Fig 6 if 
this loop alone is to account for both the 5’ yé8-thalassemia 
and the 3’ HPFH mutations. If adjacent loops are also of 
100-kb size, however, the matrix attachment points could be 
located anywhere in this region. 

If this model is correct, one would expect to observe 
similar phenomena in deletions at other loci, though the size 
of the deletions would be expected to vary from locus to locus 
according to the location of nuclear matrix attachment 
points. Interestingly, Nicholls et al have recently performed 
a detailed analysis of deletions in the human a-globin locus,” 
and a series of staggered deletions involving the loss of 20 to 
30 kb has been identified. 

An unexpected finding of this study was the inability to 
detect bands of measurable (<1,000 kb) size with a wide 
variety of restriction enzymes that ordinarily generate frag- 
ments of 100 to 1,000 kb in mammalian genomic DNA. All 
of the enzymes tested, except Sfil, have recognition sites 
containing at least one CG dinucleotide, and current evi- 
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dence suggests that cutting by these enzymes is blocked by 
methylation of the cytosines.* The ability to generate 
measurable restriction fragments with these enzymes in 
other parts of the genome is felt to be attributable at least in 
part to the presence of so-called Hpall tiny fragment islands, 
which are highly GC rich sequences often found in the S’ 
flanking region of housekeeping genes and usually unmethy- 
lated in this setting.** The fact that none of these methyla- 
tion-sensitive enzymes would cut within 1,000 kb of the 
8-globin cluster suggests that the domain of DNA methyla- 
tion around this region is very wide, at least in lymphoblas- 
toid cells. In fact, there are M/ul and BssHII sites in 
sequenced DNA of the §-globin cluster,’*° and we have 
shown that in lymphoblastoic cells these sites do not cut at all 
in Southern blotting experiments (F. Collins and J. Cole, 
unpublished data). It would not be surprising if there are 
other regions of the human genome that are relatively 
deficient in restrictable methylation-sensitive sites, and this 
fact will have important consequences for general strategies 
to construct a large-scale restriction map of the genome.” 
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Unique Interactions of Asialo von Willebrand Factor With Platelets in 
Platelet-Type von Willebrand Disease 


By Jonathan L. Miller, Zaverio M. Ruggeri, and Vicki A. Lyle 


The present studies demonstrate that platelets from 
patients with platelet-type von Willebrand disease show 
specific and saturable binding of asialo von Willebrand 
factor (AS-vWF) under conditions where such binding is 
not observed with normal platelets. Although specific 
binding of '*!1-AS-vWF to formalin-fixed normal platelets 
could not be demonstrated. specific binding to fixed patient 
platelets was seen with an apparent K, of 1.3 ug/ml and 
specific maximally bound ligand of 0.40 ug/10° platelets. 
Preincubation of patient platelets with the antiglycoprotein 
ib (anti-GPib) monoclonal antibody AS-2 reduced total 
binding close to the level of computer-estimated nonspe- 
cific binding. In contrast, binding was not reduced by 
preincubation with anti-GPlib/Illa monoclonal antibody or 
with 5 mmoi/L EDTA. Under stirring conditions, the bind- 
ing of AS-vWF to fixed patient platelets was accompanied 


ON WILLEBRAND FACTOR (vWF) is a protein 
that plays a major role in platelet adhesive interac- 
tions. In an in vitro environment, platelets are agglutinated 
by vWF in the presence of the antibiotic ristocetin. This 
agglutination is dependent upon vWF binding to the plate- 
lets! at the platelet glycoprotein Ib (GPIb) receptor.’ The 
mechanism by which vWF may bind in vivo to GPIb, in an 
environment lacking in ristocetin, is still unknown. After 
stimulation of platelets by thrombin,’ adenosine diphos- 
phate‘ and other agonists,” VWF may additionally be demon- 
strated to bind at the GPHb/Ha receptor.*” 

In contrast to native vWF, desialylated or asialo vWF 
(AS-vWF) has been shown capable of inducing platelet 
aggregation in the absence of ristocetin.*” Aggregation was 
associated with the binding of AS-vWF to platelets and 
required the presence of free divalent cations. More recently, 
De Marco et al” and Gralnick et al'' have used monoclonal 
antibodies to demonstrate that AS-vWE initially binds at the 
GPIb locus in normal individuals. After this interaction, 
there is exposure of the GPIIb/IIla fibrinogen receptor. 
AS-vWF additionally appears capable of binding to the 
GPIIb/ Hia receptor complex. 

Patients with platelet-type von Willebrand disease exhibit 
an abnormality of vWF binding. Patient platelets bind vWF 
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by a strong agglutination response. AS-vWF-induced 
agglutination was similarly observed in patient but not 
normal platelet-rich plasma (PRP) in the presence of 5 
mmol/L EDTA. In the absence of EDTA, AS-vWF produced 
a full aggregation response in patient PRP at concentra- 
tions as low as 0.1 g/ml ir contrast to the 2 to 20 ug/mLbL 
required by normal PRP. Both thromboxane B, formation 
and adenosine triphosphate secretion showed an AS-vWF 
concentration dependence paralleling the aggregation 
responses. These studies show that a major difference in 
the platelets from patients with platelet-type von Wille- 
brand disease is the presence of an exposed, high-affinity 
binding site associated with GPib that recognizes AS- 
vWF. 

e 1987 by Grune & Stratton. inc. 


in the presence of significantly lower concentrations of 
ristocetin than are required by normal platelets.'*'* Addi- 
tionally, specific and saturable binding of native vWF by 
patient platelets has been demonstrated in the absence of 
ristocetin or any other platelet agonist, and native vWF 
induces aggregation of patient platelets.” In view of the fact 
that desialylation changes the characteristics of vWF bind- 
ing to platelets, we have undertaken the present studies to 
explore the interactions of AS-vWF with the abnormal 
platelets from patients with platelet-type von Willebrand 
disease. 


METHODS 

Purification and desialylation of vWF. Native human vWF was 
purified from human cryoprecipitate (provided by the Greater 
Syracuse Chapter of the American National Red Cross) as previ- 
ously described. This vWF retained normal multimeric composi- 
tion'® and ristocetin cofactor aciivity.’’ The purified vWF in phos- 
phate-buffered saline, pH 7.3, was then digested with proteinase- 
free neuraminidase from Vibrio cholerae (Calbiochem, La Jolla, 
CA) as described by De Marco et al” al a ratio of 0.07 units 
enzyme/mg vWF. After a four-hour digestion, passage over a 
Sepharose 4B-CL column and subsequent dialysis against 0.02 
mol/L Tris, 0.15 N NaCl, pH 7.3, the sialic acid content of the 
digested protein as well as of natwe vWF was assayed by the method 
of Warren.” Desialylated vWF 10 be used in ligand binding studies 
was labeled with I by the method of Fraker and Speck.” 

Blood processing and platelet function studies. For studies in 
platelet-rich plasma (PRP), normal or patient blood was drawn into 
1/10 vol of 3.8% sodium citrate and the PRP prepared by centrifu- 
gation at $00 g for 75 seconds at room temperature (22° to 25°C} as 
previously described." Unless otherwise specified, for studies of 
formalin-fixed platelets, platelets were prepared from acid-citrate- 
dextrose-anticoagulated blood by the method of Macfarlane et al” 
with the modification that the platelets were incubated for two hours 
at room temperature with a fina’ concentration of 1.4% formalin in 
the absence of sodium azide. After formalin fixation, the platelets 
were resuspended in imidazole-buffered saline, pH 7.3, containing 
no divalent cations. Patient and normal platelets were alternatively 
processed and formalin fixed for 48 hours exactly as described by 
Takahashi and Shibata” for a smaller number of experiments. For 
platelet function studies the platelet count was adjusted to 200,000/ 
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uL and the platelets stirred at 1,200 rpm, 37°C, in a Chronolog 
(Havertown, PA) lumiaggregometer. Platelet-poor plasma (PPP) 
was used as a blank in the lumiaggregometer. For quantitative 
assessment of the extent of aggregation, percent aggregation was 
defined as maximal increase in light transmittance x 100 / (light 
transmittanceppp ~ light transmittancepep). For studies of platelet 
dense granule release in PRP, luciferin-luciferase (Sigma Chemical 
Co, St Louis, MO) was added at a final concentration of 4 mg/mL to 
monitor the release of adenosine triphosphate (ATP)?! In some 
experiments EDTA was added at a final concentration of 5 mmol fL 
before the addition of platelet agonist. At the end of the aggregation 
run, the cuvette was removed from the lumiaggregometer and 
thromboxane production determined as previously described.” 

Monoclonal antibodies. Monoclonal antibodies AP-| {anti- 
GPIb) and AP-2 (anti-GPIIb/Illa) were a kind gift of Dr Thomas 
Kunicki of the Blood Center of Southeastern Wisconsin, Milwaukee. 
Monoclonal antibody AS-2, produced in our laboratory, is directed 
against the glycocalicin portion of GPIb (J.L. Miller and K.O. 
Hustad, unpublished observations). Antibodies were purified from 
ascitic fluid by precipitation with ammonium sulfate followed by 
affinity purification on Affi-Gel Protein A (MAPS II Kit, Bio-Rad 
Laboratories, Richmond, CA). 

Binding studies. For binding assays, 25 uL of varying dilutions 
of 'I-AS-vWF was added to 100 ul of a 108 platelets /mL 
suspension of formalin-fixed platelets in imidazole-buffered saline, 
pH 7.3. After a 30-minute room temperature incubation under 
nonstirring conditions, the platelets were centrifuged through 20% 
sucrose containing 2% bovine serum albumin (BSA) as previously 
described'* and the platelet-associated radioactivity counted. Analy- 
sis of binding constants and Scatchard analysis of binding data were 
performed with the LIGAND (Scafit) computer program,” FOR- 
TRAN version 2.3.10 for the IBM PC. 


RESULTS 


Neuraminidase digestion resulted in the removal of over 
90% of the sialic acid content of native vWF (10 nmol sialic 
acid/mg AS-vWF as compared with 114 nmol/mg native 
protein). Desialylation did not alter the multimeric composi- 
tion of the vWF, nor were changes in multimeric pattern seen 
after iodination (Fig 1). Ristocetin cofactor activity of 
AS-vWF (119 U/mg) assayed as long as 5 weeks after 
desialylation did not differ significantly from that of the 
native vWF from which it had been produced (117 U/mg). 
Ristocetin cofactor assay of 'I-AS-vWF revealed no loss of 
activity with respect to the unlabeled protein by | week after 


Fig 1. Sodium dodecyl sul- 
fate agarose gel multimeric 
analysis of AS-vWF {B} and 
781AS-vWF (C) prepared, as 
described in the text, from the 
purified native vWF (A). The 
point of application is at the 
top, and the anode is at the 
bottom. A direct autoradio- 
gram of the '*|-AS-vWE run in 
lane C showed a similar mul- 
timeric pattern {data not 
shown}. 
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iodination, over which period of time the binding studies with 
this ligand were performed. 

When AS-vWF was added to the PRP from patients with 
platelet-type von Willebrand disease, a full aggregation 
response was seen at AS-vWF concentrations as low as 0.1 
ng/mL (Fig 2). Increasing AS-vWF concentrations resulted 
in a more rapid attainment of this response. In contrast, with 
PRP from normal volunteers, an AS-v WF concentration of 2 
to 20 pg/mL was required to achieve a full extent of 
aggregation. AS-v WF stimulation of thromboxane B, forma- 
tion and of ATP secretion from platelet dense granules 
showed a concentration dependence very similar to that of 
the aggregation response both in patients and in normals (Fig 
3). 

The addition of 5 mmol/L. EDTA to the PRP before the 
addition of AS-vWF fully blocked aggregation, thrombox- 
ane B, production, and ATP secretion with normal platelets. 
With patient platelets, in contrast, an initial change in hight 
transmittance quite comparable to that observed in the 
absence of EDTA was seen after the addition of 2 pg/mL 
AS-vWF (Fig 2}. This change in light transmittance in fact 
represented an agglutination of platelets rather than true 
aggregation, as evidenced by the lack of associated throm- 
boxane formation or ATP secretion in the presence of the 
divalent cation chelator (Fig 3). At a lower concentration of 
AS-vWF (0.1 g/mL) just sufficient to produce a full extent 
(but low initial rate) of aggregation in this patient, the prior 
addition of EDTA resulted in only a very marginal degree of 
agglutination (Fig 2). 

After formalin fixation, platelet-type von Willebrand dis- 
ease platelets suspended in medium containing vWF retained 
their abnormally increased sensitivity to low concentrations 
of ristocetin (Fig 4). As we have previously observed in the 
case of washed patient platelets suspended in modified 
Tyrode’s buffer,’* purified vWF added in the absence of 
ristocetin was incapable of agglutinating the fixed platelets. 
In the case of washed platelets, the addition of citrated PPP 
from a pool of normal donors or from the patients themselves 
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Fig 3. Platelet aggregation, ATP secretion, and thromboxane 
B, production in citrated PRP as a function of AS-vWF concentra- 
tion in the absence (open symbols) or presence (solid symbols} of 5 
mmol/L EDTA added before the AS-vWF. After completion of the 
lumiaggregation run, the cuvette was removed and thromboxane 
production subsequently determined. 


was capable of restoring responsiveness to vWF alone.” In 
contrast, the addition of an equal volume of PPP to a 
suspension of fixed patient or norma! platelets produced no 
agglutination in the absence of ristocetin. The subsequent 
addition of either cryoprecipitate or purified native VWF (1 
to 4 U/mL ristocetin cofactor activity) also failed to produce 
an agglutination response. Identical results were obtained 
when platelets were formalin fixed by the method used by 
Takahashi and Shibata.” Thus, after formalin fixation, the 
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Fig 4. Agglutination of formalin-fixed patient platelets in the 
presence of native vWF {1.5 U/mt ristocetin cofactor, added as 
cryoprecipitate before the beginning of trace) and varying concen- 
trations of ristocetin. Ristocetin additions are marked by an 
upward deflection of traces. The final concentration of ristocetin 
(mg/mL) is indicated at end of each trace. (A, C) Platelets from a 
patient with platelet-type von Willebrand disease. iB, D) Platelets 
from a normal control. 


platelets of our patients with platelet-type von Willebrand 
disease appear to have lost the ability to be agglutinated by 
vWF in the absence of added ristocetin. They have, however, 
retained their increased responsiveness to quite low concen- 
trations of ristocetin in comparison with fixed platelets 
obtained from normal donors. 

in contrast to native vWF, the desialylated vWF produced 
a strong, concentration-dependent agglutination of the for- 
malin-fixed patient platelets in the absence of added ristoce- 
tin. Normal platelets identically treated showed no aggluti- 
nation response (Fig 5). Agglutination of the patient 
platelets was fully inhibited if the anti-GPIb antibodies AP-1 
or AS-2 were added to the platelet suspension (25 to 40 
pg/mL, final concentration) before the AS-vWF. Neither 
the anti-GPIIb/IIla antibody AP-2 (40 uwg/mL) nor the 
presence of EDTA (5 mol/L) inhibited this agglutination. 

To distinguish whether the agglutination induced in 
patient platelets by AS-vWF was attributable to increased 
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Fig5. Agglutination of formalin-fixed platelets as a function of 
AS-vWF concentration. 
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AS-vWF binding or, instead, to a platelet abnormality 
subsequent to the initial binding step, we studied the binding 
of '*I-AS-vWF to fixed platelets. Binding was performed at 
room temperature under nonstirring conditions. Analysis of 
the binding of '*I~AS-vWF to patient platelets in the 
absence of any inhibitor (Fig 6, top panel, buffer condition) 
by the LIGAND” nonlinear curve fitting and Scatchard 
analysis program (Fig 7) produced estimates of an apparent 
dissociation constant of 1.3 ug/mL and specific maximally 
bound ligand of 0.40 ug/10° platelets. There was a relatively 
low residual variance (mean square) of 60 for this fit. The 
0.8% nonspecific binding (0.26 ug/10ë platelets at a 25- 
ug/mL ligand concentration) estimated by the program for 
the buffer condition was quite close to the actual binding 
observed when the platelets were preincubated with the 
anti-GPIb monoclonal antibody AS-2 (Fig 6, top panel). In 
contrast, neither the anti-GPIIb/IIla monoclonal antibody 
AP-2 (Fig 6, top panel) nor the presence of 5 mmol IL EDTA 
(data not shown) produced any inhibition of binding, When 
fixed platelets from normal individuals were used in place of 
patient platelets in these studies (Fig 6, bottom panel, buffer 
condition), a specific binding component could not be identi- 
fied by computer analysis. Moreover, no significant differ- 
ence in binding to normal platelets was seen in the presence 
of AS-2 or AP-2, thus suggesting that the observed binding 
was in fact nonspecific in nature. 


ASialo vWF Bound 
(ug per 10° platelets} 


Fig6. Binding of *“!-AS-vWF to formalin-fixed plate- 
lets. Platelet suspensions were brought to a final concen- 
tration of 30 ug/ml antibody by adding to 100 uL of a 10° 
platelets/mL suspension of formalin-fixed (A) patient 
or (B) normal platelets 30 ul AS-2 (anti-GPIb), 30 uL 
AP-2 (anti-GPllb/Ila), or 30 uL buffer. After ten minutes 
at room temperature, 25 ul of varying concentrations of 
"5-AS-vWF was added to bring AS-vWF to the final 
concentrations indicated. After a further 30-minute incu- 
bation at room temperature under nonstirring conditions, 
the platelets were then centrifuged through a layer of 
20% sucrose containing 2% BSA and the platelet- 
associated radioactivity counted. 


Asialo vWF Bound 
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ASialo vWF Bound 
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Fig 7. Scatchard plot of the same experiment for the buffer 
condition of patient platelets shown in Fig 6. Bound/free v bound 
(ug/10° platelets) represents the specific binding and is based on 
an estimate of 0.8% nonspecific binding by the LIGAND™ computer 
program. Computer estimates of specific maximally bound ligand 
and of the dissociation constant for binding were 0.40 ag/10° 
platelets and 1.3 ug/mL, respectively, with a residual variance 
(mean square) of 60 for the fit. 
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When the binding of '*I-AS-vWF to patient platelets was 
measured in the presence of >30-fold (wt/wt) excess of 
native vWF, the total amount of '?I-AS-vWF bound was 
decreased by 20% to 25% (Table 1). This inhibition repre- 
sented only approximately one third that achievable by the 
presence of anti-GPIb monoclonal antibody. Ristocetin 
greatly enhanced '”I-AS-vWF binding to the patient plate- 
lets (Table 1). This enhancement was prevented if native 
vWF was present in the incubation mixture at the time of 
ristocetin addition. 


DISCUSSION 


The present studies have established that platelets from 
patients with platelet-type von Willebrand disease show 
specific and saturable binding of AS-vWF under conditions 
where such binding is not observed with normal platelets. 
Thus, binding of AS-vWF to platelets in the absence of 
ristocetin is demonstrable after formalin fixation of patient 
platelets, but not to formalin-fixed platelets from normal 
subjects. This binding is blocked by monoclonal antibody 
directed against platelet GPIb but not by antibody against 
GPJIb/Hla or by the divalent cation chelator EDTA. This 
interaction now defines a third major ligand-binding abnor- 
mality of these platelets, following the prior demonstration of 
(a) enhanced ristocetin sensitivity for interaction of native 
vWF and (b) the binding of native VWF to metabolically 
active platelet-type von Willebrand disease platelets in the 
absence of any stimulating agent.'™ The present findings 
provide further evidence for an abnormality of the GPIb 
receptor complex in platelet-type von Willebrand disease. 

The binding of AS-vWF to formalin-fixed patient plate- 
lets resulted in the agglutination of these platelets. Aggluti- 
nation could also be demonstrated when AS-vWF was added 
to fresh patient PRP in the presence of 5 mmol/L EDTA. In 
contrast, as previously reported by other workers,®’ no 
agglutination of normal PRP could be demonstrated in the 
presence of EDTA. Under conditions where the platelets 
were metabolically active (PRP without added EDTA), 
thromboxane formation and dense granule secretion by 
patient platelets was observed at AS-vWF concentrations at 
least an order of magnitude lower than that required for 
normal platelets. 

De Marco et al, and Gralnick et al'' have previously 
shown that in normal citrated PRP AS-vWF binds initially 
to GPIb and subsequently to the exposed GPIIb/IIla recep- 
tor. The present studies indicate that in platelet-type von 
Willebrand disease platelets AS-vWF can bind to GPIb 
receptor sites even in the absence of free divalent cations. It is 
presumably the increased reactivity of these binding sites for 
AS-vWF in the patient platelets that leads in the presence of 
calcium ions to increased platelet activation, with subsequent 
thromboxane formation, dense granule secretion, and true 
aggregation. As in the case of normal platelets, the precise 
mechanism(s) by which binding at the GPIb site leads to 
platelet activation and to exposure of the GPHb/IHa recep- 
tor remains unknown. 

The ability of formalin-fixed patient platelets to bind 
AS-vWF has permitted the study of AS-vWF binding 
restricted to the platelet GPIb receptor without the complex- 
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Table 1. AS-vWF Binding to Platelets From Patients With 
Platelet-Type von Willebrand Disease 


AAEE AMENA ARO IN TN hehe aa AWE hile bth AAAA EMH ARATE HRT HHL HAC ROAR AY 


45) AS-vWE Bound 





Condition (Percentage of Control} 
Buffer control 100 
Anti-GPlib antibody AP-1 (40 ug/ml) 35.0 + 6.1 (6) 
Native vWF (44 ua/mL) 76.7 + 4.1 (6) 


Ristocetin (1 mg/mL) 585.2 + 113.9 6) 
Native vWF (44 ug/ml} + ristocetin 


(1 mg/mL} 


ett irate MENEHA Ab tet it etn tort nri neaeh TSA Heh rer ror 


A 25-uL aliquot of '*t-labeled AS-vWF was added to 100 ul. of a 10° 
platelets/mL suspension of formalin-fixed patient platelets in imidazole- 
buffered saline to bring the final concentration of AS-vWF to 1.2 pg/mL. 
After 30 minutes’ incubation at room temperature under nonstirring 
conditions, the platelets were centrifuged through a layer of 20% sucrose 
containing 2% BSA and the platelet-associated radioactivity counted. 
Before addition of the ‘I-labeled AS-vWF, native vWF, ristocetin, the 
combination of both, anti-GPib monoclonal antibody AP-1, or an equal 
volume of buffer was incubated with the platelet suspension for ten 
minutes at room temperature under nonstirring conditions. The total 
51 _ AS-vWF bound under each experimental condition is expressed as a 
percentage of the mean total binding for the buffer control, Values shown 
are means + SEM for (n) experiments. 


93.7 + 12.9 (6) 


ity of subsequent GPIIb/IIIa exposure that is seen in fresh 
platelets. Indeed, preincubation of the fixed patient platelets 
with the anti-GPIib/Illa antibody AP-2 (Fig 6) showed no 
diminution of the binding by AS-vWF. Even at concentra- 
tions as low as 0.4 to 1.0 ug/mL AS-vWF, significant 
binding to patient platelets was detected. This concentration 
range is quite similar to that at which a significant degree of 
AS-vWF-induced agglutination of patient platelets is 
detected. Thus, with AS-vWF concentrations for which 
approximately 0.1 to 0.5 ug of ligand are bound per 10° 
platelets, a strong agglutination response results. This is also 
very similar to the amount of AS-vWF that has been found 
necessary to bind to fresh normal platelets for an aggregation 
response to be observed.” It seems likely, therefore, that the 
major difference in the platelets from platelet-type von 
Willebrand disease patients is the increased affinity or more 
accessible binding of AS-vWF to the GPlIb site. Once 
AS-vWF has bound to the required number of receptors per 
platelet, agglutination may ensue. Because fixed normal 
platelets are unable to bind comparable numbers of AS-v WF 
molecules, such agglutination would not be observed. 

In the present studies native VWF appeared unable to 
produce an agglutination reaction in patient platelets in the 
absence of ristocetin. This finding is in contrast to the report 
by Takahashi and Shibata” where such an agglutination 
response was reported. It may well be that, although the 
patients with platelet-type von Willebrand disease in the 
present studies and those reported in the Japanese studies 
show major phenotypic similarities, the precise abnormalities 
at the vWF receptor region are not identical. Thus, although 
an abnormal band pattern of GPIb has been reported in the 
Japanese patients,” no GPIb structural abnormalities have 
yet been found in studies of this disorder by ourselves or 
others." The qualitatively abnormal and high-affinity 
association of AS-vWF with the platelets from our patients 
with platelet-type von Willebrand disease may prove a useful 





ASIALO VWF INTERACTIONS IN PLATELET-TYPE 


tool for the identification of the underlying structural abnor- 
mality in these platelets. 
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Inhibition of K Transport by Divalent Cations in Sickle Erythrocytes 


By Carlo Brugnara and Daniel C. Tosteson 


We report experiments on the effect of intracellular diva- 
lent cations (Mg, Ca, Mn} on K transport and cell volume in 
erythrocytes from patients with homozygous hemoglobin S 
disease (SS celis). When CO-treated SS erythrocytes are 
exposed to the ionophore A23187, removal of cell Mg 
markedly stimulates K efflux, whereas increasing cell Mg 
inhibits K efflux. The K, for the inhibition by internal free 
Mg is 0.38 + 0.10 mmol/L, a value comparable to the 
concentration of free Mg in normal cells (0.3 to 0.4 mmol/ 
L). When swollen SS cells with increased Mg content were 


OLY MERIZATION of hemoglobin S and cell sickling 
are extremely dependent on oxygen tension and hemo- 
globin concentration.' At any given oxygen tension, hemoglo- 
bin S concentration is the most important factor in deter- 
mining the rate of polymer formation and morphological cell 
sickling. Because hemoglobin concentration is determined by 
the water and cation content of the RBC, it is important to 
study how water content and cell volume are regulated in 
sickle cell anemia. Cell volume is determined in RBCs by 
transport mechanisms moving cations and anions across the 
RBC membrane. We recently described a K transport sys- 
tem that is very active in oxygenated SS and CC cells”’ and is 
also present in the least dense (reticulocyte-rich) fraction of 
normal AA cells.*° K movement through this system allows 
SS cells to shrink when they are isomotically swollen in vitro 
or when they are exposed to acid pH. This K movement is not 
sensitive to inhibitors of the Na-K pump (ouabain, 0.1 
mmol/L) and/or Na-K-Cl cotransport (bumetanide, 0.01 
mmol/L) systems, and differs from the Ca-activated K 
permeability first described by Gardos." This pathway shares 
many properties with the pathway for K transport described 
by Lauf in sheep RBCs (SRBCs) (reviewed in ref. 7). A 
similar chloride-dependent pathway has also been described 
in “young” human RBCs by Hall and Ellory.* 

Because cell swelling is a logical strategy to ameliorate the 
clinical course of SS disease,’ and because this K transport 
pathway induces a sizable cation and water loss, thus coun- 
teracting cell swelling, and may also play a role in the 
formation of dense dehydrated SS cells, a detailed knowledge 
of its properties could be helpful in designing future pharma- 
cologic interventions to induce cell swelling in SS cells. 

The system for K transport described in low K (LK) 


From the Department of Physiology and Biophysics, Harvard 
Medical School, Boston. 

Submitted May 5, 1987, accepted August 4, 1987. 

Supported by Grant No. HL 36076 from the National Institutes 
of Health, Bethesda, MD. 

Address correspondence and reprint requests to Carlo Brugnara, 
MD, Department of Physiology and Biophysics, Harvard Medical 
School, 25 Shattuck St, D2-155, Boston, MA 02115. 

The publication costs of this article were defrayed in part by page 
charge payment. This article must therefore be hereby marked 
“advertisement” in accordance with 18 U.S.C. $1734 solely to 
indicate this fact. 

© 1987 by Grune & Stratton, Inc. 

0006-497 1/87 {7006-00 1733.00/0 


1810 


incubated in plasma-like medium, they shrunk much less 
than swollen SS cellis with normal Mg content. Thus, 
elevation of cell Mg produces inhibition of sweiling-induced 
K movement from SS celis. Internal Ca and Mn also inhibit 
K movement from SS cells. The inhibition of volume 
regulation by divalent cations suggests that increases in 
intracellular divalent ions, especially Mg, could induce a 
persistent degree of celj swelling in SS RBCs and thereby 
inhibit intracellular polymerization. 

©1987 by Grune & Stratton, inc. 


SRBCs is modulated by divalent ions.’ We studied the effect 
of divalent cations on K transport and cell volume in SS 
erythrocytes. We found that increasing internal Mg concen- 
tration in SS cells has marked effects on cell volume and K 
transport: An increase in internal Mg directly produces an 
increase of cell volume and thus a decrease of mean corpus- 
cular hemoglobin concentration (MCHC). Moreover, the 
net K loss and cellular dehydration induced by acid pH- or 
swelling in SS cells are markedly inhibited by increased 
concentrations of internal Mg. Other divalent cations, such 
as Ca and Mn, share a similar inhibitory action, albeit with 
different affinities. 


MATERIALS AND METHODS 


Blood was drawn from patients homozygous for hemoglobin S 
disease. All patients had received no blood transfusions for at least 3 
months prior to sampling. Preparation of RBCs, nystatin-loading 
procedure, and measurement of K efflux and phthalate density 
profile were performed as detailed in previous publications.’ The 
methods we used to control and adjust Mg levels in erythrocytes and 
to measure total RBC magnesium with atomic absorption spectrom- 
etry were those described by Flatman and Lew." 

To study the effect of Mg on cell volume, the phthalate density 
profile was measured in SS cells incubated for 30 minutes in a 
medium containing 10 mmol/L NaCl, 130 mmol/L KCI, 0.5, 1, 5, 
and 10 mmol/L MgCl, 10 mmol/L Tris- MOPS, pH 7.4 at 37°C, 10 
mmol/L glucose, 0.1 mmol/L ouabain, 0.01 mmol/L bumetanide, 
and 90 pmol/L /cell A23187. 

To study the effect of Mg, Ca, and Mn on K efflux, nystatin- 
swollen SS cells were incubated in isosmotic media containing 140 to 
130 mmol/L choline chloride, 0 ta 5 mmol/L divalents (MgCl, 
CaCi,, MnCl), and 0 to 15 mmol/L sucrose. These three compo- 
nents were reciprocally varied to maintain constant chloride concen- 
tration and osmolarity. The media also contained 10 mmol/L 
Tris-MOPS, pH 7.40 at 37°C, 10 mmol/L glucose, 0.1 mmol/L 
ouabain, 0.01 mmol/L bumetanide, 0.010 mmol/L carbocyanine"! 
and 0.005 mmol/L chlorpromazine. Incubation times for K efflux 
measurement were 5 and 15 minutes. The incubation times in these 
and other experiments were chosen to meet conditions of initial rate 
and have K effluxes values linear with time. The hematocrit of the 
flux suspension was 1%, and the concentration of the ionophere A 
23187 was 90 mol/L /cell. 

To study the effect of internal Mg, at constant external Mg, 
nystatin-treated SS cells were incubated in a medium containing 10 
mmol/L NaCl, 130 mmol/L KCl, 10 mmol/L Tris-MOPS, pH 7.4 
at 37°C, 10 mmol/L glucose, 0.1 mmol/L ouabain, 0.01 mmol/L 
bumetanide, 90 wmol/L/cell A23187, and either 0.1 mmol/L 
EDTA or MgCl, (1 to 2 mmol/L). After 30-minute incubation, the 
ionophore was removed with four washes with the same medium plus 
albumin (1 mg/mL). K efflux was measured in a medium containing 
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140 mmol/L NaCl, | mmol/L MgCl, 10 mmol/L Tris-MES (pH 
6.0 to 6.5) or Tris-MOPS (pH 6.75 to 8.0) at 37°C, 10 mmol/L 
glucose, 0.1 mmol/L ouabain, and 0.01 mmol/L bumetanide. The 
hematocrit of the flux suspension was 1%, and the incubation times 
were 5 and 25 minutes at 37°C (each one in triplicate). 

To study the effect of internal Mg, at constant external Mg, on the 
volume regulatory decrease exhibited by swollen SS cells, a protocol 
similar to the one described above was followed and the cells were 
then incubated in a medium containing 140 mmol/L NaCl, 4 
mmol/L KCl, 1 mmol/L MgCl, 1 mmol/L phosphate, 10 mmol/L 
Tris-MOPS, pH 7.4 at 37°C, and 10 mmol/L glucose. MCHC, Na, 
K, and Mg content and phthalate density profile were measured at 
the beginning of the incubation and after 12 hours at 37°C. Cell Mg 
and ATP contents were measured at the beginning and end of 
incubation and were constant. 


RESULTS 


Effect of divalent cations on cell volume in SS cells. As 
shown in Fig 1, when the internal concentration of Mg is 
increased by using A 23187 in SS cells, cell volume is also 
increased. This effect is due to the movement of chloride and 
thus water into the RBC, to balance the reduction in negative 
charges of nonpermeant solutes induced by Mg ions, and has 
been previously described in normal human RBCs by Flat- 
man and Lew." Cell swelling is not the only consequence of 
an increase on the internal Mg content: The increase of the 
chloride distribution ratio (C1,/Cl,), at constant external pH 
and external chloride concentration, produces an alkaline 
shift in internal pH and a reduction of the RBC membrane 
potential. We also measured the total Mg content in SS and 
AA cells. Our preliminary data indicate that the total RBC 
Mg content is 2.5 + 0.2 (SD, n = 5) mmol/L/cell in SS and 
2.3 + 0.1 (SD, n = 7) mmol/L /cell in AA cells (7.2 and 7.4 
mmol/kg hemoglobin, respectively). 

Effect af divalent cations on swelling-induced K efflux 
from SS cells. As in our previous study of CC cells,’ we 
found no effect of external Mg on the swelling-induced K 
flux from SS cells (data not shown). As shown in Fig. 2a, 
however, when the internal Mg content is varied by varying 
the external Mg concentration in the presence of ionophore A 
23187, K efflux from isosmotically swollen SS cells is 


100 


50 

Fig 1. Effect of Increasing the erythro- 
cyte Mg content on density profile of S8 
calls. To Increase cell Mg content, SS cells 
were Incubated in a medium containing: 10 
mmol/L. NaCt; 130 mmol KCI; 0.5, 1, 5, and 
10 mmol/L. MgCt,; 10 mmol/L Tris-MOPS, 
pH 7.4 at 37°C; 10 mmol/L glucose; 0.1 
mmol/L ouabain, 0.01 mmol/L bumetanke, 
and 90 pumol/L/cell A23187. After 30- 
minute incubation at 37°C, the phthalate 
density profile was measured. 
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markedly affected. Removal of internal Mg (by using 
A23187 and 0.1 mmol/L EDTA), stimulates K efflux from 
SS cells. When the internal (and external) Mg is increased, 
K efflux is progressively inhibited. At 0.15 to 0.2 mmol/L 
external Mg, K effluxes with and without A23187 are equal. 
This concentration of external Mg, with A23187, yields free 
and total RBC Mg values similar to those observed in fresh 
normal human RBCs" (C. Brugnara, unpublished observa- 
tions). The K; for external Mg, with A23187 added, calcu- 
lated with the Dixon plot was 185 + 50 wmol/L (n = 5). This 
value corresponds to a free internal Mg concentration of 
380 + 100 mol/L. 

To investigate whether other divalent cations have a 
similar inhibitory action on K transport of SS cells, we also 
increased the erythrocyte concentration of Ca and Mn. 
Because any increase of the internal free Ca opens Ca- 
activated K channels (Gardos effect, ref. 6), inducing a large 
K loss and also activating the Ca pump with associated 
increased consumption of ATP and metabolic substrates, we 
included in the incubation medium 10 pmol/L carbocyanine, 
an inhibitor of the Ca-activated K channel’! and 5 pmol/L 
chlorpromazine, an inhibitor of the Ca pump. We did not use 
trifluoperazine because it produced cell lysis. The presence of 
these two drugs did not affect the inhibitory action of Mg on 
the OB-resistant K fluxes. Indeed, similar results were 
obtained when the internal Mg was varied with and without 
carbocyanine and chlorpromazine. Figure 2a shows the 
effect of external Ca and Mn, with A23187 added, on the 
swelling-induced K efflux from SS cells. When the internal 
(and external) concentration of these two divalent ions is 
increased, there is a marked inhibition of K efflux from SS 
cells. Mn is a more powerful inhibitor of K movement than 
Ca, since in two experiments the K; for inhibition of K efflux 
by external Ca with A23187 were 300 „mol/L, and 200 
umol/L, whereas the comparable figures for external Mn 
with A23187 were 50 pmol/L and 70 pmol/L. Increasing 
concentrations of internal divalent cations inhibit the swell- 
ing-induced K efflux despite a concomitant increase in the 
cell water content that by itself would further stimulate K 
loss. 
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Fig 2. (A) Effect of divalent cations on the swelling-induced K efflux from SS celts. SS erythrocytes were isosmoticaliy swollen by 
using the nystatin technique; MCHC values before and after nystatin treatment were 35.4 and 26.7 g/dL, respectively. K efflux was 
measured from cells in which divalent cations content was varied by using A23187 (90 nmol/L/cell) and different external divalent cation 
concentrations. The efflux media containing 140 to 130 mmol/L choline chloride, 0 to 5 mmol/L divalents (MgCl, CaCl,, and MnCl), Oto 15 
mmol/L sucrose (these three components were reciprocally varied to maintain constant chloride concentration and osmolarity), 0.01 
mmol/L EGTA, 10 mmol/L Tris-MOPS, pH 7.40 at 37°C, 10 mmol/L glucose, 0.1 mmol/L ouabain, 0.01 mmol/L bumetanide, 10 pmol? L 
carbocyanine, and 5 pmol/L trifluoperazine. incubation times for K` efflux measurement were 5 and 15 minutes, and the hematocrit of the 
flux suspension was 1%. (B} Dependence of ouabain- and bumetanide-resistant K efflux on external pH in control SS cells, and in SS cells 
with increased or decreased Mg content. MCHC, Na“, and K* contents of nystatin-treated SS cells were 31.5 g/dL. 36.5 and 349 mmol/kg 
hemoglobin, respectively. The cell Mg content was varied with A23187, and the ionophore was then removed, as described in the 
Materials and Methods section. The total Mg content was 2.6 mmol/L/ cell in SS control cells, 0.085 mmol/L/cell in SS cells with low Mg 
content, and 6 mmol/L cell in SS cells with high Mg content. K efflux was measured in a medium containing 140 mmol/L NaCl, 1 mmol/L 
MgCl, 10 mmol/L Tris-MES (pH 6.0 to 6.5) or Tris-MOPS (pH 6.75 to 8.0) at 37°C, 10 mmol/L glucose, 0.1 mmol/L ouabain, and 0.01 


mmol/L bumetanide. The hematocrit of the flux suspension was 1%, and the incubation times were 5 and 25 minutes at 37°C (each one in 
triplicate}. 


Effect of Internal Mg on the pH dependence of K efflux 
from SS cells. To rule out the possibility that these effects 
were due to A23187, and to measure K efflux from cells with 


markedly reduced in SS cells, there is a dissociation between 
the inhibitory action of alkaline pH (that is lost) and the 
inhibitory action of cell shrinkage (that is conserved) on K 


different Mg content at constant (1 mmol/L) external Mg, 
SS cells were exposed to A23187 and different Mg concen- 
trations, and the ionophore was then removed by washing at 
37°C with albumin. When the RBC Mg content was 
increased, K efflux was markedly decreased at any external 
pH studied (Fig 2b). When the internal Mg was decreased 
(incubation in 0 Mg + 0.1 mmol/L EDTA), there was a 
marked change in the pH dependence of K efflux. K efflux 
was progressively stimulated when the external pH became 
more alkaline and the inhibition by alkaline pH was abol- 
ished (Fig 2b). Different effects were observed when cell 
volume was changed by altering the osmolarity of the 
medium at constant pH (7.40). At any given internal Mg 
concentration studied, K efflux was markedly inhibited when 
SS cells were shrunken by incubation in hypertonic media 
(data not shown). Thus, when the free and total cell Mg are 


efflux. 

Effect of internal Mg on regulation of cell volume by SS 
cells. We next studied the effect of varying the cell Mg 
content on the volume regulatory properties of CO-treated 
SS cells. SS erythrocytes were isosmotically swollen with the 
nystatin technique, their Mg content was increased with 
A23187 and MCHC, Na K contents and phthalate density 
distribution were measured before and after 12 hours incuba- 
tion at 37°C in a plasma-like medium containing no trans- 
port inhibitor. As shown in Fig 3, swollen SS erythrocytes 
(total cell Mg 7.5 mmol/kg hemoglobin) shrink more than 
swollen SS cells with increased Mg content (total cell Mg 
16.7 mmol/Kg hemoglobin). The difference in cell volume 
and cation content at the end of the incubation between SS 
control and SS cells with increased Mg content is mostly due 
to a smaller K loss in the high Mg cells (Table 1). There is 
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Fig3. Effect of increasing the erythrocyte Mg content on phthal- 
ate density profile of swollen SS cells after 12-hour incubation in 
an isosmotic medium. The cell water and K contents were 
increased using the nystatin procedure. The erythrocyte Mg 
content was then increased by incubating the cells for 20 minutes 
with 90 zmol/L/cell A23187 in a solution containing 130 mmol/L 
KCI, 10 mmol/L NaCl, 1 mmol/L MgCl, 10 mmol/L Tris-MOPS, 
(pH 7.40) at 37°C, and 10 mmol/L glucose. The ionophore was then 
removed (as described in the Materials and Methods section), and 
the cells were then incubated for 12 hours in a medium containing 
140 mmol/L NaCl, 4 mmol/L KCL 1 mmol/L MgCl, 1 mmol/L 
phosphate, 10 mmol/L Tris-MOPS {pH 7.4} at 37°C, and 10 mmol/L 
glucose. This was one of three experiments in differant SS 
subjects. 


also a small increase of the cell Na content in the high Mg 
cells as compared with SS control cells. 


DISCUSSION 


This report shows that variations in cell Mg affect SS 
erythrocyte cell volume by two different mechanisms. The 
first mechanism occurs through a reduction of the net 
negative charge of the nonpermeant cellular ions due to Mg 
binding to organic phosphates (10). As a consequence, to 
maintain electroneutrality, chloride moves into the cells and 


Table 1. Effect of Increasing Total Celi Mg Content on Volume 
Regulatory Decrease of Swolien SS Celis 








Na K {Na + K} Totali Mg 
MCHC (mmoi/kg 

Celis {g/dL} hemoglobin} 
Fresh cells 35.2 44.3 240.0 284.3 7.4 
Swollen SS ceils 

Q time 26.7 30.4 475.0 505.4 7.5 

12 hours 31.1 47.9 300.0 347.9 7.0 
Swollen SS cells, high Mg content 

O time 26.3 36.0 480.0 516.0 16.7 

12 hours 28.4 53.5 361.0 414.5 15.0 





Carbon monoxide-treated SS celis were isosmotically swollen by using 
the nystatin technique. The RBC Mg content was subsequently increased 
by exposing the RBCs for 20 minutes to 1 mmol/L MgCl, with 90 
pumoi/L/cell A23187, in a solution containing 130 mmol/L KCI, 10 
mmol/L NaCl, 10 mmol/L Tris-MOPS (pH 7.40) at 37 °C, and 10 
mmol/L glucose. After removal of the ionophore, the cells were incubated 
for 12 hours in a medium containing 140 mmol/L NaCl, 4 mmol/L KCI, 1 
mmol/L MgCl, 1 mmol/L phosphate, 10 mmol/L Tris-MOPS (pH 7.40) 
at 37 °C, and 10 mmol/L glucose. This was one of three experiments in 
different SS subjects. Each determination was carried out in triplicate (SD 
1% to 3%). 
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water follows osmotically, increasing water content and 
volume” (Fig 1). The second mechanism involves a specific 
inhibitory effect of internal Mg on a K transport pathway 
that has increased activity in SS and CC cells, ™ but is also 
present in the least dense fraction of normal AA cells.*° This 
inhibitory effect of Mg counteracts the cell shrinkage pro- 
duced by this pathway when SS cells are swollen or exposed 
to acid pH (Figs 2B and 3). 

Other variables, namely internal chloride, internal pH, 
and membrane potential are changed when the internal 
concentration of divalent ions is increased. The inhibition is 
almost complete at a concentration of divalent cations in the 
external medium of | mmol/L (Fig 2A). This concentration 
of external Mg yields in the presence of A23187 a free cell 
Mg of 1.7 mmol/L (normal value is 0.3 mmol/L) and a total 
RBC Mg content of 6.5 mmol/L /cell water (normal value is 
3.2 mmol/L/cell water). As a consequence, the interna! 
chloride concentration rises, the internal pH increases from 
7.25 to 7.29, and the membrane potential decreases from 
~9.0 to -6.5 mV. These last two changes by themselves 
could inhibit K movement and this possibility cannot yet be 
ruled out. The different affinities for divalent cations to 
inhibit K movement (Fig 2A) suggest, however, that this 
effect is a specific property of divalent cations rather than a 
secondary effect due to changes in internal pH and mem- 
brane potential. 

The regulatory action of internal Mg on K movement is 
further revealed by the finding that decreasing internal Mg 
in human SS cells stimulates K efflux (Fig 2A and B). A 
similar effect has also been reported in LK SRBCs,””? and 
the activity of the KC] cotransporter has been proposed to be 
determined by a divalent ion binding site, which is in turn 
regulated by the degree of protonation of its chemical 
groups.’ Indeed, the stimulation of K efflux by removal of 
internal Mg is also associated with a loss of the bell-shaped 
dependence on pH of K movement, and K efflux is not 
inhibited when the internal pH becomes more alkaline (Fig 
2B). Thus, the inhibition of this pathway for K transport 
requires the presence of internal Mg. It is reasonable to 
suppose that the inhibition of K transport by alkaline pH in 
the presence of internal Mg (Fig 2B) is due to binding of Mg 
at some site in the transport system for which Mg and 
protons compete. A loss of inhibition of K transport by 
alkalinization is also observed in SS, CC, and AA least dense 
cells after treatment with N-ethylmaleimide (NEM 1 mmol / 
L) or after isosmotic cell swelling’ (data not shown). The 
only difference among these three different conditions is that 
the increased K efflux due to NEM treatment is not volume 
sensitive, whereas that due to Mg removal or isosmotic cell 
swelling is inhibited by cell shrinkage produced by suspen- 
sion of the cells in hypertonic media. 

We have proposed that the high activity of this pathway in 
CC and SS cells is due not only to the presence of young cells, 
but also to a direct effect of the positively charged S and C 
hemoglobins, probably through binding to the RBC mem- 
brane.”* Indeed, cells with a moderate reduction of life span, 
such as those homozygous or heterozygous for C hemoglobin, 
have a much higher volume and pH-dependent K transport 
that control AA cells with comparable degrees of reticulocy- 
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tosis. Although this pathway is active only in the least dense, 
reticulocyte-rich fraction of normal AA blood, which repre- 
sents 5% of the whole RBC population,” it is active in all 
density fractions of CC and SS cells. Moreover, the K, Cl, 
and water loss induced by the activation of this transport 
pathway are not limited to a fraction of young SS cells, since 
they are easily demonstrable in whole SS blood (Fig 3 and 
Table 1). Because KCI loss through this pathway produces 
cell shrinkage, and because this pathway is most active in 
cells with relatively low density (and thus high cation and 
water content), it is reasonable to suppose that this pathway 
is involved in the reduction of K and water content that 
occurs when normal and SS RBCs become mature in vivo 
and may also be involved in the formation of dense dehy- 
drated SS cells. 

The inhibitory effect of internal Mg on K transport is not 
an exclusive property of SS cells, but is also observed in the 
least dense fraction of normal human RBCs.* A similar 
inhibitory action of Mg has been described by Lauf for the 
volume-dependent K flux of low K SRBCs."? Many of the 
properties of this K transport pathway in human RBCs are 
similar to those of the KCI cotransport described by Lauf in 
SRBCs.’ Like human RBCs, high K sheep reticulocytes have 
a volume- and chloride-dependent pathway that is then 
inactivated in mature cells.'* This pathway is present in all 
density fractions of low K SRBCs. Volume regulation 
through this pathway has been recently demonstrated in 
sheep reticulocytes.'* In both human (SS and AA) and LK 
SRBCs, inhibition of K transport is produced not only by 
internal Mg, but also by other divalent cations, such as Ca 
and Mn. In both LK SRBCs and SS cells, Mn seems to be the 
most potent inhibitor, since complete inhibition of K efflux is 
achieved with internal Mn concentrations below 150 umol/ 
L 

Mg has also some important effects on other cation 
transport systems in RBCs: its presence is required for the 
activity of the Na-K ATPase, of the Ca-ATPase,'® and of 
the Ca-activated K channel.” External (but not internal) Mg 
has a marked inhibitory effect on the Na and K fiuxes 
mediated by the bumetanide-sensitive Na-K-C]1 cotrans- 
port." 

The Mg effect and other properties differentiate the K 
transport system we describe here from the deoxygenation- 
induced fluxes of SS cells. The volume-, pH-, and chloride- 
dependent K movement that we have described in carbon- 
monoxide treated SS cells (and in CC and AA cells) is 
inhibited by cell Mg, is insensitive to DIDS (4,4'-diisothio- 
cyanostilbene-2,2’ disulforic acid), is not associated with an 
increased Na influx, and markedly decreases cell volume.” 
Preliminary reports also suggest that chloride-dependent K 
movement is inhibited when SS cells are deoxygenated.” 

The deoxygenation-induced K movement in SS cells is 
chloride-independent” and partially inhibited by DIDS,” is 
associated with a marked increase of the Na permeabill- 
ty,°?! and does not produce changes in cell volume.” Deoxy- 
genation of SS cells induces a marked increase of K and Na 
permeabilities and also of the internal free Mg concentra- 
tion.” These findings seem to indicate that the deoxygena- 
tion-induced Na and K fluxes move through transport path- 
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ways different from the system we describe and are mediated 
instead by pathways that are influenced by membrane 
stretching.” 

Mg is known to have important biologic regulatory func- 
tions.“ In human RBCs, the total cell Mg content is 2 to 3 
mmol/L/cell (3 to 4 mmol/kg/cell water) and the free Mg 
concentration is 0.3 to 0.4 mmol/kg/cell water.” ATP and 
other nucleotides are the most important RBC buffer system 
for Mg,” and only a small fraction of Mg is bound te cell 
proteins or 2,-3-DPG. Total RBC Mg content is elevated in 
the least dense fraction of normal RBCs and decreases as cell 
density increases.” Because the least dense fraction contains 
the youngest circulating RBCs, this observation could par- 
tially explain previous reports of elevated RBC Mg in sickle 
cell anemia and in other anemias characterized by marked 
reduction of RBC life span.” Preliminary reports on total 
Mg content of density-separated SS cells suggest that the 
total Mg content is lower in irreversibly sickled cells.” 
Clearly, future measurements of both, total and free RBC 
Mg contents, will have to be performed in SS erythrocytes 
separated according to density. The ratio of free to bound Mg 
in RBCs is markedly affected by the state of oxygenation of 
hemoglobin. Upon deoxygenation, ATP binds to deoxy- 
hemoglobin, releasing Mg, and the free Mg concentration 
markedly increases.” One study reported that the K and Mg 
concentrations in normal erythrocytes (and lymphocytes) are 
positively correlated, so that cells with a higher Mg concen- 
tration tend to have a higher K concentration and therefore a 
higher water content.” 

Genetic factors play an important role in determining the 
erythrocyte Mg content.”' Because the Mg content is geneti- 
cally determined, and since Mg has such an important effect 
on cell volume and K transport, it is possible that the genetic 
regulation of cell Mg is one of the “additional” genetic 
modulators of sickle cell disease.” 
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Refinement of Lymphoma Cytogenetics by the Chromosome 18q21 
Major Breakpoint Region 


By Edward Lipford, John J. Wright, Walter Urba, J. Whang-Peng, Ilan R. Kirsch, Mark Raffeld, Jeffrey Cossman, 
Dan L. Longo, Ajay Bakhshi, and Stanley J. Korsmeyer 


A smali (2.8-kilobase, kb) major breakpoint region local- 
ized to segment 18q21 rearranges in >70% of 
t(14;18)(q32:q21) lymphomas. This rearrangement inter- 
rupts the Bci-2 gene and introduces it into the fg locus at 
14932. The rearrangement between the joining region (J,,) 
of ig on chromosome 14 and the 18q21 region creates a 
translocation-specific DNA rearrangement. We generated 
probes that distinguish the 14:18 juncture on the derivative 
(der) 14 and der (18) chromosomes, providing a molecular 
approach to t(14;18) identification. Approximately 60% of 
unselected follicular lymphomas, 20% of diffuse large cell 
lymphomas, and 50% of adult undifferentiated non-Burkitt 


PECIFIC CHROMOSOMAL translocations occur in a 
wide variety of neoplasms, suggesting that these rear- 
rangements may play a direct role in tumor pathogenesis. 
Moreover, particular types of neoplasms possess a unique or 
highly associated translocation.'” These findings generated 
the thesis that genes could be identified flanking these 
breakpoints and would participate in transformation.’ 
Human lymphoid neoplasms are proving a fruitful model to 
examine this postulate. The phenotypic landmark genes of Ig 
and the T cell receptors within B and T cell tumors, 
respectively, have proven to be the sites of interchromosomal 
recombinations.*® Established c-onc genes or putative trans- 
forming genes have been identified at the far side of these 
breakpoints. 

We and other researchers previously cloned the chromo- 
somal breakpoint on the der (14) chromosome of the 
t(14:18)(q32:q21) that is found in ~80% of follicular B cell 
lymphomas. ™? Analysis of the der (14) revealed that a new 
gene, Bcl-2, from chromosome segment 18q21 moved into 
the immunoglobulin (Ig) locus at the 5° end of joining (Jy) 
regions.'*"’ In contrast, we noted that diversity (Dy) regions 
of Ig mediated the juncture with 18q21 on der (18) chromo- 
somes.'’ This argues that the t(14;18) occurs early in devel- 
opment at the first step of Ig gene rearrangement when a 
pre-B cell is attempting a Dy to Jy rearrangement." We also 
noted that a smal] 2.8-kb major breakpoint region (mbr) on 
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lymphomas demonstrated 14:18 rearrangements within 
the major breakpoint region. Examination of DNA for 14;18 
rearrangements resolved the identity of 14q+ chromo- 
somes in two patient's cells that lacked an obvious recipro- 
cal partner. Identification of the exact restriction frag- 
ments that mediate translocations complements routine 
cytogenetics. The detection of DNA rearrangements does 
not require dividing celis or the presence of an identifiable 
reciprocal partner and can detect clonal translocation 
rearrangements when the neoplastic cells are only a minor- 
ity of all celis present. 

© 1987 by Grune & Stratton, Inc. 


chromosome segment 18q21 was the site of rearrangement in 
>70% of the t(14;18) lymphomas.” Consequently, we pre- 
pared probes that identify the sites of 14,18 chromosomal 
juncture on the der (14), as well as the der (18) reciprocal 
partner. Because the t(14;18)(q32;q21) translocation is the 
most common translocation found in human lymphomas'*"” 
and since a high percentage (70%) of these can be detected 
by gene rearrangement, we used this molecular marker of 
translocation to approach unresolved issues in lymphoma 
cytogenetics. Karyotypic analysis of lymphomas can some- 
times result in an indeterminant classification of 14q +; in 
some series, this classification was ~20% of cases. This 
occurs because a der (14) chromosome is obvious but no 
certain reciprocal partner can be identified. Many of these 
14q + chromosomes appear to break at 14q32. In this study, 
we used 14:18 gene rearrangement to demonstrate that 
4q + lymphomas can be typical (14:18) translocations, 


MATERIALS AND METHODS 


Isolation and analysis of DNA. High-mol-wt DNA was isolated 
directly from lymph node biopsies, from cells teased free from such 
biopsies, or from cell lines. Nuclei were first prepared by lysing cells 
in 0.25% Triton X-100, 0.25 mol/L sucrose, 50 mmol/L Tris (pH 
7.5), 25 mmol/L KCI, and 5 mmol/L MgCl, on ice. Nuclei were 
subsequently washed twice in the sucrose buffer without Triton 
X-100 and were resuspended in this buffer and 0.3/mg/mL pretein- 
ase K, 1% sodium dodecy! sulfate (SDS), and 15 mmol/L EDTA 
(tetrasodium, pH 7.5) was added for 3 hours at 37°C. Samples were 
extracted with phenolchloroform until clean; the DNA was precipi- 
tated and samples were resuspended in 10 mmol/L Tris and 0.1 
mmol/L EDTA, These genomic DNAs were digested to completion 
with HindIiH or BamHI restriction endonuclease, size-fractionated 
over agarose gels by electrophoresis, and transferred to nitrocellulose 
paper.” Purified cloned DNA restriction fragments were radiola- 
beled with “=P by random hexanucleotide priming for use as probes.” 
Genomic blots were hybridized to “P probes with specific activities 
of 1 to 5 x 10° cpm/ug in 10% dextran sulfate, 40% or 50% 
formamide, 4x SSC, 1x Denhart’s solution, and 10 g/mL salmon 
sperm DNA. Blots were washed three times in 2x SSC, 0.1% SDS at 
room temperature, and twice in 0.1 x SSC, 0.1% SDS at 50°C, and 
autoradiography was performed. 

Preparation of probes. Genomic DNA probes from the mbr of 
chromosome segment 18q21 involved in the t(14:18)(q32iq21) 
translocation were constructed (Fig 1A). A 1.5-kb HindIl-EcoR1 
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used as a probe, this 2.8-kb fragment recognizes the 
interchromosomal rearrangement on both the (der) 14 

and (der) 18 breakpoints. In contrast, the telomeric 
1.5-kb Hindill-EcoR!i fragment detects the chromo- 
somal breakpoint on only the (der) 14. (B) The 6.0-kb B 
BamHl-Hindill fragment containing the Joining (Jp) 
segments used to detect rearrangements of the nor- 
mal Immunoglobulin heavy chain gene on chromosome 
14 as well as the chromosomal breakpoint on the (der) 
14. 


fragment was initially isolated from the der (14) chromosomal 
breakpoint of cell line SU-DHL-6." A region flanking this fragment 
was previously shown to be of chromosome 18 origin by somatic cell 
hybrids.” We determined the exact chromosomal location of this 
].5-kb HindIII-EcoRI fragment that would be used as a probe. This 
fragment was subcloned into pBR327, nick-translated with 
SHdNTPs and used in chromosome in situ hybridization as previ- 
ously described.* Analysis of 71 metaphases from phytohemagglu- 
tinin (PHA)-stimulated lymphoblasts of a normal male revealed 
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Fig 2. Bar graph of distribution of grains by chromosomal in 
situ. The Hindill-EcoRI 1.5-kb probe was localtzed to chromosome 
segment 18q21 with no other significant site of distribution. 
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that 8.5% of all grains (14 of 165) were located on the long arm of 
chromosome 18 at band q21 (Fig 2). By Poisson analysis, the 
Hind\I-EcoRI 1.5-kb probe was uniquely located at band 18q21 
(P « .05). This probe was used to isolate a cosmid clone containing a 
45-kb insert from the germline region of chromosome 18.” The 
entire 4.3-kb HindIII fragment containing the major site of rear- 
rangement in t(14;18) lymphomas was subcloned from this cosmid 
isolate. A 2.8-kb EcoRI-HindIII fragment constitutes the centro- 
meric portion and possesses the 150-base pair (bp) cluster site where 
most of these translocations focus (Fig 1A).'’ Consequently, this 
probe is capable of detecting the site of interchromosomal juncture 
on both the der (14) and der (18) reciprocal products in ~70% of 
t(14;18) translocations. In contrast, the 1.5-kb HindIIJ-EcoRI 
region lies telomeric to this breakpoint site and is translocated to the 
der (14) chromosome. Therefore, this 1.5-kb probe detects only the 
der (14) breakpoint rearrangement in AindIIJ-digested DNA. 
HindIII digests of lymphoma DNAs were comigrated on agarose 
gels with DNA from nontranslocated contro] sources of cells (fibro- 
blasts, normal leukocytes), and Southern blots were hybridized with 
these two probes. 

The t(14;18)(q32;q21) breakpoints are also clustered on chromo- 
some 14, occurring at the 5’ end of immunoglobulin joining (Jy) 
subsegments.'*!2!*!? Therefore, we used a 6.0-kb BamHI-Hind III 
probe containing the Jy region that recognized an 11.0-kb HindIII 
fragment in its germline form (Fig 1B).”* This probe detects both the 
rearranged V/D/J allele residing on the normal chromosome 14 as 
well as the site of chromosomal juncture on the der (14) chromo- 
some. These two Jy rearrangements can be discriminated by hybrid- 
izing the Jy probe and the chromosome 18 HindIII-EcoRI 1.5-kb 
probe to comigrated HindIII-digested lymphoma DNA. A single 
rearranged HindIII fragment containing the site of 14;18 juncture 
will hybridize to both probes (Fig 1). 


RESULTS 


A 14q+ lymphoma is a t(14;18) by rearrangement of the 
major breakpoint region. Lymphoma case 731, a diffuse 
large cell lymphoma, possessed a karyotype with a 14q+ 
chromosome but no obvious reciprocal partner in all 18 
metaphases examined (Fig 3). Two normal chromosome 18s 
were noted, and no candidate for a der (18) was observed. 
Despite this, Southern blot analysis with the chromosome 
18q21 origin Hind IN-EcoRI 1.5-kb probe and the Jy probe 
from 14q32 demonstrated a 14;18 rearrangement (Fig 4). 
Comigration of HindIJ-digested DNA from case 731 
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revealed a single rearranged fragment that hybridized with 
both the chromosome 14 and 18 probes (Fig 4). This could 
also be demonstrated in BamHI-digested DNA, in which a 
rearranged fragment possessed both Jy and chromosome 18 
information (not shown). The 1.5-kb Hind HI-EcoRI probe 
(Fig 1A) detected the site of 14;18 rearrangement on the der 
(14) in case 731 (Fig 4). We also used the 2.8-kb EcoRI- 
Hindili mbr as a probe (Fig 1A), and it detected sites of 
14:18 rearrangement of both a der (14) and (18) chromo- 
some (Fig 4). Although a der (18) chromosome was not seen 
in the available metaphases of case 731, molecular genetic 
examination proved that this reciprocal interchromosomal 


Fig 4. Genomic DNA from C 731 
a lymph node biopsy of case 
731 was digested with Hindili 
and comigrated on geis with a 
control {C} source of DNA with 
germline genes. Hybridization 
with the chromosome 18 
Hindill-EcoR! 1.5-kb probe and 
the immunoglobulin J, region 
reveals a common rearranged 
Hindili fragment identifying the 
(der) 14 chromosomal! break- 
point (dual-headed arrow}. The 
chromosome 18 £EcoR!I-Hindill 
2.8-kb probe detects a (der) 18 
as well as the {der) 14 break- 
point. Germline position of the 
4.3-kb chromosome 18 region 
and the 11.0-kb immunoglobu- 
lin J, region (--). 
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Fig3. Cytogenetic analysis 
of lymphoma case 731 revealed 


22 XY a 14q+ chromosome with no 


obvious reciprocal partner. 


rearrangement was still present within some lymphoma 
cells. 

Loss of the der (18) chromosome in a t(14;18) cell 
line. Another lymphoma provided the opportunity to 
observe the loss of a derivative chromosomal partner over 
time. A newly established cell line RL-7 was initiated from a 
diffuse undifferentiated (small noncleaved, non-Burkitt) 
lymphoma. Cytogenetic evaluation of the initial six meta- 
phases after 30 days of culture indicated the presence of a 
14q+ chromosome and two normal chromosome 18s without 
an obvious reciprocal partner (Fig 5). Southern blot analysis 
of this RL-7 cell line revealed a typical 14:18 der (14) 
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Fig 5. Cytogenetic analysis of lymphoma cell line RL-7 at day 30 revealed a 14q+ chromosome but no obvious reciprocal partner. 
Numerous other cytogenetic abnormalities were present, but two normal chromosome 18s were observed: A complete G-banded 
karyotype from cell A and a partial karyotype from cell B. Cell A had 51 chromosomes: 51, XY, +7, +8, +21, + del (12) (q21q24.3), 14q+, 
t(17;19) (q11; q13.3), +min. Cell B: partial karyotype showed normal 12 and the deleted 12. 


chromosomal rearrangement (Fig 6). The identical rear- 
rangement of the der (14) breakpoint and of the normal 
chromosome 14 Ig gene was present in the fresh lymphoma 
cells obtained from ascites as well as the cell line (Fig 6). 
Thus, the original lymphoma in vivo and the in vitro cell line 
were identical with respect to their t(14;18) translocation. 
Cytogenetic analysis of the original ascites lymphoma cells 
revealed the presence of a der (18) chromosome together 
with two normal chromosome 18s (Fig 7). Therefore, this 
lymphoma appeared to undergo a process of clonal evolution 
in which the normal chromosome 18 was duplicated and the 
der (18) was lost. This prompted a more extensive cytoge- 
netic examination of metaphases from the RL-7 cell line at 
various time points after establishment. Table | shows that 
all 20 metaphases of the original in vivo lymphoma cells from 
ascites had a der (18) and two normal chromosome 18s. In 
contrast, the der (18) appears to be progressively lost over 
time in the RL-7 cell line. At day 1 and 2 of culture, all 
metaphases possessed a der (18) chromosome, whereas by | 
month <50% had a der (18) (Table 1). 

Unaltered breakpoint rearrangement during histologic 
progression from follicular to diffuse lymphoma. Molecu- 
lar analysis of the ascites cells (A 1431) and the RL-7 cell 


line revealed the presence of some der (18) type rearrange- 
ments (Fig 8), as would be predicted by the more extensive 
cytogenetic analysis. The identical der (14) as well as der 
(18) breakpoint rearrangements were present in the diffuse 
undifferentiated cells of the A1431 ascites and the RL-7 cell 
line. Moreover, lymph node biopsy (658) performed 5 years 
earlier exhibited a follicular (mixed small and large cell) 
histology yet also possessed the identical der (14) and der 
(18) rearrangements (Fig 8). Thus, the histologic pro- 
gression from follicular to a diffuse undifferentiated lym- 
phoma occurred in the same neoplasm. In addition, this 
progression to a more aggressive lymphoma was not asso- 
ciated with any further rearrangement of either chromo- 
somal breakpoint (Fig 8). Lymph node biopsy 658 illustrates 
the sensitivity of the gene rearrangement approach in detect- 
ing clonal translocation rearrangements even when the neo- 
plastic cells are a minority of all cells present (Fig 8). 

18q21 major breakpoint region (mbr) rearrangements in 
nonfollicular lymphoma. The 18q21 major breakpoint 
region (mbr) rearranges and thus contains the chromosomal 
breakpoint in ~60% (11 of 17) of unselected follicular 
lymphomas we have examined in this and prior studies. '| By 
extrapolation, this argues that >70% of follicular lympho- 
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Fig 6. Genomic DNA from the original ascites cells of Ilym- 
phoma case 1431 (A) was compared with the established cell line 
(RL-7). A single rearranged Hindili fragment hybridized to both the 
chromosome 18 and chromosome 14 probes and identified the 
14:18 juncture on the {der} 14 (dual-headed arrow}. Germline- 
sized Hindili restriction fragments (--). The larger sized rearrange- 
ment detected by the J,, probe (single-headed arrows) results from 
the V/D/J on the normal chromosome 14. 


mas that actually possess a t(14;18) translocation by cytoge- 
netics cluster their breakpoints within this region. Follicular 
lymphomas can progress over time to more aggressive neo- 
plasms of diffuse large or undifferentiated cell types. We 
wished to estimate the incidence of 18q21 mbr rearrange- 
ment within lymphomas not of follicular type. Within diffuse 
large cell lymphomas, 4 of 20 (20%) demonstrated a rear- 
rangement within the mbr (Table 2). Adult undifferentiated 
(small, noncleaved) non-Burkitt lymphoma represents a his- 
tologic subset of diffuse aggressive lymphomas.” The fea- 
tures that are believed to distinguish these undifferentiated 
lymphomas from Burkitt lymphoma are an increased varia- 
tion in the size of nuclei and the prominence of nucleoli. 
Adult undifferentiated non-Burkitt lymphomas are almost 
always of B cell type. They are usually diffuse, but nodular 
patterns have been noted, suggesting that they might be of 
follicular center cell origin.” Four of eight (50%) examined 
revealed a 14;13 rearrangement (Table 2). Only one of these 
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cases represented a known histologic progression from prior 
follicular lymphoma (case 1431). 


DISCUSSION 


The presence of unique or highly associated chromosomal 
translocations in distinct types of neoplasms implies that 
their breakpoint regions are near genes contributing to 
neoplasia.’ These characteristic translocations can often be 
discerned by routine cytogenetic analysis of metaphase 
spreads with the aid of banding techniques. The accuracy 
and efficiency of cytogenetics has improved considerably in 
recent years such that definitive chromosomal analysis is 
possible in most cases of non-Hocdgkin’s lymphoma. Even 
these techniques, however, are not uniformly successful in 
determining the precise nature of the interchromosomal 
partners, as the 14q+ lymphomas illustrated in this study. 
Instances of unresolved karyotypes often reflect the limita- 
tions inherent in cytogenetic techniques. 

We used the well-circumscribed chromosomal breakpoint 
within the Ig Jy region on chromosome 14 and a defined 
2.8-kb mbr on chromosome 18 to demonstrate t(14;18) 
translocations in lymphomas with unresolved cytogenetic 
assignments, Because most of these breakpoints cluster 
within a very small 150-bp region of 18q21, we were able to 
construct probes capable of discriminating the site of inter- 
chromosomal rearrangement on the der (14) v the der (18) 
chromosome (Fig 1). This capability provides the opportu- 
nity to follow the natural history of these two reciprocal 
partners throughout the course of lymphomas. In case 731, 
only 18 metaphases could be obtained; all of these demon- 
strated a 14q+, but no obvious reciprocal partner was 
present. Gene rearrangement studies proved this to be a 
juncture with 18q21 on the der (14), however, and demon- 
strated the presence of der (18) type rearrangements within 
the lymphoma biopsy tissue. This indicates that the der (18) 
chromosome was present only in a subpopulation of cells or 
that, alternatively, this juncture site was buried within an 
unrecognized complex translocation. The A1431 lymphoma 
and its cell line (RL-7) provided the opportunity to document 
an evolution of the chromosomal pattern over time. The 
initial uncertainty in cytogenetic classification of the RL-7 
cell line resulted from a duplication of the normal chromo- 
some 18 and the loss of the der (18). The t(14;18) results in 
the movement of the Bc/-2 gene from 18q21 to the der (14). 
Thus, the duplication of a normal chromosome 18 would 
result in a copy number of 3 for Bc!-2. Using a discrimina- 
tory S, protection assay, we determined, however, that only 
the translocated Bc/l-2-ig fusion product is transcribed 
whereas the Bc/-2 gene on the normal chromosome 18 is 
suppressed. Perhaps this particular der (18) chromosome 
was mitotically unstable and simply prone to nondisjunc- 
tional loss. Prior examples of the duplication of normal! 
chromosome 18, the presence of unpaired der (14)s, as well 
as duplication of the der (18) have been noted. ®* Both cases 
studied here illustrate that in many situations it may prove to 
be more efficient and conclusive to demonstrate the presence 
of a specific gene rearrangement than to be dependent on the 
availability of larger numbers of metaphases. 
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Fig7. Cytogenetic analysis 


of fresh lymphoma ascites cells 14 
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ence of a t(14:18)(q32:q21) 

with an 18q— as well as a 

14q+ chromosome. In addi- a 19)(q1 1:q13.3) 
tion, two normal chromosome 19 20 
188 were present. 





The t(14;18) translocation is most highly associated with 
follicular lymphomas in which perhaps 85% of the small 
cleaved cell type bear the translocation.'*!? Curiously, struc- 
tural analysis of the t(14;18) breakpoint indicates that it 
occurs at a pre-B cell stage of development despite the 
mature B cell phenotype of the ultimate lymphoma. More- 
over, follicular lymphomas followed over time may progress 
to diffuse large cell histology in up to 40% of instances.” We 
found typical 14;18 rearrangements in ~20% of the diffuse 
large cell lymphomas examined (Table 2). This is a lower 
incidence than in unselected follicular lymphomas (60%), 


Table 1. Cytogenetic Charactertzation of Original Lymphoma 
and Call Lins 


Time Chromosome 14 
Source of Calls {No. of Metaphases) and 18 Findings 


Ascites celis {20) 20: der (14), der (18), two 
(No. 1431) normal 18s 
RL-7 call line : der (14), dec (18), two 
normal 18s 
1: der (14), der (18), one 
normal 18 
Day 2 (2) 2: der (14), der (18), two 
normal 18s 
: der (14), der (18), two 
nomal 18s 
: der (14), two normal 
188, no der (18) 
: der (14), der (18), two 
normal 183 
9: der (14), two normal 
18s, no der (18) 


st 


Day 1 (8) 


Day 5 {9} 
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“d 


da de 


\t(14;18)(q32:921) 


1821 





3 4 5 


il iii, Mid i By aaa 


del(12)(q2 hoa) 
8 9 10 11 12 


AA A” gb 
wo 7 
15 16 17 18 
an Aë T 
21 22 


suggesting that many diffuse large cell lymphomas do not 
arise from prior follicular center cell based lymphomas. 
Other histologic entities, including immunoblastic lym- 
phoma (Table 2), chronic lymphocytic leukemia, pre-B cell 
acute lymphoblastic leukemia, and Burkitt lymphoma lacked 
14:18 rearrangements.'' In contrast, many of the adult 
undifferentiated non-Burkitt lymphomas demonstrated 
18q21 mbr rearrangements, supporting previous speculation 
that this entity may often have a follicular center cell origin. 

Thus, use of a single probe from the mbr at 18q21 can 
detect the breakpoint rearrangement in >70% of t(14;18) 
follicular lymphomas as well as in some diffuse lymphomas. 
Southern blot detection of translocation rearrangements is 
capable of complementing and refining routine cytogenetics 
in several settings. Definitive DNA breakpoint rearrange- 
ments do not require the presence of an obvious reciprocal 
chromosomal partner, do not require the lymphoma cell to be 
dividing, and can detect translocated cells even if they 
comprise but 1% to 5% of all cells present. In addition, the 
remaining 30% of t(14;18) rearrangements will also be 
definable by using the cloned genomic regions that encom- 
pass and flank the 5’ and 3’ ends of the Bcl-2 locus.””! 
Indeed, a restricted minor breakpoint region may exist at the 
3’ end of this gene.” Molecular recognition of variant 
breakpoint sites will be considerably enhanced by use of 
additional technologies. This includes pulsed-field gel elec- 
trophoresis, in which it is possible to detect chromosomal 
rearrangements even if the breakpoint fails several hundred 
kilobases beyond the classic region.” Moreover, chromo- 
somal in situ hybridization as shown in Fig 2 can be 
performed directly on tumor cells and demonstrate definitive 
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Fig 8. EcoRt-Hindltll 2.8-kb major breakpoint region probe 
detects the presence of (der) 18 as well as (der) 14 chromosomal 
rearrangement sites (arrows). The 4.3-kb germline chromosome 
18 region was present {--) on the normal allele and within admixed 
nonlymphoma cells. The identical (der) 14 and (der) 18 rearrange- 
ments were present in the diffuse undifferentiated cells of the 
ascites A(1431} and cell line (RL-7) as well as the preceding 
follicular lymphoma (658). 


movement of a portion of one chromosome to a derivative 
chromosome. The molecular cloning of this and other clus- 
tered regions of chromosomal breakage should lead to refine- 
ments in the detection and definition of translocations. 


ACKNOWLEDGMENT 


We thank Molly Bosch for expert assistance in the preparation of 
this manuscript. 


REFERENCES 


1. Rowley JC: Indentification of the chromosome region involved 
in human hematologic malignancies. Science 216:749, 1982 

2. Yunis JJ: The chromosomal basis of human neoplasia. Science 
221:227, 1985 

3. Klein G: The role of gene dosage and genetic transposition in 
carcinogenesis. Nature 294:313, 1981 

4. Kirsch IR, Morton CC, Nakahara K, Leder P: Human immu- 
noglobulin heavy chain genes map to a region of translocation in 
malignant B lymphocytes. Science 216:301, 1982 


LIPFORD ET AL 


Table 2. Mbr Rearrangement in Nonfoilicular Lymphoma 


etm RARE Nir peut ifdef ui iniaa ana AEAN KATA aaan iir yak ia AAAA MAMAN AN AMARA Harman parma gaa hai praa A Rett Pu A NEHA AT 


Case No. 





Diffuse large cell lymphoma 
P 731 
P 933 
P1477 
P1461 
P1511 
P1653 
P1748 
P1400 
P1066 
P1063 
P1080 
P1039 
K1187 
K1785 
K 1308 
K i188 
K1°86 
K1217 
K1218 
K1219 


ooog roo rno or oo o vo Tr ocu ALc 
Ooo onan wpa GGDT ACGME D 


Adult undifferentiated non-Buriitt lymphoma 
P397 F 
P4564 B 
P592 B 
P1310 B 
P1312 B 
B 
U 
B 


Gi) GY 


P1431 
P1830 
P1541 


Cr Dm DB BD 


Large cell immunoblastic lymphoma 
P1517 
P1531 


(sz 


B, B cell; T, T cell; U, undetermined; R, rearranged; G, germline. 


5. Lenoir GM, Preud'homme JL, Bernheim A, Berger R: Corre- 
lations between immunoglobulin light chain expression and variant 
translocation in Burkitt’s lymphoma. Nature 298:474, 1982 

6. Erikson J, Williams DL, Finan J, Nowell PC, Croce CM: 
Locus of the a chain of the T cell receptor is split by chromosome 
translocation in T cell leukemias. Science 229:784, 1985 

7. Taub R, Kirsch I, Morton C, Lenoir G, Swan D, Tronick 5, 
Aaronson S, Leder P: Translocation of the c-myc gene into the 
immunoglobulin heavy chain locus in human Burkitt's lymphoma 
and murine plasmacytoma cells. Proc Natl Acad Sci USA 79:7837, 
1982 

8. Dalla-Favera R, Martinotti S, Gallo R, Erikson J, Croce CM: 
Translocation and rearrangements of c-myc oncogene locus in 
human undifferentiated B cell lymphomas. Science 219:963, 1983 

9, Tsujimoto Y, Yunis JJ, Onorato-Showe L, Erikson J, Nowell 
PC, Croce CM: Molecular cloning of the chromosomal breakpoints 
of B cell leukemias with the t(11;14) chromosomal translocation. 
Science 224-2403, 1984 

10. Tsujimoto Y, Finger LR, Yunis JJ, Nowell P, Croce CM: 
Cloning of the chromosome breakpoint of neoplastic B cells with the 
(14:18) chromosome translocation. Science 226:1097, 1984 





CHROMOSOME 18021 REFINEMENT OF LYMPHOMA CYTOGENETICS 


11. Bakhshi A, Jenson JP, Goldman P, Wright JJ, McBride OW, 
Epstein AL, Korsmeyer SJ: Cloning the chromosomal breakpoint of 
t(14;18) human lymphomas: clustering around Jy on chromosome 
14 and near a transcriptional unit on 18. Cell 41:899, 1985 

12. Cleary ML, Sklar J: Nucleotide sequence of a t(14;18) 
chromosomal breakpoint in follicular lymphoma and demonstration 
of a breakpoint cluster region near a transcriptionally active locus on 
chromosome 18. Proc Natl Acad Sci USA 82:7439, 1985 

13. Tsujimoto Y, Croce CM: Analysis of the structure, tran- 
scripts and protein products of Bci-2, the gene involved in human 
follicular lymphoma. Proc Nat! Acad Sci USA 53:5214, 1986 

14. Cleary ML, Smith SD, Sklar J: Cloning and structural 
analysis of cDNAs for Becl-2 and a hybrid &cl-2/immunoglobulin 
transcript resulting from the t(14;]18) translocation. Cell 47:19, 
1986 

15. Graninger WB, Seto M, Boutain B, Goldman P, Korsmeyer 
SJ; Expression of Bci-2 and Bcl-2-Ig fusion transcripts in normal 
and neoplastic cells. J Clin Invest, in press 

16. Tsujimoto Y, Gorham G, Cossman J, Jaffe ES, Croce C: The 
t(14,18) chromosome translocations involved in B cell neoplasms 
result from mistakes in VDJ joining. Science 229:1390, 1985 

17. Bakhshi A, Wright JJ, Graninger W, Seto M, Cossman J, 
Jensen JP, Goldman P, Korsmeyer SJ: Mechanisms of t(14;18) 
translocation: Structural analysis of both derivative 14 and 18 
reciprocal partners. Proc Natl Acad Sci USA 84:2396, 1987 

18. Levine EG, Arthur DC, Frizzera G, Peterson BA, Hurd DD, 
Bloomfield CD: There are differences in cytogenetic abnormalities 
among histologic subtypes of the non-Hodgkin's lymphomas. Blood 
66:1414, 1985 

19. Yunis JJ, Frizzera G, Oken MM, McKenna J, Theologides 
A, Arnesen M: Multiple recurrent genomic defects in follicular 
lymphoma: A possible model for cancer. N Engl J Med 316:79, 
1987 

20. Sandberg AA: Chromosome changes in the lymphomas. Hum 
Pathol 12:531, 1981 

21. Bloomfield CD, Arthur DC, Frizzera G, Levine EG, Peterson 
BA, Gajl-Peczalsha KJ: Nonrandom chromosome abnormalities in 
lymphoma. Cancer Res 43:2975, 1983 

22. Alwine JC, Kemp DJ, Parker BA, Reiser J, Renart J, Stark 
GR, Wahl GM: Detection of specific RNAs or specific fragments of 


1823 


DNA by fractionation gels and transfer to diazobenzylmethy! paper. 
Methods Enzymol 68:220, 1980 

23. Feinberg AP, Vogelstein B: A technique for radiolabeling 
DNA restriction fragments to high specific activity. Anal Biochem 
132:6, 1980 

24. Ravetch JV, Siebenlist U, Korsmeyer SJ, Waldman TA, 
Leder P: The structure of the human immunoglobulin mu locus: 
Characterization of embryonic and rearranged J and D genes. Cel! 
27:583, 1981 

25. Rappaport H, Winter WJ, Hicks EB: Follicular lymphoma. 
A re-evaluation of its position in the scheme of malignant lymphoma, 
based on a survey of 253 cases. Cancer 9:792, 1956 

26. Cossman J, Jaffe ES, Fisher RI: Immunologic phenotypes of 
diffuse, aggressive, non-Hodgkin’s lymphomas. Cancer 54:1310, 
1984 

27. National Cancer Institute Sponsored Study of Classifications 
of non-Hodgkin’s Lymphomas: Summary and description of work- 
ing formulation for clinical usage. The non-Hodgkin's lymphoma 
pathologic classification project. Cancer 49:2112, 1982 

28. Hubbard SM, Chabner BA, DeVita Jr, VT, Simon R, Berard 
CW, Jones RB, Garvin AJ, Canell OS, Osborne CK, Young RC; 
Histologic progression in non-Hodgkin's lymphoma. Blood 39:258, 
1982 

29. Cleary ML, Galili N, Sklar J: Detection of a second {14,18} 
breakpoint cluster region in human follicular lymphoma. J Exp Med 
164:315, 1986 

30. Tsujimoto Y, Bashir MM, Givol 1, Cossman J, Jaffe E, Croce 
CM: DNA rearrangements in follicular lymphoma can involve the 5’ 
or the 3’ region of the be/-2 gene. Proc Natl Acad Sci USA 84:1329, 
1987 

31. Seto M, Jaeger U, Hockett RD, Graninger W, Bennett 5, 
Goldman P, Korsmeyer SJ: Alternative promoters, exons, 3° UT 
regions; somatic mutation and transcriptional deregulation of the 
Bel-2-1g fusion gene, submitted for publication 

32. Carle GF, Olson MV: Separation of chromosomal DNA 
molecules from yeast by orthogonal-field alternation gel electropho- 
resis. Nucleic Acids Res 12:5647, 1984 

33. Schwartz DC, Cantor CR: Separation of yeast chromosome- 
sized DNA by pulsed field gradient gel electrophoresis. Cell 37:67, 
1984 


Influence of Hydroxyurea on Fetal Hemoglobin Production In Vitro 


By Barbara A. Miller, Orah Platt, Sandra Hope, George Dover, and David G. Nathan 


Cytotoxic drugs increase circulating fetal hemoglobin lev- 
els. We examined the mechanism by measuring the fetal 
hemoglobin produced per BFU-E-—derived erythroblast fol- 
lowing hydroxyurea treatment in vivo and in vitro. Treat- 
ment of four sickle cell patients increased the percentage 
of circulating F reticulocytes. The frequencies of bone 
marrow or peripheral blood BFU-E or CFU-E-—derived colo- 
nies and their fetal hemoglobin content were unaffected. In 
all cases, the number of erythroid cells /progenitor-derived 
colony increased. To explore further the effect of hydroxy- 
urea on fetal hemoglobin production, we added 50 pmol/L 
hydroxyurea to cultures of peripheral blood BFU-E—derived 
erythroblasts on 1 of 9 days (day 5 through 13) to nine 
samples. These BFU-E were derived from the peripheral 
blood of normal donors, sickle trait donors, and sickle cell 


ELL CYCLE-dependent cytotoxic drugs recently have 
been shown to increase fetal hemoglobin (HbF) levels 

in non-human primates and in humans. When administered 
at appropriate doses and schedules, both S and M phase- 
specific agents have this capability.” Clinical studies of 
these drugs suggest that they may be useful in the treatment 
of certain patients with sickle cell anemia.** 5-Azacytidine 
(5-Aza) was the first S phase-specific agent to be studied”? 
The mechanism of its HbF-enhancing effect was believed to 
be related to its capacity to demethylate putative promotor 
regions of y globin genes, which in turn stimulate y globin 
expression.™ Our experience with hydroxyurea indicated 
that hypomethylation immediately 5 to y genes may be a 
secondary effect of such drugs.® Other mechanisms of action 
have since been proposed: cytoreduction and rapid recruit- 
ment of erythroblasts directly from progenitors with higher 
fetal hemoglobin programs,’ and direct induction of down- 
stream maturation of progenitor cells.* Studies of baboons 
treated with 5-Aza and of monkeys with 5-Aza, hydroxy- 
urea, and vinblastine support the cytoreduction hypothesis.’* 
Clinical studies with 5-Aza and hydroxyurea suggest a 
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anemia patients and from the bone marrows of monkeys. 
This concentration of hydroxyurea was selected so that 
the frequency of BFU-E and their size was moderately 
decreased. Addition of hydroxyurea to these progenitor- 
derived erythroid celis had no effect on fetal hemoglobin 
content per cell. Neither did transient exposure of progeni- 
tors to hydroxyurea prior to culture in nontoxic concentra- 
tions (0 to 500 zmol/L) result in a significant increase in 
fetal hemoglobin content in progenitor-derived erythro- 
blasts. These data suggest that hydroxyurea does not 
directly aiter the HbF program expressed by progenitor- 
derived erythroid cells. instead, it enhances hemoglobin F 
content secondarily, possibly by inducing alterations in 
erythropoiesis. 

© 1987 by Grune & Stratton, inc. 


complex action, due at least in part to a direct nontoxic effect 
on progenitors and precursors.”'° 

We report measurements of BFU-E~—derived erythroblast 
fetal hemoglobin content in four patients with sickle cell 
anemia (SCA) treated with hydroxyurea. In addition, 
hydroxyurea was added to cultures of peripheral blood 
BFU-E-derived erythroblasts to determine whether a direct 
effect on fetal hemoglobin production could be demon- 
strated. Two of these patients had previously responded to 
hydroxyurea in vivo.° No direct effect of hydroxyurea on 
fetal hemoglobin synthesis in BFU-E~derived erythroblasts 
was demonstrated in vitro, but treatment with hydroxyurea 
in vivo stimulated individual erythroid progenitors to form 
larger colonies of erythroid precursors in vitro. 

These results demonstrate that hydroxyurea does not 
directly alter the HbF program established in erythroid 
progenitors or erythroid precursors derived from progenitors. 
It appears, instead, to exert its HbF stimulatory effect by its 
effect on erythropoiesis. 


MATERIALS AND METHODS 


Bone marrow and peripheral blood samples. Patients 1 through 
4 had sickle cell disease with protracted painful crises and were 
treated, after informed consent, with a 3-day (patients 3, 4) or 5-day 
{patients 1, 2) course of hydroxyurea at 50 mg/kg/day dividec into 
three oral doses. All patients had normal renal function as measured 
by serum creatinine, BUN, and creatinine clearance, but these 
measurements do not imply that the patients cleared the adminis- 
tered hydroxyurea at a rate similar to that of normal subjects. 
Results of treatment of patients | and 2 were previously reported. 
Bone marrew and peripheral blood samples were drawn in preserva- 
tive-free heparin or acid-citrate-dextrose (ACD) for assessment 
prior to treatment and 1& to 72 hours following completion of 
hydroxyurea therapy. 

Peripheral blood samples were also obtained from normal AA 
volunteers, an AS parent, and from SCA patients aged » 3 years who 
were not transfused within 6 months, and had no painful crisis within 
7 days. Bone marrow samples were also obtained from two normal 
M. fasicularis monkeys who had not been bled or treated previously 
with any cytotoxic drugs. 

Informed consent was obtained within institutional guidelines 
prior to treatment and procurement of blood and bone marrow 
samples. Simian marrow samples were obtained with the kind 
„sistance of Dr Norman Letvin, under the guidance of the Commit- 


Blood, Vol 70, No 6 (December), 1987: pp 1824-1829 


~<a 


INFLUENCE OF HYDROXYUREA HeF IN VITRO 


tee on Care and Use of Laboratory Animals of the Institute of 
Laboratory Animal Resources."! 

Analysis of percentage of F reticulocytes and percentage of HbF 
in peripheral blood. Analysis of percentage F reticulocytes in the 
peripheral blood of SCA patients was performed as previously 
described.” Analysis of percentage of HbF in the peripheral blood 
was performed by the alkali denaturation technique. 

Methyl cellulose culture of peripheral blood and bone marrow 
mononuclear cells. Blood and marrow samples were diluted with 
tissue culture medium (Iscove’s modified Dulbecco’s medium, 
IMDM), layered over Ficoll-Hypaque (Pharmacia, Piscataway, NJ) 
and centrifuged for 20 minutes at 2,200 rpm at 18°C. The cells at the 
interface were collected, washed, and plated at 1 to2 x 10° cells/mL 
in 35-mm Petri dishes (Falcon) in a mixture containing 0.9% 
methylcellulose, 30% fetal calf serum (FCS, Gibco, Grand Island, 
NY), 9.0 mg/mL deionized bovine serum albumin (BSA, Sigma, St 
Louis, fraction V), 1.4 x 10-* mol/L f-mercaptoethanol, 5% Mo 
cell line-conditioned medium as a source of BPA (generously 
provided by Dr David Golde) and with 2.0 U/mL crude erythropoie- 
tin (Toyobo) in IMDM. The plates were incubated in humidified 4% 
CO, at 37°C for 7 and 14 days. 

The frequency of bone marrow CFU-E (7-day culture) and 
BFU-E (14-day culture) and of peripheral blood BFU-E-derived 
colonies/1 x 10° cells was assessed in patients who had been treated 
in vivo with hydroxyurea. The number of cells per erythroid colony, 
the picograms of fetal and total hemoglobin, and the percentage of 
fetal hemoglobin per progenitor-derived cell were also measured. 
Approximately 50 to 100 progenitor-derived colonies were plucked 
per sample, an aliquot was counted, and the average number of 
erythroid cells per colony was determined. When samples were 
plucked in duplicate or triplicate, the mean number of cells per 
colony +1 SD was determined. Statistical significance of changes 
noted following treatment was determined with Student’s paired t 
test. 

Hydroxyurea (Squibb, Princeton, NJ, 97.6% pure) was added to 
erythroid culture dishes on days 3 through 13 following initiation of 
cultures derived from normal controls, AS controls, patients with 
SCA, and two monkeys. The drug was brought to a final concentra- 
tion of 0 to 100 mol/L, added at only one time point per dish, and 
was allowed to remain in the dish until completion of the 14 days of 
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culture. In a second group of experiments, samples were pretreated 
with 5 to 500 mol/L hydroxyurea in IMDM with 20% FCS and 2 
U/mL erythropoietin (Amgen, Thousand Oaks, CA) at 37°C for 18 
hours, washed, and then cultured. The number of BFU-E-derived 
colonies, the number of cells per colony, and the hemoglobin content 
of BFU-E-derived erythroblasts were assessed at 14 days. In some 
experiments, 5-Aza was substituted for hydroxyurea at a final 
concentration of 0.01 mmol/L. 

Radioligand assay of HbA and HbF. Erythroid colonies were 
“plucked” and counted. A precisely measured volume was trans- 
ferred to a second tube and pelleted, and the pellet was resuspended 
in 0.5 mg/mL carrier sheep Hb (300 to 400 uL) containing 0.02% 
Na-azide. This suspension was sonicated, microcentrifuged, and 
stored at 4°C. 

Radioligand assay of total or fetal hemoglobin in picogram per 
BFU-E-derived cell was performed as previously described.'*" 
Each sample was assayed in triplicate to determine picograms of 
fetal or total hemoglobin. The percentage of HbF in such cells was 
calculated from the mean picograms of fetal and total hemoglobin 
measurements. 


RESULTS 


Effect of in vivo hydroxyurea treatment on in vitro 
hemoglobin F production. All four SCA patients treated 
with a single course of hydroxyurea immediately responded 
with increased circulating F reticulocytes (shown in Table 
1). This represented an absolute increase since neither total 
RBCs nor percentage of total reticulocytes were affected. In 
general, F reticulocyte levels peaked at 7 days, remained 
elevated for at least 14 days, and returned to baseline by 21 
days after initiation of treatment. A significant change in 
circulating HbF was not observed in this brief treatment 
period. To determine the effect of this treatment on the 
capacity of bone marrow BFU-E and CFU-E and peripheral 
blood BFU-E to proliferate and to produce fetal hemoglobin 
in the erythroblasts to which they give rise, BFU-E~derived 
colonies were cultured from the marrow and peripheral blood 
of patients prior to the initiation of hydroxyurea treatment 


Table 1. Effect of Hydroxyurea Treatment on Hemoglobin F Production in BFU-E—Derived Celis 


Patient 1 Patient 2 Patient 3 Patient 4 
Day O Day 7 Day 0 Day 8 Day 0 Day 4 Day 0 Day 4 
F Reticutocytes (%) 16.0 + 2.0 33.3 + 1.2 8.7 + 1.2 265456 25.5456 32.6+6.7 4.0 +2.0 13.3 + 4.2 
Bone marrow 
Colonies * ND ND 146 + 18.1 65 +8 141 + 12 263 134 59 
No. of calls/colonyt — — 4.9 + 0.3 8.0 + 3.3 1.4 + 0.2 2.1 + 0.2 0.49 2.4 + 0.2 
HbF/cell (pg)t E E 4.3 ż 1.3 4.1 + 0.1 3.1 + 0.1 3.6 + 0.1 ND 2.1+0.3 
Total Hb/cell (pg) + = — — 16 + 3.4 15.7 17.9+0.6 17.1+ 1.9 10.8 0.2 
HbF (%)t = = — 26.9 26.4 17.3 21.3 19.7 
Peripheral blood 
Colonles* 271 +£ 17 234 +5 67 — 127 + 3.1 122 . 174 120 
No. of cells/colonyt 3.4 + 0.5 4.8 + 1.9 4.3 + 0.4 12.3 5.6 + 0.4 7.8 + 0.6 2.4 + 0.3 3.9 + 0.4 
HbF/call (pg) +t 2.5 + 0.3 2.3 + 0.2 5.4 + 0.1 4.82 4.2 + 0.2 3.8+0 3.0 + 0.1 3.7 + 0.2 
Total Hb/call (pg)t 14.2+41.2 13.6+ 1.6 23.0+0.7 19.242.3 15.7423 14940.7 109402 11.9+ 1.3 
HbF (%)+ 17.8% 17.2% 23.7% 25.1% 26.7% 25.7% 27.4% 30.7% 


Effect of a course of hydroxyurea at 50 mg/kg/day on hemoglobin F production in the peripheral blood end in BFU-E-darived erythroblasts of four SCA 
patients. Patients 1 and 2 were treated for 5 consecutive days, and patients 3 and 4 were treated for 3 days (day 1, first day of treatment). 
*Number of BFU-E—dsrived colonies/1 x 10° bone marrow or peripheral blood mononuclear calls. 


+Number of erythroid cells x 10°/BFU-E-derived colony. 


tPicograms of hemoglobin F, total hamogtobin, and percentage of HbF in BFU-E—derived calls. 
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Table 2. Effect of Hydroxyurea on Hemoglobin F Production in CFU-E-Derived Cells 








Patient 2 Patient 3 Patient 4 
Day 0 Day 8 Day O Day 4 Day 0 Day 4 
F Reticulocytes (%) 8.7 + 1.2 26.5 + 5.3 25.5 + 5.6 32.6 + 6.7 40+2.0 13.3 + 4.2 
CFU-E 
Colonies * 131 + 27.0 248 + 24 150 114 1,416 + 183 1,376 + 203 
No. of celis/cotony 285 418 260 520 148 273 
HbF/cell (pg) 2.1+0.2 2.0 + 0.4 3.0+0.1 2.9 2+0.2 1.3 04 1.2 40.1 
Total Hb/cell (pg){ 9.2 + 0.4 8.8+0.3 11.1 + 1.4 9.2 + 0.8 5.1 + 0.1 6.2 + 0.9 
HbF (%)t 22.8% 22.7% 27.0% 31.8% 25.3% 18.8% 


Effect of a course of hydroxyurea at 50 mg/kg/day on hemoglobin F production in the peripheral blood and in CFU-E—cerived erythroblasts. Patient 2 
was treated for 5 days, and patients 3 and 4 were treated for 3 days (day 1, first day of treatment). 

*Number of CFU-E -derived colonies/1 x 10° bone marrow cells assessed in methyl cellulose ipatients 2 and 3) or in plasma clot (patient 4). 

¢Picograms of hemoglobin F, total hemoglobin, and percentage HbF in CFU-E -derived cells assessed by radioligand assay. 


and 18 to 72 hours following completion. Results are shown 
in Tables | and 2. 

The effect of hydroxyurea treatment on the frequency of 
bone marrow and peripheral blood BFU-E~derived colonies 
18 to 72 hours after cessation of treatment was variable, and 
statistically significant changes in colony number were not 
observed. In every case, however, the number of erythroid 
cells per BFU-E-derived colony increased following treat- 
ment (Table 1) and this change was statistically significant 
(P < .05). Despite the increase in the number of cells per 
BFU-E-derived colony and the wide range of HbF programs 
in the patients under study, the treatment failed to induce 
any change in fetal or total hemoglobin production per 
BFU-E-derived erythroid cell. Results of assessment of the 
influence of hydroxyurea treatment on proliferation and 
hemoglobin production in CFU-E-derived colonies are 
shown in Table 2. Again, no significant change in CFU- 
E~derived colony number was noted. CFU-E colony size was 
consistently larger after treatment, but results were not 
statistically significant (P < .1), possibly due to small sample 
size. No influence of treatment on the HbF program was 
expressed in progenitor-derived cells. 

Influence of hydroxyurea on the hemoglobin F program 
in vitro. To assess the effect of hydroxyurea on the produc- 
tion of fetal hemoglobin by BFU-E—derived erythroblasts in 


a 


vitro, 0, 1, 5, 25, 50, or 100 wmol/L hydroxyurea was added 


to culture dishes from SCA patients on day 7. Results of 
three experiments are shown in Table 3. Although colony 
number decreased with increasing hydroxyurea concentra- 
tions, no significant increase in fetal hemoglobin content was 
noted. The percentage of fetal hemoglobin decreased in two 
of these experiments following hydroxyurea addition, possi- 
bly because of a toxic effect since maximum fetal hemoglo- 
bin synthesis in culture occurs at this time period.'* To 
determine whether the effect of hydroxyurea on hemoglobin 
synthesis is influenced by the stage of progenitor-derived cell 
maturation, the drug was added te peripheral blood BFU- 
E-derived cultures on days 3 through 13 of the culture 
period. It was added once to each dish and was not removed. 
A final concentration of 50 umol/L was chosen because this 
dose reduced the number of BFU-E-—derived colonies to 50% 
of control cultures when added on day 7, enough to demon- 
strate activity of hydroxyurea with a minimal cytotoxic 
effect. Addition of the drug at this concentration earlier than 
day 4 of culture resulted in significant inhibition of colony 
growth. Patients with a wide range of HbF programs were 
studied, including one AA adult, one AS parent, and five 
patients with SCA, three of them selected for their high HbF 
programs. Cultures of bone marrow BFU-E of two monkeys 
with elevated HbF programs were also studied. Results are 
shown in Fig 1. Despite addition of hydroxyurea on 9 
different days of culture to nine samples with variable HbF 


Table 3. Effect of Addition of Hydroxyurea to EFU-E-—Derived Calis 


Experiment 0 1 

Exp 1 

No. of calonies* 103 + 14 ND 

HbF (%)+ 10.4 ND 
Exp 2 

No. of colonies 20 +4 24+2 

HbF (%) 25.2 23.8 
Exp 3 

No. of colonies 26 + 1 26 +06 

HbF (9%) 14.1 7.4 


entertain iee peter art 


Concentration of Hydroxyurea (umol/.) 


revere hdres tt A LARRABEE A AALS 


5 25 60 100 
98:4 48 «8 24 +2 2+ 1 
9.1 12.7 10.3 ND 
13+ 1 10 +8 4+ 4 1441 
16.5 14,5 AD ND 
18 + 4 28 +1 20 +4 16+ 4 
8.9 18.9 8.7 6.2 


Effect of addition of O to 100 umoi/L hydroxyurea to day 7 BFU-E-darived colonies from the peripheral blood of three SCA patients. 
*Number of BFU-E -derived colonies/1 x 10° peripheral blood mononuclear cells, 
+Percentage of HbF in BFU-E-derived erythroblasts on day 14 calculated from measurement of picograrns of total and fetal hemoglobin per cell by 


radioligand assay. 
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Fig 1. Influence of hydroxyurea on the HbF program in vitro. 
Percentage of hemoglobin F measured by radioligand assay in 
peripheral blood or bone marrow (monkey only) BFU-E-derived 
cells following addition of hydroxyurea at a final concentration of 
50 umol/L to methyl cellulose cultures on days 5 through 13. Day O 
indicates contro! cultures to which no hydroxyurea was added. 
Cultures were continued for 14 days, and assays were then 
performed. 


programs, no significant effect of the drug on hemoglobin F 
production was detected. 

The effect of a transient exposure to hydroxyurea was 
studied by pretreating progenitor cells with 0, 5, 50, 100, and 
500 umol/L hydroxyurea for 18 hours prior to culture. 
Results of three experiments are shown in Table 4. No 
change in colony number was observed following this short 
exposure despite the use of tenfold higher hydroxyurea 
concentrations than those used in continuous exposure exper- 
iments. No statistically significant increase in fetal hemoglo- 
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Fig2. Influence of hydroxyurea and 6-Aza on peripheral blood 
BFU-E proliferation and fetal hemoglobin accumulation. Three 
patients were studied. The frequency of colonies (number/1 x 10° 
cells), the number of cells /BFU-E-derived colony, and percentage 
of fetal hamoglobin/BFU-E—derived cell were measured on day 14 
following addition of 60 pmol/L hydroxyurea or 0.01 mmol/L 
5-Aza to the cultures on days 4, 7, 9, or 11. Day 0 indicates control 
cultures to which no hydroxyurea was added. Shown are effects of 
the drugs on proliferation when added before day 12 of colony 
growth and lack of effect on HbF production. 


bin content was observed, although small increases in fetal 
hemoglobin content were noted in some of the treatment 
groups. 

Comparative influence of hydroxyurea and 5-Aza on 
peripheral blood BFU-E proliferation and hemoglobin syn- 
thesis. To compare the effect of hydroxyurea with that of 
5-Aza on the BFU-E-—derived erythroblast hemoglobin pro- 
grams, three patients were studied in more detail. Hydroxy- 
urea 50 pmol/L or 5-Aza 0.01 mmol/L was added to 


Table 4. Pretreatment of BFU-E With Hydroxyurea 


Hydroxyures (mol/L) 
Experiment 0 6 50 100 500 

Exp 1 

No. of colonles* 61+ 4 6224 28 +4 26 + 10 50 +8 

HbF/call (pg)t 3.6 + 0.3 2.3 + 0.2 4.0 + 0.4 2.8 + 0.3 4.6 + 0.4 

Total Hb/cell (pg)t 33.5 + 0.9 15.4 + 1.0 37.3 + 0.6 24.9 + 1.1 40.7 + 0.1 

HbF (%) 10.7 14.9 10.7 11.2 11.3 
Exp 2 

No. of colonies 16.3 +3 18+3 ND 23 + 16 18 +2 

HbF/cell (pg) 2.3 + 0.2 1.8 + 0.2 ND 3.1 + 0.1 2.44 0.2 

Total Hb/call (pg) 21.5 + 1.1 17.1 + 0.7 ND 19.9 + 0.4 21.0 + 1.4 

HbF (%) 10.7 10.5 15.6 11.4 
Exp 3 

No. of colonies 1441 18+8 12+ 1 1447 10+ 3 

HbF/ceil (pg) 0.8 + 0.1 0.7 + 0.1 2.0 + 0.2 3.1 + 0.1 ND 

Total Hb/cell (pg) 14.9 + 2.3 19.9 + 0.1 23.6 + 3.0 33.6 + 1.2 ND 

HbF (%) 5.4 3.5 8.5 9.2 


Effect on hemoglobin F production by BFU-E-~derived cells of pretreatment of peripheral blood mononuclear calls from three patients with SCA with O 


to 600 pmol/L hydroxyurea. 


*Number of BFU-E-derived colonies/1 x 10° peripheral blood mononuclear cells. 


+Percentaga HbF in BFU-E-derlved erythroblasts at day 14 calculated from measurement of picograms of total and fetal hemoglobin per call by 


radioligand assay. 
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cultures of the peripheral blood BFU-E of three SCA 
patients on days 4, 7, 9, or 11. The influences of these 
treatments on the number of BFU-E/1 x 10° cells, number 
of cells per BFU-E~derived colony, and the hemoglobin 
program expressed as percentage of fetal hemoglobin per 
BFU-E-derived cell were assessed; the results are shown in 
Fig 2. When added prior to or on day 4, colony growth was 
nearly obliterated and the effect on fetal hemoglobin synthe- 
sis could not be determined. The number of BFU-E-derived 
colonies and the number of cells per BFU-E-derived colony 
were decreased following addition of either cytotoxic drug to 
the cultures, demonstrating that both drugs were active. 
Despite this dramatic effect on progenitor proliferation, 
neither 5-Aza nor hydroxyurea influenced the percentage of 
fetal hemoglobin produced in the progenitor-derived ery- 
throid cells. Neither drug significantly altered the picograms 
of fetal hemoglobin per cell in treated colonies, even in 
cultures with decreased cell proliferation (data not shown). 


DISCUSSION 


The mechanism by which cell cycle-specific cytotoxic 
drugs stimulate HbF and F cell production are not known. 
Two broad hypotheses have been explored. One is based on 
drug-induced modifications of DNA (such as hypomethyl!- 
ation of globin promoter regions)*’ and the other on cytoki- 
netic considerations.” The two may be related. For example, 
we previously determined that changes in DNA methylation 
can occur asa result of administration of hydroxyurea as well 
as 5-Aza.° Hypomethylation and F cell production may both 
be secondary manifestations of drug-induced differentia- 
tion. 

To study this complex problem, we evaluated the effects of 
in vivo treatment with hydroxyurea on BFU-E and CFU- 
E-derived cells of four patients. Although the frequencies of 
CFU-E or BFU-E-derived colonies were not regularly 
affected, the proliferative capacities of these colony-forming 
cells were markedly enhanced without alteration in the 
quantity of HbF produced per progenitor-derived erythroid 
cell (the HbF program). Different results might have been 
obtained if additional points had been chosen for the study, 
but ethical considerations demanded that bone marrow aspi- 
rates be performed only twice. Because F reticulocytes 
remained elevated for 7 to 14 days after the posttreatment 
progenitor proliferation and HbF programs were assessed, 
we conclude that the sustained increase in F reticulocytes 
was not the result of a direct effect of the drug on the 
capacity of CFU-E or BFU-E-derived proerythroblasts to 
produce HbF. Rather, the data suggest that the drug 
influenced the number of proerythroblasts (and hence reticu- 
locytes) produced by each progenitor. 

We also assayed the percentage of fetal hemoglobin 
produced following treatment of maturing BFU-E-derived 
erythroblasts with hydroxyurea or 5-Aza in vitro. The ability 
of the radioligand assay of progenitor-derived cells to detect 
different HbF programs is clearly shown in Fig 1. The 
culture and assay system measures the accumulation of 
hemoglobins F and A following a 14-day period during which 
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erythroblasts are derived from progenitors and mature. Drug 
treatment of BFU-E-—derived erythroblasts as they mature in 
the culture permits analysis of the effects of treatment on 
erythroid cells that are nearly synchronized in a particular 
stage of maturation. This sharply contrasts with the treat- 
ment of bone marrow aspirates that contain cells of all stages 
of erythroid maturation. In addition, previous studies showed 
that this system has the capacity to detect factors that 
influence the quantity of feta’ and adult hemoglobin pro- 
duced per cell.'*'® Neonatal progenitor-derived erythroblasts 
alter the percentage of hemoglobin F made in vitro following 
coculture with sodium butyrate’? and y-interferon (y- 
IFN).'© Adult progenitor-derived erythroblasts have been 
shown to produce less fetal hemoglobin following coculture 
with y-IFN'® and more fetal hemoglobin following bromo- 
deoxyuridine treatment.'’ The data from the present study 
demonstrate that HbF production in progenitor-derived cells 
is not altered by treatment with hydroxyurea. Unlike other 
factors,’*'’ hydroxyurea cannot influence hemoglobin F pro- 
duction in erythroblasts directly derived from BFU-E. 

The present results do not support the simple cytotoxic 
hypothesis that we”’ and other researchers? have previously 
presented. We suggested that the drugs kill mature and 
rapidly dividing erythroblasts and progenitors, forcing their 
replacement with erythroblasts immediately derived from 
spared progenitors.'* Such progenitor-derived erythroblasts 
produce more fetal hemoglobin than do erythroblast-derived 
erythroblasts.” That concept was largely based on studies in 
simians in which the F ceil response is regularly preceded by 
transient reticulocytopenia and loss of mature marrow ery- 
throid progenitors (CFU-E).*’ Neither was observed in these 
human studies, Indeed, Dover et al recently observed that 
when hydroxyurea treatment resulted in marrow toxicity, 
hemoglobin production was Jess likely to increase.” SCA 
patients with minimal renal dysfunction exhibited the most 
cytotoxicity and the least F reticulocyte response to hydroxy- 
urea.” 

Our studies support a complex cytokinetic explanation for 
hydroxyurea-induced stimulation of the F reticulocyte 
response. Most erythroblasts present in normal marrow are 
not directly derived from progenitors but are instead the 
products of previous erythroblast division. f Normal marrow 
erythroblasts contain 20 pg hemogtobin/cell but <1 pg to 
undetectable quantities of HbF per cell, whereas erythro- 
blasts derived from normal per:pheral blood or bone marrow 
BFU-E and CFU-E contain 20 pg total hemoglobin, and I to 
2 pg fetal hemoglobin.'* A brief course of hydroxyurea in 
vivo may result in stimulation of the proliferative thrust of 
surviving progenitors and/or promote their premature differ- 
entiation into erythroblasts.’' Either event would increase 
the marrow fraction of progenitor-derived erythroblasts, 
which produce greater quantities of y globin than do erythro- 
blasts derived from erythroblasts. The extent to which the 
HbF per F cell rises in vivo is likely to depend on the inherent 
ability of the particular progenitor population to produce 
hemoglobin F. 

In summary, the studies we report demonstrate that 
hemoglobin F production in progenitor-derived erythroblasts 
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from AA, AS, and SCA individuals and monkeys is not 
directly altered in vitro by treatment with hydroxyurea. 
Treatment of SCA patients with hydroxyurea in vivo affects 
the numbers of progeny per erythroid progenitor but does not 
have any demonstrable influence on fetal hemoglobin pro- 
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duction per progenitor-derived erythroblast. Because 
hydroxyurea does not appear to reregulate fetal hemoglobin 
production-in differentiating erythroid cells, we propose that 
hydroxyurea secondarily enhances the synthesis of HbF by 
inducing alterations in erythropoiesis. 
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ô Glycophorin (Glycophorin B) Gene Deletion in Two Individuals Homozygous for 
the S—s—U— Blood Group Phenotype 


By C-H. Huang, K. Johe, J.J. Moulds, P.D. Siebert, M. Fukuda, and 0.0. Blumenfeld 


Blood celis from two unrelated individuals whose erythro- 
cytes exhibit respectively N S—s—U— and MN S-—s—U— 
blood group phenotypes were examined by immunoblot- 
ting. periodic acid-Schiff (PAS) staining. and Southern 
blotting. Protein bands characteristic of ô glycophorin 
(glycophorin B) were absent from the immunoblots of 
whole erythrocyte lysates when probed with polyclonal 
glycophorin antisera and from isolated erythrocyte mem- 
branes stained with PAS reagents. Genomic DNA from the 
two individuals’ leukocytes was digested with a panel of 
restriction enzymes and probed with a M glycophorin 
cDNA obtained from human K562 leukemic cell line. The 
EcoRI, Psti, and Kpni restriction site patterns were identi- 
cal to those of S+s+U+ controls in fragment numbers and 


LYCOPHORINS a and 6 (glycophorins A and B) are 
glycoproteins of the human erythrocyte membrane 
that carry the antigens of MNSs blood groups.'? Serologic 
family studies have established that aM and aN, as well as 
ôS and ôs glycophorins, are products of respective allelic 
genes.’ Chemical structural analyses identified amino acid 
substitutions that distinguish aM from aN glycophorins and 
those that specify ôS and ôs glycophorins.** The U blood 
group phenotype is serologically closely associated with the S 
and s determinants, but the structural association of the U 
antigen with 6 glycophorin is less clear”? 

Glycophorins aN and ô are highly homologous, being 
identical within the amino terminal 26 residues and sharing 
homologies in their remaining sequences*.'>°” Human a and 
6 glycophorin genes are closely linked on the long arm of 
chromosome 4.°°'° Recently, evidence obtained from aM 
glycophorin cDNA and oligonucleotide probes indicated that 
a and ô glycophorins are encoded by separate and distinct 
single copy genes, ? 

Although a number of variant MNSs blood group pheno- 
types have been identified by serologic studies,'?* few have 
been characterized by protein and carbohydrate structural 
analyses.'*”° To understand the genetic basis for the origin 
and expression of variant glycophorins, we have undertaken 





panera inser 


*Complete amino acid sequences of a and 6 glycophorins are 
shown in Fig I of ref 12. 
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relative size but differed from controls in band intensities. 
Restriction mapping with Hindili, Pvuil, Saci, Msp, and 
BamHi revealed that S—s—U-— individuals lack fragments 
that are reproducibly observed in S+s+U-+- controls, and 
most likely encode 6 glycophorin. Using truncated 5° and 3’ 
cDNA segments as probes and comparing, in control indi- 
viduals, hybridization intensities of fragments with amino 
acid sequence homologies, we have inferred the assign- 
ment of restriction fragments to the a and 6 glycophorin 
genes. Our results suggest that the absence of 6 glycopho- 
rin in the two S —s—U-— individuals is a result of deletion of 
the entire 6 glycophorin gene. This is the first report of a 
glycophorin gene deletion. 

© 1987 by Grune & Stratton, inc. 


studies on the organization of the glycophorin genes in 
individuals exhibiting variant MNSs phenotypes. In this 
report we present evidence derived from protein and genomic 
DNA analyses that erythrocytes of two unrelated individuals 
homozygous for the S—s —-U — blood group phenotype lack 6 
glycophorin as a result of a 6 glycophorin gene deletion. 


MATERIALS AND METHODS 


Blood samples. Blood samples from two unrelated S—s—U — 
donors (M.E.K. and M.L.A.) and certain controls (S +s+ U +) were 
provided by the Community Blood Center, Dayton, OH. Control 
blood samples were also obtained from laboratory personnel. The 
MNSsU blood group phenotypes of the variant erythrocytes 
were: donor M.E.K.. M-~N+S-—s—U--; donor M.L.A,, 
MANSU, Serologic typing was performed using sera 
available at the Consultation Laboratory of Gamma Biologicals. M 
and N status was tested with antisera from human, animal, and 
lectin sources. Anti-S, anti-s, and anti-U were human source 
reagents, and at least three samples of each were used. U-negative 
status was confirmed by absorption-elutian studies. 

Polyacrylamide gel electrophoresis {PAGE) and immunoblot 
analyses. Fresh erythrocytes were washed three times with phos- 
phate-buffered saline (PBS) containing inhibitors of proteolysis and 
lysed by mixing 0.025 mL packed erythrocytes with 0.75 mL lx 
(sodium dodecyl sulfate (SDS)-polyacrylamide gel) sample buff- 
er?” Ten microliters of the whole lysate was subjected to electro- 
phoresis on SDS-10% polyacrylamide gels.” Gels were blotted onto 
nitrocellulose as described by Towbin et al,” and glycophorins were 
visualized by autoradiography after consecutive incubations with 
one of two polyclonal rabbit antisera and then with "I-labeled 
protein A.” One antiserum was raised against intact a MN glyco- 
phorin, the second against the carboxyl terminal peptide of a MN 
glycophorin (peptide C, residues 82 through 131).% Whereas the 
glycophorin antiserum reacts with both a and å glycophorins, the 
antipeptide C serum detects only a glycophorin and shows no 
crossreaction with dS or 6s glycophorin. 

Erythrocyte membranes were prepared as previously described.“ 
To 0.50 mL membrane suspension was added 0.25 mL. 3x sample 
buffer and 10 aL subjected to electrophoresis. Gels were stained with 
Coomassie blue or periodic acid-Schiff (PAS) reagent. 

Genomic DNA restriction mapping analysis. Genomic DNA 
was isolated from the peripheral leukocytes of EDTA-anticoagu- 
lated blood as described by Kunkel et al” with minor modifications. 
All DNAs were larger than 50 kilobases (kb) using intact A DNA as 
marker. 
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Fig 1. (A) Partial restriction map of a glycophorin cDNA 
insert. Restriction endonucleases are denoted as P, Psti; M, Mbol; 
R. Asal; H, Hpall; and S, Saci. (B) Probes used for nucleic acid 
hybridization. Roman numerals designate probes. Probes | and Il 
were generated by Psti from glycophorin cDNAs, PHGpA-1, and 
PHGpA-3, respectively”: probes Ill through V were generated, as 
shown, by cleavage of pHGpA-3 with Pst, Rsal, and Saci. Numbers 
at beginning and end of each probe indicate amino acid residues of 
a glycophorin they encompass. cDNAs lack the codons of the last 
five residues of a glycophorin, which contains a total of 131 
residues. 


Genomic DNAs were digested with restriction endonucleases 
(New England BioLab, Beverly, MA; Boehringer Mannheim. Indi- 
anapolis), under conditions recommended by the manufacturers, ina 
ratio of 4 to 5 U enzyme/ug DNA at 37°C for 15 hours. Blotting 
transfer of DNA fractionated by agarose gel electrophoresis was 
performed as previously described.”* 

Recombinant plasmids, PHGpA-1, and pHGpA-3 harboring the 
glycophorin cDNAs, were isolated from transformed Escherichia 
coli RRI cells'* and further purified by cesium chloride density- 
gradient centrifugation as described.” A partial restriction map of a 
M glycophorin cDNA inserts was predicted from their nucleotide 
sequences (Fig 1A). The cDNA hybridization probes are depicted in 
Fig 1B (1 through V). The probes were removed from the plasmids 
by appropriate restriction enzymes, purified by electrophoresis in 
low-melting agarose (Bio-Rad, Richmond. CA) or 6% to 8% poly- 
acrylamide gels, excised and labeled with [a-?P]dCTP (Amersham, 


Fig 2. Glycophorins in erythrocytes and isolated 
membranes of S+s+U+ control and S—s—U~— vari- 
ants. (A and B) immunoblots of SDS 10% polyacryl- 
amide gels of intact erythrocytes probed with antise- 
rum to a@ glycophorin {in A) and antiserum to a 
glycophorin carboxyl terminal peptide C (residues 82 
through 131) (in B). (C) Schiff-stained gel of isolated 
membranes: (a) control M+ N+ S+s+U-+ individual: 
(b) donor M.E.K. (M—N+ S—s—U~—):(c) donor M.L.A. 
(M+ N+ S—s—U-—). Vertical numbers (left) refer to 
mol wt markers and glycophorin bands present in 
erythrocytes of the control individuals: the pattern of 
the control individual's erythrocytes is representative 
of > 100 individuals examined.” Bands 1 and 4 as well 
as PAS1 and PAS2 correspond to a glycophorin dimer 
and monomer; bands 3b and 6 correspond to å glyco- 
phorin dimer and monomer respectively; PAS3 corre- 
spond to ô glycophorin.” 
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Arlington Heights, IL) using random primers (Pharmacia, Piscata- 
way, NJ) and Klenow fragment of DNA polymerase | (Bethesda 
Research Laboratories, Gaithersburg, MD) as described by Fein- 
berg and Vogelstein.” The specific activities of these primer- 
extended probes ranged from 2.1 x 10° to 3.4 x 10° cpm/ ug 

Nucleic acid hybridizations were performed essentially as 
described.” The hybridization and washing techniques were stan- 
dardized as follows: To each blotted nitrocellulose filter (~200 cm’) 
was added 10 mL hybridization solution containing 5 x SSC 
(1 x SSC = 0.15 mol/L NaCl + 0.015 mol/L Na, Citrate, pH 
7.0), 5 x Denhardt (1 x Denhardt = 0.1% Ficoll, 0.1% polyvinyl- 
pyrrolidone (PVP) and 0.1% bovine serum albumin, BSA), 10 
mmol/L EDTA (pH 8.0) and 200 ug/mL sonicated salmon sperm 
DNA. Prehybridization was carried out at 65°C for ~ 10 hours; 
hybridization was carried out overnight at the same temperature, 
following addition to the hybridization solution of the appropriate 
radioactive probe at a final concentration of 4 to 5 x 10° cpm/ ml. 
Highly stringent washing conditions were as follows: 2 x SSC, 0.1% 
SDS at room temperature for 30 minutes and then at 60°C for 30 
minutes, and finally in 0.1 x SSC, 0.1% SDS at 60°C for | hour 
Occasionally, repeated hybridizations of a single nitrocellulose filter 
were carried out with different probes; in those cases. the bound 
probes were removed from the filter after each use by washing in TE 
buffer (10 mmol/L Tris, | mmol/L EDTA, pH 8.0) at 68°C for | to 
2 hours. The blots were exposed to Kodak XAR-S film against two 
intensifying screens at — 80°C for 3 to 4 days. 


RESULTS 


Absence of 6 glycophorin in S—s—U- erythrocyte mem- 
branes. Immunoblots show that the erythrocyte mem- 
branes of both S—s—U-~— individuals lack the ô glycophorin 
monomer and dimer bands (3b and 6) when compared witha 
normal control (Fig 2A). These bands are readily identified 
in the S+s+U+ control erythrocytes by reaction with 
antiglycophorin serum and lack of reaction with antipeptide 
C serum (Fig 2A and B).” The absence of å glycophorin 
characteristically located in the PAS 3 band (2) is also seen 
in membrane preparations stained with PAS reagent (Fig 
2C). 
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Fig3. Autoradiograms of Southern blots of EcoRI (A) and Psti 
(B) digests of genomic DNA of S+s+U+ controls (a) and 
S—s—U- individuals [(b) donor M.E.K., (c) donor M.L.A.]; 7.5 ug 
DNA was resolved by 0.8% agarose gel electrophoresis, blotted, 
transferred, and hybridized with probe Il (Fig 1B). Size markers for 
the restriction fragments (in kb) were the Hindili digests of A 
DNA. 


Genomic DNA restriction analysis, Genomic DNA of 
S+s+U+ control and S—s—U— individuals was first 
examined using restriction enzyme digestions and the & 
glycophorin cDNA insert from pHGpA-3 (probe II in Fig 
1B) as hybridization probe. For all enzymes used except 
Mspl whose digests exhibit a restriction fragment length 
polymorphism (RFLP)* (described below), restriction site 
patterns shown in control are representative of DNA of ~20 
M, N, S+,s+,U+ individuals examined. For all these 
enzymes, the possibility that differences in restriction site 
patterns in DNA of S—s—U — individuals might result from 
RFLP is therefore excluded. 

As shown in Fig 3, fragments of S—s -U— DNA digested 
with EcoRI and PstI are identical to those of the DNA of 
control individuals except for the weaker intensity of the 
smallest size bands; this was also observed in control and 
variant DNA patterns with Kpn I digests (gels not shown). 
In contrast, HindIII, Pvull, Sacl, Mspl, and BamIII diges- 
tions all demonstrated distinct restriction maps that showed 
the absence of specific bands in the DNA of S—s—U- 
individuals as compared with S+s+U + controls (Figs 4 and 
5). To identify fragments that encompass the amino (5’) and 
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carboxyl (3') terminal regions of œ and ô glycophorins, 
pHGpA-|! and -3 cDNAs as well as three truncated probes 
generated from them were used. The sizes of the respective 
fragments are listed in Table 1; hybridization patterns are 
shown in Figs 4 and 5. 

The restriction site patterns revealed by Hind III digestion 
and probe II hybridization show the absence in DNA of two 
bands 6.7 kb and 3.4 kb, in the S—s—U~— individuals as 
compared with the control. From hybridization patterns of 
S+s+U+ DNA with the 5’ and 3° specific probes, we 
conclude that these fragments may derive from ô glycophorin 
genes. (Table | and Fig 4A III and IV). The remaining 
Hind 111 fragments seen in the DNA of both S+s+U+ and 
S—s—U-— individuals most likely derive from the a glyco- 
phorin gene. 

The hybridization signals of the a glycophorin gene frag- 
ments are nearly equivalent, whereas those of bands absent 
in S-s—U— DNA differ significantly; under identical 
hybridization and washing stringency conditions, the inten- 
sity of the 3’ 3.4-kb fragment was consistently weaker than 
the intensity of the 6.7-kb amino terminus specific band (Fig 
4A III and IV). These intensity differences further support 
the assignment of the hybridizing bands, absent in 
S—s—U-— variants, to the ô glycophorin gene, because 
amino acid sequence homologies of «a and ô glycophorins are 
much more extensive in the amino terminal than in the 
carboxyl terminal region of the glycophorin polypep- 
tides*.*’*’ The remaining more strongly hybridizing bands 
found in both control and variant DNAs are correspondingly 
assigned to the œ glycophorin gene. These observations 
support the conclusion that æ and ô glycophorins are encoded 
by separate single-copy genes." 

Analysis of Pyull hybridization patterns led to a similar 
conclusion (Fig 4B III and IV and Table 1). The 7.3-kb 
fragment of a glycophorin hybridizes strongly with the 3’ 
probes but weakly with the 5’ probes. Because the latter 
probes encode the a glycophorin polypeptide through residue 
40 (Fig 1B), this suggests that an intron may be present in 
the vicinity of residues 35 through 40 and that the 7.3-kb and 
1.9-kb fragments may contain all the coding sequences for a 
glycophorin. 

SacI digestion shows the absence in S—s—U — individuals 
of a single 8.0-kb fragment (Fig 4C and Table 1). In the 
control, this fragment hybridized with all probes used, and as 
noted previously in Hind II] and Pyull digests, 5’ probes IH 
and V showed a much stronger hybridization signal than the 
carboxyl terminus-specific probe IV (Fig 4C). These obser- 
vations strongly suggest that the 8.0-kb fragment contains 
the total coding sequence for 4 glycophorin and may be large 
enough to include most of the noncoding sequences that 
immediately flank the 6 glycophorin gene. The presence of a 
single Sacl fragment indicates, in addition, that the Sacl site 
residing within the œ glycophorin coding region (Fig 1A) is 
eliminated in the 6 glycophorin gene. This is in agreement 
with the amino acid sequence data that suggests a deletion in 
ô glycophorin of codons 27 through 55 of a glycophorin*.’ 

Restriction analysis using BamHI and MspI revealed even 
larger size DNA deletions in the two S—s—U — individuals 
(Fig SA and Table 1). The MspI 14.2-kb fragment includes 
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Fig 4. Autoradiograms of 
Southern blots of Hindili (A), 
Pvuli (B) and Saci (C) digests of 
genomic DNA of S+s+U+ 
controls (a) and S -— s —U-- indi- 
viduals [(b) donor M.E.K., ic) 
donor M.L.A.|. DNA 7.5 ug was 
resolved on 0.8% agarose gels 
and hybridized with probes 
shown in Fig 1B. When blots 
were rehybridized with probe 
V, a pattern identical to that 
observed with probe {ll was 
obtained. Size markers as in 
Fig 3. 


the å glycophorin gene, but the 11.7-kb fragment is one of a 
pair of RFLP alleles (the other one being the 7.3-kb 
fragment) linked to the a N glycophorin gene.” The 14.2-kb 
fragment is analogous to the SacI 8.0-kb fragment in that it 
hybridized strongly with probe JHI but weakly with probe IV 





Fig 5. Autoradiograms of Southern blots of Mspi (A) and 
Bamtil (B) digests of genomic DNA of $+s+4+U+ control (a) and 
S--s—U— individuals: [(b) donor M.E.K., (c) donor M.L.A.]. DNA 
7.5 pg resolved on 0.8% agarose gel and hybridized with probe Ii 
(Fig 1B}. Size markers as in Fig 3. 


TW 


ote abge abt 


1833 


B C 
T m AA 


obce Obe He 


jid i Ww 
bc ope o- Pe 











(Table 1). The 14.2-kb MspI fragment most likely encom- 
passes the total coding sequence of 6 glycophorin gene. This 
is because the single cutting site for MspI, within the coding 
region of a glycophorin gene 


ACC GGA\ 


” 5 
codons 58 through 59 or Thr Gly 


Fi 
f 


may be absent in å glycophorin gene due to a different codon 
specifying 6 glycophorin at position 29. This residue in 4 
glycophorin is the position of the 6S/és allelic substitution, 
Thr and Met in és and 4S, respectively,’ and is aligned with 
Thr 58 (ACC), in a glycophorin*.””’ Assuming a single base 
Change between the codons, it is likely that the codon for 
Thr-29 in 6 glycophorin would be ACG, given the unique 
codon for Met, ATG. Such an ACG codon would indeed 
eliminate the MspI site. This conciusion is supported by our 
failure to differentiate SS, ss or Ss genotypes using MspI. 


DISCUSSION 


In this report, we provide evidence that two unrelated 
individuals who exhibit the S—s—U-— blood group pheno- 
type lack erythrocyte 6 glycophorin and that the absence of 
this protein correlates with deletion of the 4 glycophorin 
gene. This is the first documentation of a glycophorin gene 
deletion. This was concluded primarily from comparative 
restriction mapping of genomic DNA from control and 
variant donors using as probes previously cloned cDNAs and 
probes derived from different regions of these DNAs that 
encode defined amino and carboxyl terminal regions of a and 
6 glycophorins. Specific fragments were absent in five dif- 
ferent enzyme digests of S-s-~U-— DNA, that in control 
DNA hybridized with the 5’ or 3’ terminal probes or with 
both. The conclusion that the fragments missing in the 
variant individuals derived from 6 glycophorin gene was 
inferred primarily from our ability to relate, in controls, the 
relative intensities of bands in given digests to regions of high 
and low homology in the amino acid sequences of « and 6 
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Table 1. Genomic DNA Restriction Fragments of S$+s+U+ 
Control and S —s-~--U — Individuals: Hybridization of Restriction 
Fragments with cDNA Probes 


Ili and V** 
i* i {~ 22-40} iV 
=e (35-126) {— 22-126) {3-40} (62-126) 
Restriction Size MA ee ee ee | ee 


Enzymes {kb} Ct Vt C V C V c V 


Hindili 7.4 + + + + 
6.7 + e + 
3.7 + 4 + + + i 
3.4 ~ + ~ + m- 
2.56f + + + + 
1.8 + + + + 

Pvuli 7.3 + + + + + + + + 
6.7 + z + = - 
1.9 + + + + 
1.6 -4 e mi P 

Saci 96 + + d + + 
8.0 + ~ + E + 4 ~- 
6.4 + + + + 
3.1 + + + + + + 
2.7 + + 4 + 

Mspi§ 14.2 + = + - $+ = 
11.7 + + 
7.8 ND§ + + + + 
7.3 + + + + 
5.8 + + + -$ 


Probes described in legend to Fig. 1B. 

“Data observed with probes | and V are listed here but not shown in 
Fig 4. Numbers in brackets indicate amino acid sequence that probe 
encompasses. 

tC, $+s+U+ control, V, S~s—U— variant; {+} indicates presence 
and (—) indicates absence of corresponding fragment. 

{Fragment shows low intensity of hybridization with probes | and Il: 
its hybridization with the other probes was not detected. 

Restriction fragments for Mspt digests hybridized with probes Ili and 
IV not shown; hybridizations with probes | and V were not carried out 
(ND). 


glycophorins. This allowed us to assign fragments as origi- 
nating from the a or the ô glycophorin gene. 

This study complements previous findings’? and results in 
a more conclusive identification of the gene origin of restric- 
tion fragments. This became possible not only by comparison 
of control and variant maps, but also through the use of 
cDNA fragment probes. In contrast to previously used 
synthetic oligonucleotides that were complementary to a 
glycophorin cDNA sequences, the larger truncated probes 
could detect fragments derived from 6 glycophorin genes 
despite possible mismatches (that might prevent oligonucleo- 
tide hybridizations) arising from sequence divergence of a 
and 6 glycophorin genes. 

Our conclusion that the entire coding sequence of the 6 
glycophorin gene is deleted is based primarily on the absence 
in S—s~-U— donors of an 8.0-kb Saci and a 14.2-kb MspI 
fragment, fragments that were present in the S+s+U+ 
controls and hybridized with both the 5‘ and 3’ hybridization 
probes; additional evidence was provided by the absence in 
the other digests of one pair of fragments, one hybridizing in 
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control DNA strongly with the 5’ probe and the other with 
much less intensity with the 3’ probe. Although the sizes of 
the deleted fragments suggest that the entire 6 glycophorin 
gene is deleted, using the cDNA probes we cannot now define 
the total size or the 5’ and 3’ endpoints of the deletion. 

It became clear in the course of these studies that the 
restriction fragments observed in S—s-~--U ~ individuals orig- 
inated exclusively from a glycophorin. The patterns shown 
by these fragments and their assignment to the regions of a 
glycophorin they encode are similar to those noted previous- 
ly." In addition to these observations, however, the use of the 
5‘ and 3’ terminus-specific CDNA probes revealed in several 
digests two fragments that originate from the amino ter- 
minus of a glycophorin gene and in the Sacl digests two 
carboxy terminus-specific fragments. Our data indicate at 
least two exons in 6 glycophorin gene and suggest that the 
genomic organization of a glycophorin gene may be more 
complex. 

The S--s—U-— phenotype of erythrocytes of the two 
individuals examined here correlates with the lack of 6 
glycophorin in membranes of these cells; the demonstration 
that the 6 glycophorin gene is deleted from both chromo- 
somes in each individual provides proof that these pheno- 
types correlate with the genotypes of the donors: donor 
M.E.K., aN 6°/aN 6°; and donor M.L.A., aM 6°/aN 6°. 
Such a straightforward relationship may not necessarily be 
observed in all cases. Other mechanisms, including defects in 
transcriptional, translational, or posttranslational processing 
may be operative in other individuals of the S—s~U~ 
phenotype. 

The possibility of alternative origins for the phenotype was 
recently revealed through a study of a Dantu blood group 
variant.” As shown, erythrocytes of an individual exhibiting 
MN, Dantu, s+ phenotype lacked 6 glycophorin, despite the 
s+ phenotype. We have explained this apparent inconsis- 
tency by demonstrating that the Dantu variant glycophorin is 
a hybrid 6-@ structure, which evidently retains the s specific 
antigenic determinant in the 6 glycophorin portion of the 
molecule. It will be of interest to determine if the 6 glycopho- 
rin gene is deleted in Dantu individuals. The complexity of 
the glycophorin gene described here and further implied by 
our previous studies as well as by the presence of many 
serologically identified blood group variants, suggests that 
the glycophorin gene locus will be particularly informative in 
studies of human gene recombination. 

Gene deletion is a common mechanism underlying some 
human genetic disorders, most notably thalassemias.”? Cer- 
tain thalassemias occur in geographically defined groups of 
individuals, for which it has been hypothesized that the 
absence of a or 8 globin gene may have represented a 
selective advantage. It is therefore of interest that the 
S—s—U-— blood group phenotype is prevalent among 
selected populations, in particular among Blacks from cer- 
tain regions in Africa where the incidence of this phenotype 
is 1% to 35% as compared with an incidence of <0.001% in 
the white population. Our current studies are thus an impor- 
tant first step in understanding of the origin of the $ —s — U — 
phenotype. It remains to be shown whether this phenotype is 
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always characterized by the 6 glycophorin gene deletion and 
whether when the deletion occurs a single origin or multiple 
evolutionary origins are implicated. 
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Kinetic Evaluation of the Pool Sizes and Proliferative Response of Neutrophils 
in Bacterially Challenged Aging Mice 


By Gerald Rothstein, Robert D. Christensen, end Buddy Ray Nielsen 


Clinical observations during infection suggest that in aged 
patients, the kinetic or proliferative responses of neutro- 
phils to infection may be deranged. To test this hypothesis, 
the neutrophil responses of 6-month-old and 30-month-old 
mice were compared. After intrapulmonary injection of 
Escherichia coli, young mice exhibited neutrophilia and 
diminution of the neutrophil storage pool (NSP) by a mean 
of 6.4 x 10° neutrophils/two femurs. This was accompa- 
nied by an increase in the pool of CFU-GM from a control 
value of 1.1 x 10° cells/two femurs (range 0.7 to 1.4) to 
1.5 x 10° (1.1 to 1.9) (P < .05) and the thymidine suicide 
(relative proliferative rate) of CFU-GM rose from 27% (19 
to 42) to 51% (31 to 61) (P < .05). Furthermore, the 
CFU-GM of infected young mice displayed enhanced differ- 


O SUSTAIN an adequate neutrophil supply, an appro- 
priate balance must exist between the kinetics of neu- 
trophil release from the marrow, intravascular turnover of 
neutrophils, and the production of neutrophils by progeni- 
tors, An example of the changes that occur in this balance 
can be found during infection. In dogs infected with staphy- 
lococei, release of cells from the neutrophil storage pool 
(NSP) is accelerated acutely, resulting in an increase in the 
size of the blood neutrophil pool.’ In rats infected with 
streptococci, outflow of neutrophils from the NSP is suffi- 
cient to diminish the NSP appreciably.’ In compensation, the 
number and proliferative rate of progenitor cells increase and 
the marrow neutrophil reserve is restored.” Thus, the neutro- 
phil response to significant infection includes of a series of 
events: release of neutrophils from the marrow, an elevation 
of the blood neutrophil concentration, and the activation of 
homeostatic mechanisms by which the number and prolifera- 
tion of neutrophil precursors are increased to restore the 
neutrophil supply. 

Clinical observations suggest that in aged humans, the 
neutrophil response to bacterial challenge may be deranged. 
Murphy and Fine reported a high incidence of neutropenia in 
aged patients with bacteremic pneumococcal pneumonia and 
correlated neutropenia with an increased risk for mortality.’ 
Although not kinetically defined, these observations could 
reflect either disordered neutrophil release from the NSP, an 
increased marginal pool of blood neutrophils, or a diminished 
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entiation to the neutrophil series. In contrast, old mice 
exhibited a greater mean diminution of the NSP: 12.8 x 10° 
neutrophils. Also, old mice experienced a reductien in 
CFU-GM ‘rom 2.3 x 10° (1.0 to 3.9} (controls) to 1.3 x 10° 
(1.2 to 1.5)/two femurs (P < .05), a reduction in the 
proliferation of CFU-GM and reduced differentiation of 
CFU-GM to neutrophils. These experiments establish that 
the neutrophil response of irfected old mice is disordered, 
with exaggerated depletion of the NSP and lack of stimu- 
lus-driven granulocytopoiesis as reflected by a paradoxical 
reduction in the number and proliferative rate of precur- 
sors. This defect may be compounded by decreased differ- 
entiation of precursors to neutrophils. 

6 1987 by Grune & Stratton, inc. 


compensatory proliferative response. Such defects would be 
of clinical relevance, and the mechanisms responsible for 
them would be of basic biologic interest as well. 

For these reasons, we compared the response of young and 
old C57B /6 mice to a standardized challenge with Escheri- 
chia coli K1. The effect of bacterial challenge on the sizes of 
the various pools of neutrophils was evaluated, as was the 
ability of the animals to respond by accelerating neutrophil 
production. 


MATERIALS AND METHODS 


Animals. Six-month-old or 30-month-old male C57B1/6 mice 
were obtaired from Charles River Laboratories (Stone Ridge, NY) 
under the auspices of the National Institute of Aging. Each of the 
animals wes shipped in an individual one-mouse compartment and 
was housed individually at the University of Utah Vivarium until use 
within 1 to 6 weeks of arrival. When killed, animals were examined 
by autopsy for gross evidence of tumors, renal disease, hepatic 
disease, or inflammatory lesions. Animals exhibiting these abnor- 
malities were excluded from the study. 

Examination of the blood and hone marrow. Mice were narco- 
tized by CO, inhalation, and blood was obtained from the vena cava. 
The nuclezted cells were counted electronically, and differential 
counts of 100 cells were performed on Wright’s stained smears. 
Absolute concentrations of neutrophils were calculated from the 
nucleated cell counts and differentials. 

Bone marrow was flushed from both femurs according to the 
method of Chervenick and colleagues.* Cells were counted electroni- 
cally and 500-cell differential counts were performed, using 
Wright's stained smears and established criteria for identification of 
cells.* Absclute numbers of the various marrow cells were calculated 
from the nucleated cell counts and differentials. All studies of kemie 
cells involved killing the animal; consequently, no serial measure- 
ments were performed in individual mice. 

Cultures of CFU-GM. Cultures of CFU-GM were performed in 
35-mm plastic dishes, using semisolid methylcellulose medium in a 
manner previously described.’ Cultures contained 5% postendotoxin 
serum, a concentration that exerted maximal stimulatory effect for 
the formation of colonies from both young and old mice, Cultures 
were incubated for 7 days at 37°C in a 7% CO, atmosphere. Colonies 
(> 50 cells) were scored with the aid of a stereomicroscope. 

Thymidine suicide experiments were carried out in a manner 
similar to that described by Byron.* Marrow cells were incubated at 
37°C for 20 minutes in 2 ml of Hank’s Balanced Salt Solution 
(HBSS) containing 0.1 mCi *HTdR (New England Nuclear, North 
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Billerica, MA) with a specific activity 80 Ci/mmol. Corresponding 
control cells were incubated in an equivalent amount of 'HTdR. 
*HTdR uptake was inhibited competitively by adding 30 mL cold 
HBSS with 15% fetal calf serum (FCS) and 100 g/mL 'HTAR. The 
cells were centrifuged at 200 x g for 12 minutes and were washed 
twice in the HBSS-cold thymidine serum solution. The thymidine 
suicide was taken as the proportional decrement in colonies when 
CFU-GM were pretreated with “HTdR, as compared with 'HTdR. 

The morphology of colonies was examined by aspirating all clearly 
isolated colonies from culture dishes with a capillary pipette, and 
then smearing them on coverslips for Wright’s staining. Differential 
counts were performed on at least 50 cells for each colony; if 
sufficient numbers of cells were present, 100 cells were counted. 

E coli expressing the Ki antigen were kindly supplied by Dr 
Harry Hill, University of Utah. Organisms were grown overnight in 
Tryptic Soy Broth (TSB) and washed three times in phosphate- 
buffered saline (PBS) prior to resuspension at 10* to 10° CFU/yL in 
PBS for injection with a Hamilton syringe. Concentrations of E coli 
were estimated by measuring the absorbance of suspensions at 600 
nm, and the numbers of viable CFU were verified by quantitative 
culture in TSB agar. 

Data were evaluated statistically with Student's f test, the Wil- 
coxon rank-sum text, or the Fisher exact test. Considering the usual 
sample sizes of four to eight values, these maneuvers are effective in 
evaluating the validity of apparent differences but could fail to 
detect more subtle differences that might not achieve statistical 
significance with relatively small numbers of values. 


RESULTS 


Weights of the 53 young mice (33.34 + 0.32 g) 
(mean + SEM) and the 50 old mice (33.29 + 0.42 g) did not 
differ. 

Mortality after inoculation with E Coli. Six-month-old 
(young) animals were inoculated transthoracically into the 
right lung with 1 uL/g body weight of a PBS suspension 
containing various doses of E coli. All five animals that 
received 10° E coli/g died within 48 hours. Of ten mice that 
received 10°/g, six died within 48 hours, and the remainder 
survived until they were killed after 96 to 116 hours. No 
mortality occurred in 53 young mice or 50 old mice that 
received 10* E coli/g, nor were there any deaths among 17 
mice after injection with | wL/g of PBS. 

Effect of bacterial challenge {10° CFU/g) on circulating 
and marrow neutrophils. Four noninfected young mice 
displayed blood neutrophil concentrations of 1.6 x 10°/uL 
(0.7 to 2.1) (mean and range); four old controls exhibited 
neutrophil concentrations of 2.4 x 10° (2.0 to 2.9) 
(P = .057). The peak concentration of neutrophils was 
observed 2 hours after inoculation for both groups; four 
young mice had a peak of 3.3 x 10° (2.4 to 4.6) neutrophils 
per uL; four old mice exhibited a peak of 6.2 x 10° (3.3 to 
11.3)/uL (P = .057). After 6 hours, the neutrophil concen- 
trations for both groups had returned to their control 
ranges, 

The mean value for the marrow’s NSP (metamyelocytes 
plus band plus segmented neutrophils) of noninfected old 
mice was 47% larger than that for young control animals 
(Fig 1}. After bacterial inoculation, the NSP diminished to a 
similar absolute value for both groups (Fig 1). After 4 hours, 
however, the NSP of old animals was depleted by a mean of 
12.8 x 10° cells/two femurs (59% depletion); whereas the 
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Fig 1. Effect of E coli inoculation on the neutrophil storage 
pool. Means for groups of four to seven 30-month-old mice {O} and 
for four to eight 6-month-old mice (@). Brackets indicate SE. *P < 
.01 v 6-month-old controls; **P < .005 v 6-month-old mice at 4 
hours; ***P < .03 v 6-month old mice at 4 hours; and ¢P < 005 v 
30-month-old controls. 


young animals experienced a smaller depletion: a mean of 
6.4 x 10° cells/two femurs (43% depletion). Twenty-four 
hours after inoculation, the NSP of young animals had begun 
significant repletion; by 48 hours, the number of cells in the 
NSP had returned to the range of control values, In contrast, 
the NSP of old animals remained significantly smaller than 
that of noninfected controls, and was not repopulated even 
after 48 hours (P < .005). 

Four hours after inoculation, the pool of morphologically 
recognizable proliferative precursors (blasts. promyelocytes, 
and myelocytes) was unchanged in young animals, but after 
48 hours had increased to a mean of 145% of that for controls 
(P < .02) (Fig 2). In contrast, after 4 hours, the proliferative 
pool of old animals was reduced to a mean of 56% of the 
control value (P < .05) and remained depressed at 24 hours 
(Fig 2). Forty-eight hours after inoculation, old animals 
exhibited repletion of the proliferative pool to control values. 
As controls, 11 old mice and six young mice received 
injections of | uL PBS/g and did not exhibit neutrophilia or 
alterations in the marrow cellularity. 

Changes in the number and proliferative rate of CFU- 
GM. In young mice, the femoral pool size of CFU-GM was 
unchanged at 4 hours but after 48 hours, had increased to a 
mean of 145% of the control value (Fig 3). In old mice, the 
mean number of CFU-GM fell to 46% of the control after 4 
hours and remained reduced (55% of control) at 48 hours. 

The thymidine suicide of CFU-GM for eight young con- 
trol mice was 27% + 3%, and for 6 old control mice it was 
39% + 4% (P = 054) (Fig 4). Thereafter, bacteria! chal- 
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Fig 2. Effect of E coli inoculation on the proliferative pool of 
granulocytes (blasts, promyelocytes, and myelocytes). Means for 
groups of four to seven 30-month-old animals {O} designate the 
means for groups of four to eight 6-month-old animals. Brackets 
indicate SE. *P < .003 v 6-month-old controls; **P < .05 v 
30-month-old controls; and ¢P < .02 v 6-month old controls. 
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Fig 3. Effect of £ coli inoculation on the number of CFU-GM. 


Mean values for groups of four to seven animals, aged 30 months 
(O); mean values for groups of four to eight 6-month-old mice (@). 
Brackets indicate SE. *P < .04 v 6-month-old controls: **P < .05v 
30-month-old controls; and tP < .08 v 6-month-old controls. 
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Fig 4. Effect of E coli inoculation on thymidine suicide of 


CFU-GM. Means for groups of four 30-month-old animals (O); 
mean values for groups of four 6-month-old animals (@), Brackets 
indicate SE. *P < .04 v 6-month-old controis; **P < .002 v 
6-month-old controis; tP < .04 v 30-month-old controls, < .002 v 
6-month-old at 48 hours. 


lenge induced distinctive and different alterations in the 
thymidine suicide of CFU-GM from the two groups. After 4 
hours, the mean thymidine suicide of inoculated young 
animals had risen (P < .04), achieving a peak mean value of 
51% + 4% at 48 hours (P < .002 v control). In contrast, in 
old animals, the thymidine suicide of CFU-GM fell within 4 
hours and at 48 hours was still depressed as compared with 
that of 30-month-old controls (P < .04) or 6-month-old 
animals at 48 hours (P < .002). 

Next, the effect of a larger, ~50% lethal, bacterial inocu- 
lum was tested. Twenty-one young mice were given 10° E 
coli/g; 10 died within 48 hours. Six old mice received the 
same weight-standardized dose and three died within 48 
hours. Forty-eight hours after inoculation, CFU-GM from 
four young survivors and three old survivors were evaluated 
(Table 1). Young mice respended to the larger inoculum 
with an even greater increase in the number of CFU-GM as 
well as an increase in the thymidine suicide of CFU-GM. In 
contrast, old mice displayed a reduced population and thy- 
midine suicide of CFU-GM. In aged mice, the high dose of 
bacteria induced a significant further decrement in the 
number of CFU-GM as compared with the smaller nonlethal 
dose of 10°/g (P < .05) (Table 1). 

Morphological studies of the progeny of CFU-GM in 
vivo. Twenty-eight to 38 colonies were aspirated from 
7-day-old cultures and examined morphologically. In this 
way, the proportion of neutrophils within colonies was deter- 
mined for groups of three to four old or young animals. The 
data for control animals and for animals who had received E. 
coli 48 hours previously are shown in Table 2. With bacterial 
challenge, young animals significantly decreased the propor- 


NEUTROPHIL RESPONSE OF INFECTED AGING MICE 


Table 1. Effect of E coli inoculation on Number and Thymidine 
Suicide Rate of CFU-GM 


CFU-GM x 10°/2 Thymidine 
Mice Femurs Suicide (9%) 
6 months old 
Control (8) 1.1 (0.7-1.4) 27 (19-42) 
10°/E coli/g [7] 1.5 (1.1-1.9)* 51 (31-61)° 
10° E coli/g [4] 1.9 (4.8-2.1}4 49 (43-53)* 
30 months old 
Control (6) 2.3 (1.0-3.9) 39 (28-55) 
10*/E coli/g [4] 1.3 (1.2-1.5)* 24 (18-36)* 
10°/E coli/g [3] 1.0 (0.8-1.1) 28 (25-29}* 


Means are given for control mice and those injected with E col 48 
hours earlier. Ranges are shown in parentheses. Nurnbers of experiments 
in each group are shown in brackets. 

*P < 05 v control. 

tP < .05 v value for 10°/g E coli. 

{P = .028 v 10* E coli/g 30-month-old mice and 10° E coli/g 
6-month-old mice. 


tion of colonies devoid of neutrophils. In contrast, in old 
animals, the mean number of colonies with no neutrophils 
nearly doubled (from a control value of 24% to 46%). In 
addition, the proportion of colonies containing 34% to 100% 
neutrophils declined from 34% (control) to 11% in old 
animals inoculated with 10° E coli/g (P < .05), but did not 
change in the young mice. 


DISCUSSION 


In noninfected animals and humans, the production and 
utilization of neutrophils are balanced, so that relatively 
constant pools of proliferative and stored mature neutrophils 
are sustained.’ During infection, the system is perturbed. 
Cells are acutely released from the NSP into the blood, 
increasing the blood neutrophil pool and decreasing the size 
of the NSP.'“ In compensation, there is an increased prolifer- 
ative effort, and the neutrophil supply is restored.’ These 
kinetic and proliferative responses depend on an intact 
system of regulatory stimulators (or inhibitors) and target 
cells capable of an appropriate response. The present studies 
were carried out on the premise that during perturbation of 
granulocyte kinetics by a standardized infectious challenge, 


Table 2. Morphology of CFU-GM Colonies in Control Mice and 
Mice inoculated With £ Coli 48 Hours Previously 


6 Months Od 30 Months Old 
Ecoti  E cali E coli — E coli 
Neutrophils Control 10°/g 10"/g Controli  t0o'/g 10/9 
in Colonies (%) i386} (33) {33) {38} (32) (28) 
0 25% 18%  6%* 24% 31% 46%+ 
1-33 42% 42% 58% 42% 57% 43% 
34-66 19% 25% 21% 18% 9% 4%t 
67-100 14% 15% 15% 16% 3% 7% 


Values are for proportion of colonies in each category; numbers of 
colonies evaluated for the respective categories are shown in paren- 
theses. 

*P =< 05 v 6-month-old controls or 30-month-old 10°/g. 

+P < .05 v 30-month-old controls, P < .001 v 6-month-old 10°/g. 

tP < .03 v 6-month-old 10°/g. 
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the regulation of neutrophil kinetics and proliferation could 
be evaluated in groups of young and aging animals. 

First, we examined pool sizes and proliferation in the 
steady state. Femoral marrow was studied quantitatively, 
and the data were taken to reflect total marrow cellularity, 
since previous measurements indicate a similar marrow 
distribution in young and old mice.**’ The total marrow 
cellularity of old mice was greater than that of young 
animals. These data agree with those of Boggs et al 
Williams and co-workers also noted an increase in marrow 
cellularity in old mice, but this difference was not apparent 
when values were adjusted for the animals’ body weight.” In 
our experiments, the old mice also exhibited an increased 
NSP, an increased proliferative pool, and an increased pool 
of CFU-GM. None of these increases were due to differences 
in body mass, because young and old animals did not differ in 
weight. In addition, old mice exhibited an increased thymi- 
dine suicide of CFU-GM. Because the time for DNA synthe- 
sis is fixed in mammalian cells,’ an increase in thymidine 
suicide is considered a reflection of a shortened cell cyele 
duration and therefore an increased rate of proliferation. 
Thus, baseline neutrophil production may be greater in old 
mice as compared with young adult mice. 

After a nonlethal challenge with E coli (10*/g2), young 
mice exhibited a reduction in the NSP and neutrophilia as 
neutrophils were released into the blood. Then the population 
of immature granulocytes and of CFU-GM increased, and 
the thymidine suicide rate of CFU-GM also increased. The 
increase in proliferative effort is the consequence of stimulus- 
driven granulocytopoiesis, which facilitates repopulation of 
the NSP. 

Old mice exhibited a greater degree of neutrophilia than 
did young animals. Esposito and Pennington noted similar 
degrees of neutrophilia in 24-month-old and 6- to 8-month- 
old mice challenged with bacteria although the older mice 
exhibited slightly but consistently lower values.” We are 
hesitant to compare our results with theirs, however, because 
in the present study older mice and a different organism were 
used. In our experiments, inoculated old mice lost a greater 
number of neutrophils from their NSP, and the proportional 
depletion of the NSP was also greater. These data reflect an 
intact stimulus and response for neutrophil release, but one 
resulting in a greater degree of depletion of the NSP in old 
mice. Even so, neutrophil supply was not sufficiently cornpro- 
mised at the dose of 10*/g to induce neutropenia. Neutrophil 
counts were not measured after the high dose of E coll. 
Kinetically, the exaggerated depletion of the NSP is the net 
consequence of inflow of neutrophils to the NSP from the 
mitotic compartment and exit of cells into the blood. We did 
not directly measure neutrophil release, but our studies 
suggest that diminished proliferation contributes to the exag- 
gerated depletion and to delayed repletion of the NSP. In 
support of this, the population of immature granulocytes fell 
acutely in old animals and then returned to control levels 
rather than remaining stable and then rising as it did in 
young mice. The size of the pool of immature granulocytes 
was undoubtedly influenced by movement of immature cells 
into the NSP. This was accompanied by a reduction in the 
number of CFU-GM however, suggesting that reduced 
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inflow into the immature cell pool was also a factor. The 
significance of a reduced pool of CFU-GM appears to be 
compounded by a reduction in the differentiation of CFU- 
GM to the neutrophil series in vitro. In contrast, in tnocu- 
lated young mice, differentiation to neutrophils was 
increased. An even more pronounced fall in the number of 
CFU-GM was observed in old mice given the high dose of 10° 
E coli/g, whereas the high dose of E coli yielded a further 
increase in CFU-GM in young mice. The reduction in the 
pool of GFU-GM was not accompanied by an increase in the 
proliferative rate of CFU-GM, which actually fell after both 
the high and low doses of E coli. Therefore, inoculated old 
mice did not respond with increased granulocytopoiesis. 
Although the mechanisms responsible for this are not clear, 
candidate explanations include insufficient production of a 
necessary stimulator, production of an inhibitor of prolifera- 
tion, or hyporesponsiveness of precursors to stimulators. 

It has been proposed that during aging, mitotically capa- 
ble cells lose their ability to proliferate. Hayflick has demon- 
strated loss of replicative potential in senescent diploid cell 
lines, >" and Dell'Orco et al correlated the life span of 
fibroblasts with their number of cell doublings.'* In addition, 
Albright and Makinodan showed that hematopoietic stem 
cells from old animals produced relatively few spleen colonies 
in irradiated recipients.” Lipschitz et al demonstrated 
reduced numbers of CFU-GM, BFU-E, and CFU-E in 
elderly anemic subjects,'* and reduced iron incorporation by 
aged murine erythroid cells in vitro” and in vivo.” On the 
other hand, Boggs et al did not identify a proliferative defect 
in aging cells used to repopulate W/W” mice,” but reported 
a sluggish repair of anemia in phlebotomized aged mice.” 
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Williams et al reported a reduction in the numbers of 
BFU-E, CFU-E, and CFU-GM in 42-month-old (but not 
6-month-old) mice caged in groups.” This abnormality does 
not appear to be restricted to aging mice, however, since 
other researchers have reported a reduction in hematopoietic 
spleen colonies derived from 3- to 5-month-old mice housed 
in groups.” The kinetics of the neutrophil response and its 
effect on proliferation have aot been evaluated in group- 
housed mice, and the factors responsible for depressing 
precursors are not at all clear. In the present study, mice 
were shipped and housed singly. Despite these precautions, 
we cannot exclude the possibility that factors such as ship- 
ping (or other factors unknowr. to us) may have influenced or 
primed the hematopoietic system of aging mice, thus contrib- 
uting to their response to infection. 

We applied a standardized stimulus to evaluate neutrophil 
kinetics in bacterially challenged old mice. The response of 
old mice differed from that of young animals, and was 
characterized by (a) an exaggerated depletion of the NSP, 
(b) a paradoxical diminution of the pool sizes of CFU-GM 
and their progeny, (c) a paradoxical lack of accelerated 
proliferation of CFU-GM, and (d) a diminished differentia- 
tion of CFU-GM to neutrophils. These changes reflect an 
absence of the expected stimulus-driven granulocytopoiesis 
which appropriately increases the neutrophil supply in young 
mice. As yet, the effect of this abnormality on host resistance 
is unknown, although in the present short-term experiments, 
no increase was observed in the mortality of infected aged 
animals, We propose that the model of bacterially challenged 
aged mice may be useful in identifying the mechanisms 
responsible for these abnorma ities. 
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Homing Receptors on Human and Rodent Lymphocytes— Evidence for a 
Conserved Carbohydrate-Binding Specificity 


By L.M. Stoolman, T.A. Yednock, and S.D. Rosen 


Lymphocyte recirculation begins with the attachment of 
circulating cells to the structurally distinctive postcapillary 
venules of lymphoid organs termed high-endothelial 
venules (HEVs). In both rodents and humans, the attach- 
ment of lymphocytes to the HEVs of peripheral lymph 
nodes (PNs) on the one hand and gut-associated lymphoid 
tissues (GALTs) on the other appears to involve discrete 
adhesive structures on the surfaces of the interacting cells. 
In rodents, we previously showed that a carbohydrate- 
binding receptor at the lymphocyte surface participates in 


YMPHOCYTES continuously migrate from the blood- 
stream into lymphoid organs. This process distributes 
normal lymphocytes throughout the lymphoid system and 
may facilitate the dissemination of lymphoid malignancies. 
In peripheral lymph nodes (PNs) and gut-associated lym- 
phoid-tissues (GALTs) (ie, Peyer’s patches or appendix), 
transvenular migration begins with the attachment of circu- 
lating lymphocytes to postcapillary venules with a distinctive 
cuboidal endothelium (the high endothelial venules or 
HEVs). 

Several lines of evidence indicate that this adhesive inter- 
action is organ selective. In the rat, monospecific antisera 
have been developed that block the attachment of recirculat- 
ing lymphocytes to the HEVs of either PNs or GALTs.'? In 
the mouse’ and human’ systems, T cells as a population show 
preferential binding to the HEVs of PNs whereas B cells 
bind preferentially to the HEVs of GALTs. In addition, 
murine lymphomas have been identified that bind to the 
HEVs of PNs or GALTs with nearly absolute fidelity.” These 
data suggest that the attachment of lymphocytes to the 
HEVs of PNs on the one hand, and GALTs on the other 
involve different adhesive structures on the surfaces of the 
interacting cells. 

Candidate adhesion molecules on the lymphocyte surface 
(referred to as homing receptors) have been isolated from 
rodents. In mouse, a ubiquinated glycoprotein (gp) termed 
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the attachment to the HEV of peripheral nodes. The 
studies reported herein document the involvement of a 
similar receptor in the selective attachment of human 
peripheral blood lymphocytes to the HEVs of PNs. We 
argue that the close functional relationship between the 
human and rodent receptors indicates that this component 
of the adhesive interaction has been conserved through 
evolution. 

© 1987 by Grune & Stratton, Inc. 


gp 90mel-14 appears to be the PN-homing receptor.** In the 
rat, distinct gps with PN-HEVs and GALT-HEVs binding 
activities have been detected in thoracic duct lymph. Consid- 
erable evidence suggests that these factors are shed lympho- 
cytic homing receptors.”'° 

We have been interested in the biochemical basis of the 
adhesive interaction between lymphocytes and the HEVs. 
Previous work indicates that a carbohydrate-binding recep- 
tor on the lymphocyte surface participates in the attachment 
of rodent lymphoid cells to PN-HEVs in vitro t? and in 
vivo.” In the mouse, this receptor is either identical or closely 
related to gp 90 Mel-14.'* In addition, we have shown 
directly that carbohydrate moteties on the PN-HEVs are 
required for lymphocyte attachment. These results support 
the hypothesis that organ-selective migration across the 
PN-HEYV begins with the binding of a lectin-like receptor on 
lymphocytes to a carbohydrate-containing ligand on the 
endothelial surface. 

In this article, we present evidence that the attachment of 
human peripheral blood lymphocytes to PN-HEVs also 
involves a carbohydrate-binding receptor on the lymphocyte 
surface. The binding specificity of the receptor is similar to 
its counterparts on rodent lymphocytes. The preservation of 
carbohydrate binding specificity across species lines suggests 
that the recognition/binding domains of the adhesive struc- 
tures on lymphocytes and HEVs have been conserved 
through evolution. 


MATERIALS AND METHODS 
Chemicals 


Heparin (H3125), chondroitin sulfate (C3254), hyaluronic acid 
(H7630), all phosphorylated monosaccharides, bovine serum albu- 
min (BSA) (A7906), trypsin type IHH (18253), borax (B9876), boric 
acid (B0252), cyanogen bromide (C6388), cacodylic acid (C0250), 
disodium EDTA (ED2SS), Histopaque (1077), poly-L-lysine 
(P1524), clostridial neuraminidase (2133), and paraformaldehyde 
(P6148) were obiained from Sigma Chemical (St Louis). PPME, 
the polyphosphomonoester core from Hansenula hostii phospho- 
mannan, * was the generous gift of Dr M. E. Slodki (U.S. Depart- 
ment of Agriculture, Northern Regional Research Center, Peoria, 
IL). Lyophilized thrombin was obtained from Parke-Davis (Ann 
Arbor, MI). Fluorescent microspheres (0.6-um, FX, 112030-30) 
were obtained from Duke Scientific, (Palo Alto, CA). Minimal 
essential medium (MEM) (330-1435) and tricine (845-1398)-were 
purchased from GIBCO Laboratories (Grand Island, NY). Pow- 
dered FA buffer was obtained from Difco laboratories (Detroit). 
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Mouse anti-human monoclonal antibodies and FITC-labeled goat- 
anti-mouse IgG were obtained from Coulter Corporation (Hialeah, 
FL). 


Preparation of Cell Suspensions 


Rat cells. Lymphocytes were obtained from the cervical and 
mesenteric nodes of Sprague-Dawley rats (female, 180-200 g) after 
killing by CO, anesthesia and cardiac puncture. Thymocytes were 
obtained from the thymus after dissection away from parathymic 
lymph nodes. Cells were gently teased free of connective tissue, 
collected into MEM buffered with 40 mmol/L tricine (pH 7.4) and 
supplemented with 1 mg/mL BSA or 5% fetal calf serum (FCS) 
(assay buffer), washed, and resuspended as described for each 
procedure. All steps were carried out at 4°C. 

Human cells. Peripheral blood mononuclear cells (PBMCs) 
were fractionated from the peripheral blood of healthy volunteers 
using a discontinuous gradient of either Ficoll-Hypaque” or colloi- 
dal silica (Sepracell-MN; Sepratech, Oklahoma City). This proce- 
dure removed the bulk of granulocytes, RBCs, and platelets. 

Because excessive contamination by platelets resulted in cell 
clumping during the in vitro binding assay, the cell suspensions were 
purified further using one of two methods: (a) sequential 200 g, 10 
minutes, 4°C centrifugations in calcium, magnesium-free PBS 
(CMF-PBS), or (b) brief treatment with thrombin as follows. The 
mononuclear suspension prepared from 60 mL blood was diluted 1:1 
with Hank’s balanced salt solution (HBS) and centrifuged (~400 g, 
15 minutes). The pellet was resuspended in 2 mL of HBS; 10 uL of 
thrombin solution [1:20 to 1:100 dilution of frozen stock (100 
U/mL) in HBS] were then added to 1-mL aliquots of the cell 
suspension at room temperature. The suspensions were gently agi- 
tated (~30 seconds) and centrifuged briefly at 13,000 g to pellet the 
platelet—fibrin clumps. The mononuclear cells remaining in suspen- 
sion were pelleted (400 g, 2 minutes, 4°C), the supernatant was 
discarded, and the cells were resuspended in buffer containing 5% 
heat-inactivated FCS. Indirect immunofluorescence with T11 (pan- 
T cell), B1 (pan-B cell), and MO1 (monocyte and granulocyte 
specific) mouse—anti-human monoclonals indicated that PBMC 
suspensions prepared with either method contained >90% lympho- 
cytes, predominantly mature T cells (data not shown). 

T cell lines, isolated after allogeneic stimulation of PBMCs, were 
provided by Dr Bruce Richardson (Department of Internal Medi- 
cine, University of Michigan). Lines were maintained in RPMI 1640 
supplemented with 10% calf serum and interleukin 2 (IL 2), pH 7.4, 
with restimulation by irradiated allogenic PBMCs at 2-week inter- 
vals. Cells were harvested during log-phase growth, washed, and 
resuspended in assay buffer. 

HEV binding assay. The binding of lymphocytes to the HEVs of 
rat lymph nodes was determined essentially as described previous- 
ly. In brief, suspensions of rat or human lymphocytes were preincu- 
bated (15 minutes, 4°C) in the presence of test substances or buffer 
alone. The suspensions (10 x 10° cells/mL unless otherwise speci- 
fied) were then applied to paraformaldehyde-fixed, frozen sections 
of rat cervical lymph nodes and gyrated (60 rpm) at 7 to 10°C for 30 
minutes. The cell suspensions were then gently decanted, and the 
sections were fixed in glutaraldehyde (3% in PBS, 20 minutes, 4°C) 
and stained with toluidine blue. In some experiments, sections were 
dipped in PBS several times prior to staining to remove unattached 
cells. The affinity of lymphocytes for HEVs was determined by 
measuring the average number of lymphocytes bound to HEVs per 
200x microscopic field. The binding after experimental treatment is 
expressed as the percentage of binding relative to that in the control 
(cells exposed to buffer alone). This method of analysis facilitated 
the pooling of data from independent experiments conducted under 
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the same conditions. SEM for this procedure varied from 10% to 
30%. 

The binding of human lymphocytes to the HEV of human lymph 
nodes was determined as above except that PBMCs were routinely 
preincubated with neuraminidase (0.005 U, 30 minutes, 37°C) 
before binding assays were conducted. This treatment enhanced the 
adhesive interaction between human lymphocytes and human HEVs 
without altering specificity (described in the Results section). 
Human peripheral lymph nodes were snap-frozen in OCT and stored 
at —70°C until use (2 weeks to 2 months). Only surgical biopsy 
specimens showing normal or hyperplastic histology were used in the 
binding assay. 

PPME-bead assay. The conjugation of PPME, the polyphos- 
phomonoester core polysaccharide derived from the yeast Hanse- 
nula holstii, to fluorescent microspheres and the procedure for 
measuring the attachment of conjugated beads to lymphocytes has 
been presented in detail elsewhere." In brief, 3 to 7 mg PPME was 
reacted with cyanogen bromide (100 mg/mL) in distilled water. The 
pH of the reaction was monitored and maintained at ~11 by the 
dropwise addition of NaOH (0.5 mol/L). The cyanogen-bromide— 
activated PPME was separated from free cyanogen bromide over a 
G50 Sephadex column in borate buffer (0.2 mol/L, pH 8.0, room 
temperature), The 2 to 3 1-mL fractions with the highest concentra- 
tion of carbohydrate (determined by the phenol-sulfuric assay) were 
pooled, diluted 1:10 with borate buffer, and added to 0.6 um 
microspheres (100 nL/1 mL PPME solution). After two-24 hour 
incubations at room temperature, the conjugated beads were washed 
in distilled water, aliquoted, snap-frozen in liquid nitrogen, and 
stored at —70°C until use. Conjugated beads prepared in this 
manner may not withstand long-term storage. Some preparations 
lost cell binding activity completely within 2 weeks. Therefore, 
experiments were conducted with freshly thawed aliquots within 7 to 
10 days of preparation. 

Prior to use, the beads were sonicated to disrupt clumps, washed, 
and resuspended in assay buffer. The binding assay was initiated by 
adding 50 uL PPME-beads to 5 x 10° cells in flat-bottomed, 96-well 
microtiter plates (200 4L final volume; beads diluted 1:32 relative to 
stock solution). The plates were centrifuged and then allowed to 
incubate undisturbed for 60 minutes on ice. Cells with attached 
beads were resuspended, separated from free beads by centrifuga- 
tion through a 6% BSA solution, and fixed in 1% paraformalde- 
hyde. 

Cell-associated fluorescence was quantified on a Coulter Epics V 
flow cytometer. A narrow low-angle light-scatter gate, set on a 
control population of cells without attached beads, excluded both cell 
clumps and free beads from the analysis. A wide 90° light-scatter 
pate was set to assure that cells with large numbers of attached beads 
would not be excluded from the analysis. Fluorescence histograms of 
5 to 10,000 cells, expased to either PPME-conjugated or nonconju- 
gated beads, were collected. The fluorescent signal in the latter 
population was taken as a measure of nonspecific bead attachment 
and subtracted from the signal measured with PPME-beads (EASY 
analytic software, Coulter Corp, Hialeah, FL). 

The binding of beads to lymphocytes was characterized by 
measuring both the percentage of fluorescing cells (those with one or 
more beads attached) and the amount of fluorescence per cell (a 
measure of the number of beads per cell). Perturbation of the 
adhesive interaction altered one or both of these parameters. There- 
fore, a unitless measure of specific bead binding——the product of the 
percentage of fluorescing cells and the mean fluorescence channel 
number for the entire population (SBI)}—1was calculated for each 
experimental condition. The degree of bead binding in experimental 
samples was expressed relative to that in control samples (cells 
exposed to conjugated beads in the absence of additives). 
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Cell Treatments 

Trypsin. Cells were harvested, washed, and resuspended in 
Dulbecco's PBS. The trypsin digestion was conducted in PBS (10 
minutes at 37°C). The reaction was terminated by the addition of 
excess cold assay buffer. The cells were washed and resuspended in 
assay buffer and used immediately in binding assays. 

EDTA. Prior to the HEV and bead binding assays, cells and 
beads were washed and resuspended in MEM containing 2 mmol/L 
disodium EDTA with or without an additional 3 mmol/L calcium or 
magnesium chloride. The HEV binding assays were initiated by 
adding cell suspensions directly to tissue sections. The bead-binding 
assay was initiated by combining cells and beads as described 
above. 

Carbohydrates. Cell suspensions were incubated (15 minutes, 
4°C) with carbohydrates prior to the start of the HEV or bead- 
binding assays. The HEV assays were initiated as described above. 
Carbohydrates were present throughout the incubation period at the 
concentrations specified for each experiment 


rece \ 


hs 


Si tty 





STOOLMAN, YEDNOCK, AND ROSEN 


Neuraminidase. Gradient-purified human PBMCs were incu- 
bated (1 x 10’ cells/mL, 30 minutes, 37°C) with neuraminidase 
(0.005 U final concentration in CMF-PBS). The suspensions were 
subsequently washed in cold assay buffer, resuspended at 5 to 10 x 
10° cells/mL, incubated 15 minutes on ice, and then used in 
lymphocyte-HEV binding experiments. Enzyme treatments were 
conducted immediately after gradient separation and before expo- 
sure to potential inhibitors of the lymphocyte binding interactions 
(eg, carbohydrates or EDTA). 


RESULTS 


The adhesive interaction between human lymphocytes and 
the HEVs of lymph nodes from humans and rats were 
examined using an in vitro assay adapted from the work of 
Stamper and Woodruff.” We used rat PNs as the routine 
source of HEVs since previous reports indicated that rodent 
tissues Can substitute for analogous human tissues in the in 
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Fig 1. Human PBMCs adhering to the HEVs of 
human (A) and rat (B) peripheral lymph nodes. 
Exogenous PBMCs (dark cells 7 to 10 um in diame- 
ter) bind to HEVs (vascular structures with defined 
lumena and prominent lining cells). In contrast to 
the HEVs, rat sinusoids (not shown) bind signifi- 
cant numbers of both erythrocytes and lympho- 
cytes, indicating that adhesion to this structure is 
less specific. 
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vitro adhesion assay.”'”? Nonetheless, critical experiments 
were performed with both human and rat lymph nodes as 
targets. 

Human lymphocytes bound avidly and specifically to the 
HEVs of paraformaldehyde-fixed, frozen sections of both 
human and rat lymph nodes (Fig 1A and B). The density of 
binding over the HEVs was at least 50-fold greater than that 
to most other regions. This binding interaction could be 
enhanced by pretreating PBMCs with neuraminidase (Table 
1). Such pretreatment did not alter the specificity of inhibi- 
tors such as mannose-6-phosphate (M6P) or EDTA (data 
not shown); it simply increased the baseline density of 
lymphocyte binding to the HEV. 

When tested in parallel at the same cell concentrations, 
human PBMCs bound 50% to 70% as well as rat nodal 
lymphocytes to rat HEVs. The magnitude and reproducibil- 
ity of the binding to rat HEVs far exceeded that to human 
material, however, and may reflect the lability of the binding 
sites on HEVs. Rat lymph nodes were snap frozen immedi- 
ately on removal from the animal and used within hours. 
Human material could not be frozen as expeditiously, and 
several weeks generally elapsed before tissues were available 
for experimental use. 

As previously described for rodent lymphocytes, the bind- 
ing of human lymphocytes to rat HEVs was calcium depen- 
dent and trypsin sensitive (Fig 2). Chelation of divalent 
cations with 2 mmol/L EDTA reduced binding by 70%, the 
addition of 3 mmol/L Mg’* increased attachment toa slight 
degree whereas the same concentration of Ca’* returned 
binding to control levels. A 10-minute preincubation of 
lymphoid cells with 20 ug/mL trypsin reduced binding by 
70% whereas 40 pg/mL eliminated binding completely. 

The capacity to attach to rat HEVs was not a characteris- 
tic of all human lymphocytes examined. Two IL 2- 
dependent, T4-positive lymphoid lines failed to bind (Fig 2). 
In contrast, Navarro et al reported that IL 2-dependent T 
cell lines bound to human PN-HEVs.” This discrepancy may 
reflect the fact that we examined interspecies rather than 
intraspecies adhesion. Alternatively, the lines we used may 
be at a stage of differentiation or proliferation at which the 
homing receptors were not expressed. Such a relationship has 
been demonstrated in the murine system. Specifically, 
immature lymphocytes isolated from the thymus,” B lym- 


Table 1. Binding of Human Lymphocytes to Human HEVs 





Neuraminidase Treatment 


Additive {—} {+} 


None 0.7 2.9 
Mannose 1 P 0.3 3.5 


Mannose 6 P 0.035 0.8 


Human PBMC were isolated frorn peripheral blood as described in the 
Materials and Methods section. After preincubation (with or without 
0.005 U Clostridium perfringens neuraminidase as described in the text), 
5 x 10° cells/mL were layered on fixed, frozen sections of human 
peripheral lymph nodes. The mannose-phosphates were present at a 
concentration of 5 mmol/L. Cell binding to HEVs is reported as the 
number of cells attached to HEVs per 200 x microscopic field. Neuramin- 
idase treatment also enhances the binding of human PBMCs to HEVs of 
rat lymph nodes (data not shown). 
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Fig 2. Binding of human PBMCs to rat HEV-—divaient cation 
requirements, trypsin sensitivity, and the interaction with two T 
cell tines. Three independent experiments are shown. The first 
three bars show the effects of EDTA (2 mmoi/L in assay buffer) 
with or without additional magnesium or calcium chioride. The 
next two bars demonstrate the effect that brief trypsinization of 
the lymphocyte has on their binding activity. The last two bars 
show the binding activity of two T4-positive T ceil lines collected 
during log phase growth. Data in each of these experiments are 
expressed as binding relative to untreated PBMC in assay butter 
alone. Mean and SEM for each data point were based on four 
replicate samples. 


phoblastoid cells isolated from germinal centers of lymph 
nodes,” and a variety of IL 2-dependent lymphoblastoid cell 
lines” failed to express the Mel 14 antigen, bind to HEVs in 
vitro, or recirculate in vivo. Therefore, the expression of 
murine homing receptors appears to be regulated. The 
nature and extent of such regulation in the human requires 
further study. Nonetheless, the two human lines were useful 
negative controls in subsequent experiments. 

We next examined the effects of various monosaccharides 
and polysaccharides on the human PBMC-HEYV binding 


Tabie 2. Binding of Human Lymphocytes to HE Vs: 
inhibition by Carbohydrates 
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Carbohydrate Human Rat 
Monosaccharides 
Mannose 6 P 36 (9.5) 14 {5} 
Mannose 1 P 84 (8.5) 40 (70) 
Fructose 6 P a 101 {22} 
Fructose 1 P van 15 (5) 
Glucose 6 P _ 64 i7} 
Glucese 1 P — 51 (24) 
Polysaccharides 
PPME 14 (3.4) 0.5 {0,25} 
Fucoidin 15 (4) 2 (4) 
Heparin 89 {20} 85 (22) 
Chondraitin sulfate 971 (18} 94 (9) 
Hyaluronic acid oe 72 (15) 
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Human PBMCs were prepared as described in the Materiais and 
Methods section: 1 x 10’ cells/ml were incubated over sections of 
either human or rat peripheral lymph nodes, with or without added 
carbohydrates. All monosaccharides were present at 5 mmol/L concen- 
tration. Polysaccharides were at 0.1 ug/ml in experiments with human 
tissue sections and 1.0 ug/ml in experiments with rat tissue sections. 
The means and SEM (in parentheses) for binding relative to the buffer 
control were based on a minimum of four replicates. 
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interaction using both rat and human HEV as targets. In 
keeping with previous observations in both the rat and mouse 
systems,'”'® the attachment of human lymphocytes was 
inhibited by M6P, the M6P-rich mannan PPME and the 
sulfated, fucose-rich polysaccharide fucoidin (Table 2). 
Mannose-|-phosphate (MIP) and a variety of anionic poly- 
saccharides that contain neither fucose nor mannose residues 
showed significantly less activity. In addition, fructose-|- 
phosphate, a structural homologue of M6P, inhibited attach- 
ment to rat HEVs whereas fructose-6-phosphate and the 
glucose-phosphates had minimal activity. Thus, human and 
radent lymphocytes appeared to use similar carbohydrate 
binding receptor(s) to attach to HEVs. 

The presence of this receptor was confirmed with fluores- 
cent microspheres covalently linked to PPME (PPME- 








% POS MCN $81 
57 186 106 


% BINDING SBI 
RELATIVE = cay 
T0 SBI 


CONTROL 


Fig 3. Binding of PPME-conjugated and nonconjugated fluo- 
rescent beads to PBMC. {A through C} Fluorescence intensity 
{256 channels; three-decade log scale) is plotted on the x-axis, and 
the number of cells at each intensity level is registered on the 
y-axis. {A} Distribution of cell-associated fluorescence with 
PPME-conjugated beads. (B) Distribution of fluorescence with 
nonconjugated beads. (C) Subtraction histogram (A and B) gener- 
ated by the IMMUNO analytic software (described in Materials and 
Methods section). The percentage of the cell population with 
attached beads {% POS), the mean channel number of the fluores- 
cence distribution (MCN) and the specific binding index (SBI) are 
calculated from the subtraction histogram: % binding relative to 
control is the measure used to compare the effects of the various 
experimental conditions. 
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beads). As shown in Fig 3, PPME-beads bound avidly and 
specifically to human PBMCs. In general, 45% to 75% of the 
PBMCs bound to PPME-conjugated beads whereas <5% 
bound to the nonconjugated beads. The percentages of cells 
that bound PPME-beads (% POS) and the average number 
of PPME-beads/cell (MCN) varied considerably from one 
experiment to the next. This variability may reflect batch- 
to-batch inconsistencies in the conjugation process, leaching 
of PPME from the bead surface during storage, or modula- 
tion of the receptor on the PBMC surface. Physiologic 
parameters that may alter the expression of the carbohydrate 
binding receptor(s) are currently under investigation. 

The binding of human PBMCs to PPME-beads paralleled 
the PBMC-HEV adhesive interaction in several respects. 
First, PPME-bead attachment was calcium dependent and 
trypsin sensitive (Fig 4). Second, the two T cell lines that 
failed to attach to rat HEV also failed to express receptors 
for PPME-beads (Fig 4). Third, the monosaccharide and 
polysaccharides that inhibited binding to HEV were also 
effective against PPME-beads (Table 3). Finally, the dose— 
response curves for the mannose-phosphates, PPME, and 
fucoidin revealed identical relative potencies in the two 
adhesion assays. Specifically, M6P was four to fivefold more 
potent than MIP as an inhibitor of attachment to both HEV 
and PPME-beads (Fig 5), whereas fucoidin and PPME were 
equally potent in both assays (Fig 6). 

These results parallel those reported by us in mouse'® and, 
in Table 4, we report similar findings in the rat. Specifically, 
the attachment of PPME-beads to rat cervical lymph node 
lymphocytes was calcium dependent, trypsin sensitive, and 
inhibited to a greater extent by M6P than MIP. Thymo- 
cytes, a nonrecirculating population of cells that do not bind 
to the HEVs,* showed minimal binding to the PPME- 
beads. 


DISCUSSION 


in summary, the attachment of normal human PBMCs to 
PN-HEVs involves a carbohydrate-binding receptor with 
affinity fer M6P and related compounds. Direct analysis, 
using fluorescent microspheres derivatized with a high- 
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Fig 4. Binding of PBMCs to PPME-conjugated beads-divalent 
cation requirements, trypsin sensitivity. and the interaction with 
two T call lines. The assay was conducted as described in the 
Materials end Methods section and the legend to Fig 2. Means and 
SEM were based on a minimum cf four replicate samples. 
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Table 3. Binding of Human Lymphocytes to PPME-Baads: 


Inhibition by Carbohydrates 
Binding Relative 
Carbohydrate to Control 

Monosaccharides 

Mannose 6 P 19 (5) 

Mannose 1 P 97 (22) 

Fructose 6 P 96 (3) 

Fructose 1 P 35 (7) 

Glucose 6 P 91 (5) 

Glucose 1 P 86 (6) 
Polysaccharides 

PPME 16 (8) 

Fuccidin 2 (1) 

Heparin 74 (10) 

Hyaluronic acid 81 (7) 

Chondroitin sulfate 92 {7) 


Effects of carbohydrates on the binding of human PBMCs to PPME- 
conjugated beads. All monosaccharides were present at 6 mmol/L: 
PPME and fucoldin at 1 ug/mL; heparin at 10 ug/mL; chondroitin sulfate 
and hyaluronic acid at 100 ug/mL. Maans and SEM (in parentheses) were 
based on a minimum of four replicate samples. 


affinity polysaccharide ligand (PPME), reveals that the 
receptor is functionally similar to those on rat and mouse 
lymphocytes. Therefore, the attachment of human, rat, and 
mouse lymphocytes to lymph node HEVs involves a lectinlike 
receptor on the lymphocyte surface in each species. 

Jalkanen et al recently reported antigenic crossreactivity 
between murine and human PN-homing receptors.” In addi- 
tion, Mel 14 (a monoclonal antibody specific for the PN- 
homing receptor of murine lymphocytes)® blocked the 
attachment of human PBMCs to the HEVs of both human 
and murine lymph nodes but not to the HEVs of GALTs. In 
addition, we recently showed that the MEL 14 antigen is 
closely linked or identical to the carbohydrate-binding recep- 
tor on murine lymphocytes and lymphomas." Therefore, the 
activity of MEL-14 in the human system further supports the 
proposal that PN-homing receptors are highly conserved 
cell-surface lectins. 

The fact that the same spectrum of carbohydrates inhibits 
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Fig 5. Dose-response curves for mannose phosphates effects 
on human PBMCs attachment to HEVs {A) and to PPME- 
conjugated beads {B}. Each data point is pooled from 8 to 14 
replicates collected from two to four independent experiments. 
The level of significance (based on Student's distribution) for the 
differences between M1P (4) and M6P (@) Is recorded in paren- 
theses adjacent to the data points for the latter. 
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the attachment of human PBMCs to HEVs from either 
human or rat peripheral lymph nodes suggests that the 
ligand for the PN-homing receptor on the HEVs is similarly 
conserved during evolution. Previous studies have reached 
similar conclusions. Jalkanen et al isolated EBV-trans- 
formed human lymphoblastoid lines that show identical 
tissue binding specificities toward human and mouse 
HEVs.*! Woodruff et al reported a polyclonal rabbit anti- 
human lymphocyte antibody that blocks the attachment of 
human PBMCs to the HEVs of human tonsil and rat cervical 
lymph node.” This antibody failed to inhibit the attachment 
of human PBMCs to rodent mesenteric lymph nodes. Thus, 
several independent investigations indicate that the organ 
selective determinants on HEVs are preserved across species 
lines. 

Neuraminidase-treated PBMCs were used to enhance the 
sensitivity and reproducibility of the human lymphocyte- 
human HEV binding assay. Although not used extensively in 
the current study, this treatment similarly accentuated spe- 
cific binding to both rat HEVs and PPME-beads (data not 
shown). Therefore, it has become our standard method for 
conducting all binding assays with human PBMCs. 

Mild neuraminidase treatment appeared to enhance adhe- 
sion without altering the interaction of the PN-homing 
receptor with carbohydrate ligands. This is in keeping with 
the work of Samlowski et al showing that the murine 
PN-homing receptor functions normally in vivo after 
neuraminidase treatment ex vivo if one inhibits the seques- 
tration of infused lymphocytes in the liver.” Desialation of 
cell-surface structures may enhance their interactions with 
specific ligands,” as documented in the homotypic interac- 
tion of purified neural cell adhesion molecules (N-CAMs) 
with endogenous N-CAMs on intact cells.” In addition, 
generalized removal of sialic acid residues from the cell 
surface reduces the net negative charge, resulting in nonspe- 
cific accentuation of adhesive phenomena. Therefore, neu- 
raminidase treatment in vitro may directly alter the activity 
of the lymphocyte homing receptor or indirectly enhance 
adhesion by reducing surface charge. 

The accentuation of lymphocyte binding to HEVs after 
treatment of the lymphocytes contrasts sharply with the 
complete inhibition of the binding interaction after neur- 
aminidase treatment of the HEVs.’* The latter result indi- 
cates that sialic acid may be part of the lymphocyte-binding 
site on the HEVs. Thus, sialic acid moeities on both the 
lymphocyte and the HEVs can influence their adhesive 
interaction in vitro. Control of intercellular adhesion through 
modulation of receptor-associated sialic acid has been pro- 
posed for N-CAM” based on the correlation between neural 
cell adhesion and polysialation of N-CAM in brain 
tissues. Whether a similar mechanism regulates the lym- 
phocyte-HEVs interaction in vivo remains to be deter- 
mined. 

The precise relationship of the lymphocyte lectin to adhe- 
sive structures such as the Hermes 1 antigen”! and LFA-1™ 
remains to be determined. The Hermes 1 monoclonal 
appears to recognize an epitope common to the binding sites 
on lymphocytes for the HEVs of both peripheral lymph nodes 
and GALTs. The PN-homing receptor precipitated by 
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Hermes | crossreacts with MEL-14 and consists of a single, 
90-kd polypeptide, suggesting structural homology between 
the human and murine structures. In light of the relationship 
between gp 90 Mel-14 and the murine lectin, we are 
currently examining the possibility that the Hermes | anti- 
gen is similarly linked to the human carbohydrate-binding 
receptor. 

LFA-1 participates in a variety of adhesive interactions 
involving lymphocytes including T cell-mediated cytotoxici- 
ty, NK-mediated cytotoxicity,® and binding to human 
umbilical vein endothelium.” This latter observation has 
led to speculation that LFA-1 contributes to lymphocyte 
recirculation and/or migration into chronic inflammatory 
lesions. Several lines of evidence indicate that LFA-1 is 
distinct from the cell-surface lectin involved in binding to 
PN-HEVs. First, binding of lymphocytes to HEVs in vitro is 
most efficient at 8°C; LFA-] -mediated adhesion is markedly 
reduced at low temperature.” Second, the binding of lym- 
phocytes to PN-HEVs requires calcium, whereas LFA- 
|~-mediated processes are magnesium dependent. ®” Third, 
most murine thymocytes express LFA-! but neither express 
the cell-surface lectin nor bind to HEVs. Finally, in S49 
murine lymphoma lines, LFA-1 is expressed equally on cell 
lines with high and low HEV-binding activities.'* Only the 


Table 4. Binding of Rat Lymphocytes to PPME-Beads 
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PPME-Bead 
Calis Treatment Binding 

Lymphocytes Control 100 (28) 
EDTA 18 (1) 

EDTA + Ca’** 70 (12) 
EDTA + Mg?‘ 24 (5) 

Lymphocytes Control 100 (15) 
M1P 73 (2) 
MEP 17 {6) 

Lymphocytes ~ 100 (10) 
Thymocytes _ 5 (3) 
Lymphocytes Control 100 (5) 
Trypsin 4 (2) 

Trypsin + trypsin inhibitor 94 (14) 
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were conducted as described in the Materials and Methods section. The 
analytic procedure for measuring bead attachment differed slightly from 
the technique used in the above experiments and is described in detail 
elsewhere, '* Means and SEM (in parentheses} are based on a minimum of 
four replicates. 
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Fig 6. Dose-response curves for PPME and 
fucoidin effects on human PBMC attachment to 
HEVs (A) and to PPME-conjugated beads (B). The 
means of three to six replicate samples are plot- 
106.0 ted. There was no significant difference between 

PPME (4) and fucoidin (@}. 


expression of PPME-bead binding sites and Mel-14 antigen 
correlate with affinity for PN-HEVs. Thus, LFA-1| appears 
to be distinct from the family of carbohydrate-binding 
molecules we have described in rodents and humans. Con- 
certed action of the PN-homing receptor and LFA-1 in situ, 
however, remains an intriguing possibility. 

The interactions of PBMCs with PPME-beads and HEVs 
require Ca** and show a relatively modest difference in the 
inhibitory potencies of M6P v MIP. These observations 
contrast with the characteristics of both the high and low 
molecular weight phosphomannosy! receptors (PMRs) that 
have been implicated in the intracellular transport of acid 
hydrolases to the lysosome.“’“* Recently, both PMRs have 
been detected in human lymphoid cells and may be expressed 
at the cell surface.” The relationship between these receptors 
and the PN-homing receptor is currently under study. 

The nonspecific inhibition by the glucose phosphates in the 
HEV-bincing assay has been cbserved with rodent cells and 
reflects the role of tonic forces in the adhesive interaction. In 
rodents, increasing the ionic strength above physiologic levels 
resulted in progressive inhibition of lymphocyte attachment 
whether the ionic species was sodium chloride or anionic 
carbohydrates. Furthermore, desulfation of fucoidin and 
dephosphorylation of PPME eliminated inhibitory activity 
(L.M. Stoolman and S.D. Rosen, unpublished observa- 
tions).'!* Inhibition by PPME, fucoidin, M6P, and FIP 
consistently exceeded that expected on a charge basis alone, 
however.'? Thus, biologic activity requires more than the 
mere presence of negatively charged groups. Perhaps, as has 
been suggested for the cell-binding domain of fibronectin,” 
the spatial orientation of such groups will prove to be a key 
factor. 

The relationship between the exogenous carbohydrate 
inhibitors and the endogenous HEV attachment site remains 
to be defined. Investigation of the murine HEVs indicates 
that terminal sialic acid residues are critical to the activity of 
the PN-HEVs attachment site.” A more detailed analysis of 
the PN-HEVs attachment site will be required to determine 
whether it shares key structural features with either PPME 
or fucoidin. Such an analysis will also help determine 
whether the carbohydrate-binding receptor on the lympho- 
cyte attaches directly to the HEVs or, as suggested for 
ligatin,*’ acts as a membrane attachment site for a ligand 
that forms an intercellular bridge. 

The present study amplifies the work of Butcher et al,” 
who proposed that evolutionary mutations in the interacting 
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adhesive molecules on lymphocytes and HEVs resulted in 
progressive interspecies incompatibility. They also observed 
a baseline level of compatibility between widely separated 
species, however, thus suggesting the persistence of certain 
essential structural features in the adhesive interaction. The 
current study indicates that a carbohydrate-binding receptor 
at the lymphocyte surface is a conserved essential deter- 
minant for recognition of PN-HEVs. 
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Spontaneous Production of Interleukin 1 Activity by 
Chronic Lymphocytic Leukemic Cells 


By Charlotte Uggla, Miguel Aguilar-Santelises, Anders Rosén, Hakan Mellstedt, and Mikael Jondal 


Chronic lymphocytic leukemic B cells (B-CLL) were found 
to produce an IL 1-like growth factor spontaneously in vitro 
for mouse thymocytes. This factor was comitogenlic with 
concanavalin A (Con A) and nonmitogenic combinations of 
phorbol ester and calcium ionophore but not with phyto- 
hemagglutinin (PHA). Growth factor production was dose- 
related to the number of in vitro cultured cells and detect- 
able at 6 hours using high cell concentrations. A small 
number of admixed normal T cells was not important for 
factor production. No growth of autologous B-CLL or 
allogeneic thymocytes was induced by the factor. A chro- 


HRONIC lymphocytic leukemia of B cell type (B-CLL) 
is characterized by a clonal proliferation of cells that 
can differ substantially with regard to malignant behav- 
ior.’? Rai et al proposed a clinical staging system (0 through 
IV) in which stage 0 is characterized by a blood lymphocyto- 
sis but no other disease-related findings. In stage IV, the 
disease is progressive with thrombocytopenia and anemia. 
The median survival for stage 0 is >8 years whereas stage IV 
patients survive for 9 months only.‘ The reasons for this wide 
variability in malignant behavior are not well understood but 
could be related to both an aberrant T cell control** as well as 
to inherent growth characteristics of individual cell popula- 
tions.” 

Regulation of B cell growth is highly complex and depen- 
dent on the combined effect of different factors for initiation 
and continued maintenance of cell cycling.”’° Melchers et al 
defined three different restriction points in the B cell cycle.” 
The first of these is triggered by antigen through interaction 
with specific Ig receptors and enters the cell into the Gl 
phase. The second is located in late G1 and is dependent on 
monokine factors such as IL 1 (æ factors). The third one is 
positioned in G2 and is triggered by T cell products such as 
BCGF (8 factors). Differences in growth potential between 
different B-CLL clones could thus be related to both an 
aberrant growth factor production and an increased ten- 
dency of the tumor cells to pass certain restriction points. 

Interleukin 1 (IL 1) was originally described as a mono- 
kine but has recently been shown to be produced by a number 
of different cell types.'? Two different monocyte-derived IL 1 
genes have been cloned which code for IL læ (pI 5.0 and 17 
kd) and IL 18 (pI 7.0 and 17 kd) with distinct molecular 
properties.'*'* Biologic IL 1 activity has also been found in 
polypeptides ranging from 2 to 75 kd,” the larger being an 
aggregate form and the smaller cleavage product from a 
31-kd precursor molecule. IL 1 induces a multitude of 
biologic activities such as fever, production of acute phase 
reactants, coactivation of lymphocytes, chemotaxis of poly- 
morphonuclear (PMN) leukocytes, proliferation of fibro- 
blasts and endothelial cells, and different forms of anti- 
tumor cell defense mechanisms." 

In the immune response, macrophage-derived IL 1 induces 
the upregulation of IL 2 receptors on T cells and also acts asa 
growth factor for B cells. In addition, clonal B cells produce 
IL 1 in line with their macrophagelike capacity to process 
and present antigen.'? Recently, Pistoia et al demonstrated 
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matographic high-performance liquid chromatography 
(HPLC) analysis and inhibition experiments with a poly- 
clonal rabbit anti interleukin 1 (IL 1) antiserum indicated 
that the B-CLL—derived growth factor belonged to the IL 1 
family. This was supported by the direct demonstration of 
IL 1 8 in supernatants from B-CLL by radioimmunoassay. 
Possible biologic implications for B-CLL~—derived IL 1 are 
discussed in relation to tumor cell growth in different 
clinical stages. 

© 1987 by Grune & Stratton, Inc. 


that both normal B cells and some B chronic leukemic cells 
produce IL 1 in the absence of any apparent stimulus.” Some 
Epstein-Barr virus (EBV) transformed B cell lines produce 
both IL 1 and “contra IL 1.”!®? This IL 1 activity may be 
mediated by factors that differ from monocyte-derived IL 1, 
as shown by protein sequencing and neutralization studies.” 

When analyzing growth factors secreted by B CLL cells in 
vitro, we found no spontaneous production of B cell growth 
factor (BCGF); BCDF or IL 2 but evidence for IL 1-like 
factor activity (B-CLL-derived IL 1) in the standard mouse 
thymocyte assay. The present work further defines IL 1-like 
activity from a progressive stage IV patient with regard to 
comitogenicity with different inducers of proliferation, direct 
growth-inducing properties, and susceptibility to inhibition 
by polyclonal antibodies. In addition, the presence of IL 18 
has been analyzed in supernatants from B-CLL cultures 
representing different clincial stages. 


MATERIALS AND METHODS 


Isolation and fractionation of leukemic cells. AD B-CLL were 
obtained by leukapheresis. Cells were then isolated using the Ficoll- 
Hypaque one-step density-gradient technique and frozen in 10% 
dimethylsulfoxide (DMSO) with 20% fetal calf serum (FCS) for 
later use. Normal lymphocytes present in B-CLL preparations were 
analyzed using monoclonal antibodies against CD3, CD16, and 
CD13 and by rosette formation for detection of CD2 receptors. 
Normal T cells were removed using sheep RBC (SRBC) sedimenta- 
tion with AET-treated SRBC as described.) Additional leukemic 
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Fig 1. Supernatant material from AD B-CLL culture was 
concentrated and purified in a two-step HPLC procedure using a 
hydroxylapatite Bioge! HPHT column and an Ultropac TSK-G2000 
SW column as described in the Materials and Methods section. 
Fractions were tested for protein content (——) and induction of 
direct mitogenicity on mouse thymocytes (------ ). 


cell populations were obtained from peripheral blood, isolated as 
above and used without further purification. 

Supernatants from normal B cells and B cell lines. Peripheral 
blood samples from normal donors were depleted of T cells by 
repeated rosetting and Ficoll-Hypaque centrifugations. B cells with 
<1.0% T cells contamination were cultured at different concentra- 
tions, between 2 and 25 x 10°/mL. Supernatants were collected 
after 24 hours and tested for direct mitogenic effect in the mouse 
thymocyte assay. B cell lines were cultured at a concentration of | x 
10°/mL, and supernatants were collected at 24 hours. 

IL 1 assay and comitogenicity assays. YL | activity was mea- 
sured in the standard mouse thymocyte proliferation assay.” In 
short, 1.5 x 10° thymocytes from C3H/HeJ mice were cultured for 
72 hours in standard 96-well microplates and pulsed for the last 
8-hour period with 1 wCi *H-thymidine. Supernatants to be tested 
were diluted twofold from a starting concentration of 50%. These 
were either tested alone or in the presence of phytohemagglutinin 
(PHA) (5 g/mL) or a combination of phorbol ester TPA (30 
ng/mL) and calcium ionophore A 23187 (0.1 wmol/mL) for a 
comitogenic response. All measurements were done in triplicate, and 
only representative experiments are given in which mean error 
deviations were <5%. 

BCGF, BCDF, and IL 2 assays. BCGF activity was tested on 
purified and anti-IgM prestimulated normal tonsillar B cells as 
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Tabie 1. B-CLL—Derived IL 1 Activity in 24-Hour Supernatants 
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described.” BCDF activity was evaluated by secreted IgG in BCGF 
assays. IL 2 activity was measured on the IL 2-dependent mouse T 
cell line CTLL-2 as described. 

Radioimmunoassay. A commercial radioimmunoassay for 
determination of IL 18 was used. In brief, anti IL 18 was mixed with 
standard or test samples and incubated for 16 hours at room 
temperature before '*I-IL 18 was added. After an additional 16 
hours, antibody-bound—labeled IL 18 was separated by addition of 
polyethylene glycol 6000 in phosphate-buffered saline (PBS) con- 
taining anti-rabbit IgG serum, followed by centrifugation. Superna- 
tants were then decanted and labeled antibody-bound IL 18 was 
counted in a y counter (1282 Compugamma LKB). Duplicate 
controls for total counts ('*I-IL 18 alone) and nonspecific binding 
were also included. Calculations of the bound IL 18 were made 
according to a standard formula, and interpolations were made from 
a standard curve. 

Preparation of B-CLL~derived IL l-like factors (B-CLL IL 
1). B-CLL were obtained by leukapheresis, washed several times 
in PBS with 5% FCS, and courted. Contaminating RBCs were 
removed by centrifugation on Ficoll-Hypaque if necessary. Cells 
were adjusted to the desired ceil concentration in RPMI 1640 
medium with antibiotics and 5% FCS and added to 24-well Costar 
plates in a total volume of 2 mL. Bulk preparations of B-CLL IL | 
were produced by culturing B-CLL at high concentrations (usually 
30 x 10°/mL) in tissue culture bottles. Serum-free preparations of 
B-CLL IL | were produced in adjusted Iscove’s medium containing 
transferrin (12.5 g/mL), bovine serum albumin (BSA) (400 ug/ 
mL), and 2-mercaptoethanol (5 x 10°* mol/L). 

HPLC chromatography. B-CLL from patient AD were cul- 
tured for 2 days in Iscove’s medium containing 400 pg/mL BSA 
(Boehringer, Darmstad, FRG) and 12.5 ug/mL human transferrin 
(Kabi, Stockholm) with penicillin, streptomycin, and L-glutamine as 
additives. The cells were seeded at 5 x 10%/mL and kept in a 
humidified incubator at 37°C in 5% CO). To determine the biochem- 
ical properties and the mol wt of the B-CLL IL 1, released 
supernatants were concentrated and dialyzed against 10 mmol/L 
phosphate buffer pH 7.2 containing | mmol/L Ca Cl, on collodium 
bags with 10-kd mol wt cutoff (Schleicher and Schull, FRG). The 
concentrated material (2 mL) was purified in a two-step high- 
performance liquid chromatography (HPLC) procedure according 
to Kock and Lugger. First, a hydrexylapatite separation on a Biogel 
HPHT column was performed using a 10 to 500 mmol/L sodium 
phosphate gradient. The activity peak of IL 1 was concentrated and 
dialyzed against PBS + 0.1% polyethylene glycol (PEG) 4000 
(Merck). The material (0.2 mL) was separated on an Ultro-pac 
TSK-G2000 SW (7.5 x 600 mm) column equilibrated with PBS + 
0.1% PEG 4000, collecting 2-mL fractions (Fig 1). Fractions were 
tested at dilutions of 1:4 and 1:8 in the mouse thymocyte assay. Mol 
wt markers were blue dextran (2 x 10°’ kd) like the void volume, and 
BSA (68 kd}, ovoalbumin (45 kd), and RNA (13.7 kd). 

Reagents and antisera. PHA was purchased from Wellcome 
Diagnostics (Dartford, England). Phorbol ester TPA, 2-aminoethy! 
isotiouronium bromide hydrobromide, and Calcium ionophore A 
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Cultured Cells CD3 RFC (com x 10) 
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“Surface markers were tested by membrane fluorescence with anti-CD3 antibodies and with SRBC rosette formation. T celis were depleted by rosette 


sedimentation. 


{Mouse thymocytes were tested for direct mitogenicity in a standard 72-hour IL 1 type assay. 


¢Percentage of supernatant in assay. 
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Fig 2. Supernatant from AD B-CLL culture was tested for IL 


1-like activity on mouse thymocytes in a:standard 72-hour assay. 
Supernatant was added at different concentrations {1 to 6) 
starting from 50% and using twofold dilutions. Mouse thymocytes 
were used at cell concentrations 8 x 10°/well (A) and 4 x 
10°/ well (B) with (4-—— A} and without (Aa) PHA at 5 ug/mL. 


23187 were purchased from Sigma Chemical (St Louis). Blue 
dextran, BSA, ovoalbumin, RNA and concanavalin A (Con A) were 
purchased from Pharmacia Fine Chemicals (Uppsala, Sweden). 
Antisera against IL 1, purified IL 1, and IL 18 (7T) radioimmu- 
noassay (RIA) were purchased from Eurogenetics N. V. (Cistron, 
Biotechnology), Belgium. 


RESULTS 


B-CLL—derived IL -like growth factors in supernatants 
Jrom tissue-cultured cells. B-CLL were isolated from a 
patient undergoing regular leukapheresis as part of the 
treatment schedule. The cells were tissue cultured at a 
concentration of 4 x 10°/mL in RPMI 1640 with 5% FCS. 
Supernatants were analyzed for BCGF, BCDG, or IL 1 and 
IL. 2 activity in standard biologic assays. ™”™ At no time (24, 
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Fig 3. Supernatant from AD B-CLL culture was tested for IL 


1-like activity on mouse thymocytes in a standard 72-hour assay. 
Supernatant was added at different concentrations {1 to 6) 
starting from 50% and using twofold dilutions. Mouse thymocytes 
were used at cell concentrations 4 x 10°/well (A) and 2 x 
10°/well (B) with (@-—@) and without (a--—-a) Con A at 5 
ug/mL. 
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Response in Mouse Thymocyta Assay * 


50% ł 25% 12.5% 6.2% Control 
Comitogen icpm x 10°) 
Medium 23.6 18.7 114.5 6.3 0.4 
TPA/ionophoret 359.1 186.4 60.2 104 2.1 
TPA 0.4 0.4 0.3 0.3 0.3 
ionophore 0.5 0.7 0.6 0.4 O.2 





*Comitogenicity in a standard 72-hour IL 1 type assay. 

¢Percentage of supernatant in assay. 

t~Phorbol ester TPA was used at a final concentration of 30 ng/ml. and 
calcium ionophore A 23187 at 0.1 umol/mL. 


48, and 72 hours) were any detectable levels of BCGF, 
BCDF, or IL 2 found (not shown) although an IL l-like 
activity was already apparent at 24 hours (Table 1). An even 
higher factor activity was found if serum-free conditions 
were used. Among the B-CLL a small contamination of 
normal T cells was found, but no levels of CD 16 (NKj} or CD 
13 (monocytes)-positive cells were detectable. If the small 
fraction of normal T cells was removed by rosetting, similar 
levels of B-CLL IL | activity remained (Table 1). 
Comitogenic properties of B-CLL IL]. To characterize 
B-CLL IL | functionally, the comitogenic properties were 
tested with PHA, Con A, and/or combinations of phorbol 
ester TPA and calcium ionophore A 23187. B-CLL EL 1 was 
directly mitogenic for mouse thymocytes, and the addition of 
PHA did not influence the results (Fig 2). With Con A 
instead of PHA, however, a direct mitogenic response to the 
lectin occurred that was markedly potentiated by B-CLL IL 
| (Fig 3). In comparison with B-CLL IL Ps direct mitoge- 
nicity at a final supernatant concentration of $0%, Con 
A-dependent comitogenicity gave approximately ten times 





124 68 13 25 


Time in hours 


Fig 4. AD B-CLL were cultured at 4 x 10°/mL. Supernatants 
were collected at different times and tested at final concentra- 
tions of 50% (@-——¢@), 25% (M-—-#), and 12.5% [a——-a) for a 
comitogenic response with TPA (360 ng/mL} and calcium ionophore 
A 23187 (0.1 umo!/mL), Background proliferations were <1 x 10° 
cpm. 
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Fig 5. AD B-CLL were cultured at cell concentrations 8 x 


10°/mL (@—@), 4 x 10°/mL (¢—-¢), and 2 x 10°/mL (a——a). 
Supernatants were collected at 24 hours and tested with calcium 
ionophore A 23187 and TPA (described in legend to Fig 4) for 
induction of mouse thymocyte proliferation. Background prolifera- 
tion was 0.7 x 10° cpm. 


more counts per minute per cell basis although the back- 
ground was considerable. To optimize B-CLL IL 1 detection, 
combinations of TPA and calcium ionophore were tested for 
comitogenicity. TPA at 30 ng/mL and calcium ionophore A 
23187 at 0.1 wmol/mL did not stimulate any background 
proliferation but allowed a sensitive detection of an IL I-like 
comitogenic effect (Table 2). 

Kinetics and dose dependency of B-CLL IL 1 forma- 
tion. B-CLL cells were tissue cultured at 4 x 10°/mL. 
Supernatants were collected at different times and tested at 
final concentrations of 50%, 25%, and 12.5% for a comito- 
genic response with TPA and calcium ionophore. With 50% 
supernatants, some B-CLL IL 1 activity was already detect- 
able at 6 hours (Fig 4). Peak activity was obtained at 24 
hours (not shown). 

A dose-response relationship was established between the 
number of cultured B-CLL and B-CLL IL I activity in the 
TPA/calcium ionophore coresponse assay (Fig 5). At more 
than 4 x 10° B-CLL/mL there appeared to be a linear 
correlation, as 8 x 10°/mL gave almost a doubling of the 
proliferative response. 
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Effect of B-CLL IL I on autologous cells and allogeneic 
thymocytes and lymphocytes. B-CLL IL 1 was tested for 
direct mitogenicity on mouse thymocytes, autologous B- 
CLL, and allogeneic thymocytes and lymphocytes. Although 
B-CLL IL i was directly mitogenic for mouse thymocytes, 
none of the other cell types responded in a 72-hour prolifera- 
tion assay (Table 3). When B-CLL IL | was tested for 
comitogenicity with TPA/calcium ionophore on allogeneic 
thymocytes and lymphocytes, there was no response of the 
thymic cells but a clear low-grade response of the peripheral! 
lymphocytes (not shown). 

Inhibition of B-CLL IL 1 by anti-IL 1. Two different 
anti-IL | preparations were tested for inhibition of B-CLL 
IL i-dependent direct mitogenicity on mouse thymocytes 
(Table 4). One antisera was an IL 1-neutralizing polyclonal 
rabbit antiserum; the other was a nonneutralizing mono- 
clonal antibody. Purified IL 1 was also included in the assay. 
The neutralizing antiserum neutralized both IL 1 as well as 
B-CLL IL | toa similar degree. 

Study of B-CLL IL 1 by HPLC chromatography and 
activity of the fractions. Supernatants were concentrated 
ten times, purified, and analyzed as described in the Materi- 
als and Methods section, after HPLC hydroxylapatite and 
gel filtration. As shown in Fig 1, the highest IL 1-like activity 
was related to the 17-kd region, which is in concordance with 
previously reported mol wt for human IL 1. The effect from 
B-CLL IL I on the mouse thymocyte proliferation assay was 
directly observed in the absence of PHA or Con A. 

B-CLL IL | activity in unfractionated leukocyte prepara- 
tions from different chronic leukemias. Whole leukocyte 
fractions from five additional chronic leukemic patients were 
cultured for 24 hours, and supernatants from cultures were 
tested for IL l-like activity, measured as direct mitogenicity 
or comitogenicity with TPA/calcium ionophore on mouse 
thymocytes (Table 5). All three cases of B-CLL were 
positive in both systems, with a strong potentiation by the 
presence of TPA/calcium ionophore. With the other leuke- 
mias, a low-grade induction of direct mitogenicity, less 
amplified by TPA/calcium ionophore as compared with 
B-CLL, was found. WBC counts varied widely; however, 
>90% were leukemic cells. 

Identification of IL 18 by RIA. 1L 1-like activity in 
supernatants from leukemic, cultured cells was analyzed by 
means of an IL 18 (71) RIA. A comparison between the 
mouse thymocyte assay and IL 18 CT) RIA was done 
(Table 6). B cell line supernatants were negative in both 


Table 3. Effect of B-CLL IL 1 on Autologous and Allogeneic Celis 
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Response in Proliferation Assay* 
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25% 12.5% 6.2% 


50%t Control 
Experiment Celt Population {eprn x 10°) 
1 Mouse thymocytes 26.2 16.3 12.5 1.1 0.9 
Autologous B-CLL 0.8 0.7 0.7 0.4 0.3 
Human PBLs 2.2 1.9 2.1 24 2.1 
2 Mouse thymocytes 18.1 16.5 10.2 6.9 0.4 
Human thymocytes 7.4 8.9 9.0 10.2 9.8 


PBL, peripheral blood lymphocytes. 
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*B-CLL IL 1 was derived from a 24-hour cell culture and tested on the different cells in a 72-hour proliferation assay. 


+Percentage of supernatant in assay. 
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Table 4. Inhibition of B-CLL IL 1 Activity by Ant-IL 1 








Response in Mouse Thymocyte Assay 
Control} Medium} Poly anti. 1 Mono ant+iL 1 
50%§ 25% 50% 25% 50% 25% 
Experiment Factor (cpm x 10°) Inhibition * 
1 B CLL it 1 0.4 12.8 1.8 1.3 0.3 11.4 2.0 89.0% 
al 0.4 11.8 1.4 1.8 1.2 13.4 2.2 84.7% 
2 B CLL IL 1 0.5 18.0 4.6 4.7 1.3 ND ND 70.6% 


Polycional anti-IL 1 was produced in rabbits and used at a final dilution of 1:500. The equivalent 1:500 dilution of normal rabbit serurn did not 


influence IL 1 activity. 
* Inhibition at 60% with polyclonal anti-IL 1. 
{Background cultures in absence of stimulation. 
{Direct mitogenic effect. 
§Percentage of supernatant In assay. 
|| Purified monocyte JL 1. 


assays. Supernatants from normal cultured B cells were 
negative in the mouse thymocyte assay. There was no direct 
correlation between results from the different assays. Super- 
natants containing high concentrations of IL 18 did not 
correspond to higher responses in the mouse thymocyte 
assay. Particularly with the supernatants from patients AD 
and JA no such correlation was found. 


DISCUSSION 


Isolated B-CLL spontaneously produced IL i-like factors 
in vitro but not BCGF, BCDF, or IL 2. Similarly to human 
monocyte IL 1, B-CLL IL 1 was directly mitogenic for 
mouse thymocytes and comitogenic with Con A.” The 
mouse thymocyte proliferation assay was not influenced by 
PHA in contrast to the effect of Con A. In absolute numbers 
of counts per minute, the comitogenicity with Con A gave 
approximately five to ten times more counts although super- 
natants titered to similar endpoints in both assays. Because 
Con A also is directly mitogenic for mouse thymocytes, we 
used a nonmitogenic combination of phorbol ester TPA and 
calcium ionophore. With this combination, the concentration 
of the ionophore (0.1 zmol/mL) was crucial to avoid back- 
ground stimulation and to optimize comitogenicity. 

B-CLL produced strong B-CLL IL | activity that was 
easily detected if tested for comitogenicity with TPA/ 


calcium ionophore. Among the different leukemic cells there 
was no obvious relationship between disease activity and 
B-CLL IL 1 production. Only AD cells, however, were tested 
as purified B-CLL. Thus, normal! cells were present among 
the leukemic cells, although they comprised <10%. These 
cells may contribute to the spontaneous production of IL 
1.73 Hence, a clear B-CLL origin of B-CLL IL 1 was only 
established with AD cells. This patient died 10 months after 
initiation of the study. Numerous cells from leukapheresis 
were obtained in numbers >10'! and can thus serve as an 
abundant source for further isolation and characterization of 
B-CLL IL 1. 

B-CLL IL 1 production in the present system was sponta- 
neous and did not require stimulation with LPS as noted 
earlier.” Although an endotoxin contamination in FCS, 
present in culture medium, was not formally ruled out, 
B-CLL IL 1 production was even higher if serum-free 
conditions were used (data not shown) as described for IL 1. 
B-CLL IL 1 production did not require proliferation of 
B-CLL because these were essentially nonproliferative and 
factors production was detectable as early as after 6-hour 
culture at high cell concentration as noted earlier.’ 
Although B-CLL cells did not proliferate spontaneously, 
either with endogenous or additional B-CLL IL 1, cells could 
be triggered to divide at 48 hours with TPA and calcium 


Table 6. B-CLL IL 1 Activity In Unfractionated Leukocyte Preparations From Different Chronic Leukemias 


Leukemia Progressive 

Patients* Typs Disease Rai Stage 
AD B-CLL Yas IV 
BF B-CLL No o 
GP B-CLL Yes ii 
MS CMML Yes NA 
iU T No O 
EL T Yes iV 


Chronic myelomonocytic leukemia; NA, not applicable. 
*Clinical and laboratory data at test. 

tLymphocytes x 10°/L. 

tBackground. 


Response m Mouse Thymocyte Assay 
Controlt SN§ TPA/lon| Mixturell 
WBCt+ (cpm x 10°) 

335 0.4 19.4 2.2 360.1 
21 0.5 8.8 0.9 222.4 
23 0.3 4.8 0.3 40.2 
26 0.4 3.6 0.3 8.2 
25 0.7 2.5 0.6 9.4 

300 0.8 1.1 0.7 5.3 


§Supernatants from 24-hour cultured cells (without IL 2 activity) were tested at 25% for direct mitogenic effects. 


TPA 30 ng/mL and calcium ionophore A 23187 at 0.1 umol/mL. 
TTPA/Ion and SN tested together. 
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Table 6. B-CLL IL 1 Activity in Comparison to IL 18 Concentration 
Patients* Response in Mouse Thymocyte Assayft 

and Leukemia Progressive Control Test % SN§ IL 18 
Cell Sources Type Disease Rai Stage WBCt {cpm x 107} tng/mt) 
L.K. B-CLL No | 26 (ND) 0.3 3.1 (10)/) 50.0 50.0 
H.M. B-CLL No i 42 (ND} 0.3 2.0 (6) 12.5 43.0 
G.G. B-CLL Yes IV 73 (4.0) 0.3 6.4 (19} 25.0 21.0 
S.L. B-CLL Yes iH 10 {ND} 0.3 5.9 (18) 50.0 7.0 
H.G. B-CLL Yes i 79 (1.0) 0.3 5.2 (15} 50.0 6.0 
G.H. B-CLL Yes IV 26 (3.0) 0.3 §.2 (18) 50.0 1.6 
JA. B-CLL Yes 75 (ND) 0.5 1.7 (3) 12.5 1.4 
A.D, B-CLL Yes IV 336 (3.1) 0.7 11.0 (16) 50.0 0.5 
Raji! ca mee = — 0.7 2.4 (3) 25.0 0.0: 
Daudi “om oe ame — Q.7 1.9 (3) 6.2 0.0 
BL-28 come — “nm ve 0.3 0.4 (1) 50.0 0.0 
Normal 1* * _ oe — ~ 0.4 1.6 (4) 50.0 ND 
Normal 2 — en — — 0.4 0.8 (2} 50.0 ND 
Normal 3 vee crane — 


— 0.4 1.4 (3) 6.2 ND 





*Clinical and laboratory data at test. 


tNumber of lymphocytes x 10°/L (percentage of CD2-positive T cells by fluorescence). 


Direct mitogenic effect. 


§Percentage of supernatants in test from 40 x 10° cells/mL cultured for 24 hours. 


| Stimulation index. 
Supernatants from Burkitt lymphoma-derived cell lines. 


**Supernatants from normal peripheral blood B cells (< 1.0% T cells) cultured at 2, 10, and 25 x 10°/mL by 24 hours. 


ionophore (data not shown). Whether endogenous B-CLL IL 
i is important for this proliferation is unclear. 

Inhibition of B-CLL IL | activity by an IL 1-neutralizing 
polyclonal rabbit antiserum, but not by a monoclonal anti- 
body, strongly indicated a similarity to monocyte-derived 
IL 1. Additional neutralization studies with anti-IL la and 
8, should contribute to its further definition. Also the chro- 
matographic behavior of B-CLL IL | on HPLC-HPHT 
(high performance hydroxylapatite) and TSK-G2000 SW 
columns suggested a similarity to monocyte-derived IL 1. 
The binding properties on a hydroxylapatite Biogel HPHT 
column with elution at 0.23 to 0.28 mol/L sodium phosphate 
are identical for B-CLL IL | and monocyte-derived IL 1. 
TSK-G2000 SW HPLC gel filtration also gives similar 
activity peaks for B-CLL IL 1 and monocyte IL 1 (10 to 20 
kd with maximum at 17 kd). In addition, it is clear that IL 18 
was spontaneously produced by the leukemic cells. Superna- 
tants from normal B cells and B cell lines did not produce 
significant stimulation in the mouse thymocyte assay. B cell 
lines did not produce detectable levels of IL 18. 

The thymocyte assay and the IL 18 (7I) RIA did not give 
identical results (Table 6). One supernatant with a high RIA 
level gave a poor thymocyte proliferative response (HM in 
Table 6), and several high responders in the thymocyte assay 
were low in RIA measurements. This indicates production of 
enhancing /suppressor factors by the B-CLL and/or the 
formation of different IL 1-like factors. 


The biologic and clinical significance of B-CLL TL 1 is still 
unclear. The detection of IL 1-like factors in nonmonocytic 
cells is not surprising because both normal B cells and, 
indeed, most nucleated cells can produce similar factors.'® A 
further characterization and analysis of B-CLL IL 1 should 
be done in accordance with the work by Wakasugi et al,'?”° 
who demonstrated a novel type of IL 1 in an EBV-containing 
B cell line which functions as an autocrine growth factor. The 
described IL. 1 was not neutralized by polyclonal antimono- 
cytic IL 1 antibodies, however, and thus was distinct from 
our B-CLL-derived IL 1-like factor. 

Pistoia et al analyzed B-CLL IL | production in purified 
B-CLL from 12 patients and found activity in nine but not 
obvious relationship to the stage of the disease.” In addi- 
tional work, IL 1 activity should be measured in serum and 
urine in individual patients, and an effort should be made to 
analyze whether increased levels of IL 1 influence T cell 
immunity in these patients as the T cell systern is clearly 
aberrant in B-CLL. Another interesting question is 
whether increased IL 1 concentrations, either systemic or 
local, increase stem cell activity in bone marrow for the 
B-CLL clone as measured by colony formation in vitro.” 

In summary, some B-CLL spontaneously produce factors 
in vitro that have characteristics of IL 1. Among them, IL 18 
has been identified. A further characterization of B-CLL- 
derived factors should be facilitated by the availability of 
large numbers of clonal cells. 
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Dermatan Sulphate Induces Plasminogen Activator Release in the 
Perfused Rat Hindquarters 


By Marzia Abbadini, Guang Jin Zhu, Antonio Maggi, Jerta Pangrazzi, 
Maria Benedetta Donati, and Luciana Mussoni 


Heparin or heparin-like substances have been described to 
induce the release of plasminogen activator (PA) activity in 
different animal perfusion models. In this paper we report 
that Dermatan Sulphate (DS) is able to induce PA activity 
release in the perfused rat hindquarters. Perfusion of 
different doses of DS (0.1 to 0.8 mg/mL) stimulates a 
release of PA activity that is maximum after the initial two 
minutes of perfusion. The amount of PA activity released 
rises progressively within a certain concentration range of 


REVIOUS investigations have shown that heparin and 
heparin-like substances can interact with proteins of 
the fibrinolytic system, both in ex vivo and in vitro studies. In 
particular, Markwardt et al' demonstrated that perfusion of 
heparin and sulphated polyanions enhance PA release, in the 
isolated pig ear model, in a dose-dependent manner.’ More- 
over, high and low mol wt heparin preparations (HMW, 
LMW) induced fibrinolytic activity, both in vitro and in vivo 
in human volunteers.’ The same investigators have shown 
that this effect partially depends on the degree of sulphation 
of the molecule, since a synthetic polysulphate polysacchar- 
ide (SP54) was more active than other heparin preparations 
tested.’ The antithrombotic effect of HMW and LMW 
heparins was lost when antifibrinolytic drugs were adminis- 
tered along with the heparins in the rabbit Wessler model.’ 
Further studies with SP54 indicated that this substance 
induced the release of t-PA if perfused in the rabbit ear and 
that this activity was involved in the drug’s antithrombotic 
action.’ Moreover in human volunteers SP54 activates the 
fibrinolytic system after both oral and subcutaneous admin- 
istration.” Recently it has been hypothesized that a direct 
interaction of heparin or heparin-like substances with plas- 
minogen and t-PA or urokinase (UK) induces an increase in 
plasmin formation.*” 
Dermatan Sulphate (DS), like heparin, has been shown to 
be a potent antithrombotic agent in different experimental 
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DS (0.1 to 0.4 mg/mL) and declines thereafter (0.6 to 0.8 
mg/mL). The type of PA activity increased during DS 
perfusion was characterized by SDS-PAGE and fibrin au- 
tography as tissue-type PA (t-PA) on the basis of its mol wt 
(67,000 d) and inhibition by a specific anti t-PA antiserum. 
This effect might be considered as potentially contributing 
to the antithrombotic activity of DS, at least at the local 
level. 

® 1987 by Grune & Stratton, Ine. 


models of venous thrombosis,” without affecting the coagu- 
lation tests. To clarify the possible mechanisms that may 
contribute to the antithrombotic efficacy of DS, we studied 
its interaction of this drug with the fibrinolytic system. In 
particular, we investigated if DS was able to modify the 
release of plasminogen activator (PA) from the vascular bed 
using the perfused rat hindquarters model. This model was 
proposed’? as a useful tool to study the physiological and 
pharmacological modulation of PA release. 


MATERIALS AND METHODS 


Dermatan Sulphate (DS) MF 701, isolated from pig intestinal 
mucosa, was kindly supplied by Mediolanum Farmaceutici SRL, 
Milano, Italy. Heparin contamination was <1% as demonstrated by 
electrophoretic analysis and the in vitro anticoagulant activity was 
calculated to be around 5 U/mg USP. 


Perfusion Model 


The experimental model used was the perfused rat hindquarters 
described by Emeis.” Briefly, 200 to 250 g male CD-COBS rats 
(Charles River, Italy) were anaesthetized with sodium pentobarbital 
(50 mg/kg). administered intraperitoneally. After isolating both the 
aorta and vena cava, up to the ileofemoral bifurcation, a ligature was 
applied around each vessel. A 22 G needle was inserted, without 
stasis, into the aorta and perfusion was immediately started at a 
constant flow rate of 10 mL/min. A cannula was inserted inte the 
vena cava to allow perfusate collection. Perfusion of the hindlimb 
vascular bed was performed using a Tyrode’s solution pH 7.4, 
containing 6.1% BSA (Sigma Chemical Co, St Louis) and oxygen- 
ated with 95% O, and 5% CO,, at 37°C. The perfusion pressure on 
entry was continuously monitored using a transducer and polygraph 
(Grass Instrument Co, Quincy, MA). 

Experimental procedure. Each experiment started with a 30 
minute, wash-out period of the rat hindquarters using only Tyrede’s 
solution. After this initial period, the drug under investigation 
(dissolved in Tyrode's) was perfused for three minutes, followed by a 
second wash-out with Tyrode's solution. Samples (1 mL) were 
collected at reguiar intervals (five to ten minutes) from the cannu- 
lated vena cava during wash-out and every minute during drug 
perfusion. The samples, collected an ice, were centrifuged (12,000 g 
for 60 seconds) and analyzed for fibrinolytic activity. Each animal 
was perfused only once. 


Fibrinolytic Activity 


Fibrin plate assay. PA activity of the samples, collected during 
the perfusion period, was measured by a fibrin plate method using 
plasminogen-rich human fibrinogen (Grade L; Kabi, Stockolm)." 
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Thirty microliters of each sample were placed (in duplicate) on the 
fibrin film and the diameter of the lysis areas were measured after 18 
hours incubation at 37°C. The PA concentration was expressed as 
PA mU/mL of perfusate in comparison to a reference curve 
obtained, for each set of experiments, using known concentrations of 
t-PA standard (WHO, London, coded 831517). The results were 
analyzed statistically by Duncan’s test. 

Fibrin autography. The perfusion samples, collected as 
described in the experimental procedure, were kept at ~— 20°C in 
0.01% Tween 80 until tested. The molecular type of PA was 
evaluated by a fibrin autography technique’ after SDS-PAGE. The 
apparent mol wt of PA was calculated by comparing the migration 
distance of the lysis area with those of marker proteins of known mol 
wt (Pharmacia, Uppsala, Sweden), run simultaneously. The immu- 
nological characterization was performed with home-made rabbit 
antibodies against human t-PA or UK incorporated in the fibrin 
agar plate. 


RESULTS 


Using the rat hindquarters perfusion model, we observed 
that DS was able to stimulate the release of PA activity in a 
dose dependent manner (in the range of 0.1 to 0.4 mg/mL). 
At higher DS concentrations (0.6 to 0.8 mg/mL) there 
followed a gradual decrease in the lysis of fibrin plates (Fig 
1). Throughout the whole of these experiments no increase in 
basal perfusion pressure (50 to 60 mmHg) was recorded. 

If we examine the profile of PA activity measured in the 
perfusate with the DS dose giving the highest PA activity 
release (0.4 mg/mL), we can observe (Table 1) that the 
maximum PA level was achieved during the first initial 
minutes of perfusion progressively declining thereafter to 
basal values 50 to 60 minutes from the beginning of the 
experiment. 

Table 1 reports PA activity released from vascular cells 
during the perfusion of DS at doses of 0.1 to 0.4 mg/mL. The 
release of PA activity induced by DS (0.2 to 0.4 mg/mL) was 
maximal and significantly different from baseline levels 
during the first two minutes of DS perfusion and decreased 
thereafter. Above 0.4 mg/mL a reduction in PA was also 
seen, 0.6 mg/mL inducing a similar release of PA as the 0.1 
mg/mL dose. 

Different heparin preparations, tested at concentrations 
comparable with DS, were found ineffective (Fig 1); more- 
over, also lower concentrations of heparin (0.0001 to 0.01 
mg/mL) were devoid of activity (data not shown). 

The samples collected from the vena cava both during 
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Fig 1. PA activity released as a function of DS (@) and heparin 
(A) concentrations perfused. The data reported here refer to the 
first minute of perfusion. Each value is the mean of five experi- 
ments performed on different animalis (SD never exceeded 10% of 
the mean). 
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Table 1. PA Activity Released in Rat Hindquarters Perfused 
With Different DS Concentrations 





PA Released (mU/mi_} After OS Perfusion" 
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Perfusion Time 0.1 mg/ml 0.2 mg/ml Q4 mumi 
iran) he & n= 7 Hw B 
25 Tyrode's 3323.2 3643 34 + 4 
30 DS 60 + 13 99 + 23f¢ 127 + 32t 
31 DS 61+ 20 97 + 32¢ 129 + 33t 
32 DS 57 + 17 75 + 18+ S&S + 1H 
35 Tyrode's 63 + 10 59 + 10 72 t 12 
40 Tyrode's 44+9 63 +9 62% 10 
50 Tyrode's 37 +4 59 +68 44 +6 
60 Tyrode's 35 +4 55+ 6 45x 7 
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Note. n, numbers of animals; mg/ml, dose of DS. 

*Mean + SEM. 

+P < .01 Duncan's test {v Tyrode's sample collected after 25 
minutes}. 


Tyrode’s and DS perfusion were examined by fibrin autogra- 
phy after SDS-PAGE to determine the type of PA released. 
The perfusate contained two types of PA, which appeared on 
a fibrin-agar plate as lysis bands of 67,000 and 43,000 mol wt 
(Fig 2). It can clearly be seen, that both in control samples 
(collected during the first wash-out period) and in the 
stimulated samples (collected in the first minute of DS 
perfusion), both bands appeared and that perfusion of DS 
caused an increase only in the band corresponding to a 
67,000 mol wt while the lower mol wt band was unaltered. 
The 67,000 mol wt band is blocked by an anti-PA antiserum 
and the 43,000 mol wt band partially inhibited by an 
anti-human UK antibody, as previously described.'* 

To verify whether DS had a direct fibrinolytic activity on 
fibrin films or an in vitro interaction with PA molecules, DS 
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Fig 2. Fibrin autography of samples from perfused rat hind- 
quarters. Line (C) corresponds to the perfusate collected after 25 
minute wash-out with Tyrode's solution alone and line (DS) to the 
sample collected after the first minute of perfusion with 0.4 
mg/mL of the drug. The arrows indicate the apparent mol wt 
corresponding to the lysis area. 
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(0.1 to 0.8 mg/mL) was dissolved in Tyrode’s solution and 
placed directly on a fibrin plate, alone or together with 
different concentrations (10 to 100 mU/mL) of standard 
t-PA. DS alone did not lyse and did not potentiate the 
activity of standard t-PA. Moreover, no increased activity 
was observed when Tyrode’s perfusion fluid was used as a 
source of PA instead of t-PA standard (data not shown). 


DISCUSSION 


DS is one of the components of the extracellular matrix; it 
is found alone or in association with other glycosaminogly- 
cans in human coronaries, in bovine and Rhesus monkey 
aorta.'*'® Unlike heparin, DS inhibits thrombin formation by 
interacting with only heparin cofactor H and not with 
antithrombin HI.'™ë Recently, it was shown that DS dis- 
plays antithrombotic activity in models of experimental 
venous thrombosis.*” In contrast to heparin, the antithrom- 
botic activity was achieved at doses devoid of hemorrhagic 
effects.” These characteristics make DS a potentially inter- 
esting molecule for thrombosis prevention and call attention 
to the possible mechanisms of its peculiar antithrombotic 
effect. This paper reports the original observation that 
perfusion of DS induces an increase in fibrinolytic activity in 
the rat hindquarters model. The increase was dose-depen- 
dent, ina range of 0.1 to 0.4 mg/mL, but decreased following 
a further increase in the doses used. The rise in fibrinolytic 
activity was concomitant with the presence of DS in the 
microvasculature; maximum release was achieved during the 
initial minutes of perfusion followed by a slight decrease 
during the subsequent minutes (Table 1). The fibrinolytic 
activity induced by DS has been identified as t-PA-like 
molecules on the basis of the relative mobility in SDS-PAGE 
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followed by fibrin autography (Fig 2). We have previously 
shown'* thet anti-PA antiserum could block the lytic activity 
of this molecule. This effect was peculiar for DS; indeed, in 
the same experimental conditions and at the same and lower 
dosages, different heparin preparations did not induce PA 
activity release. An in vitro effect of DS on plasminogen 
activation 3y t-PA and UK, recently described for heparin 
and DS,*’ was excluded by incubating both the standard 
t-PA preparation and Tyrode’s perfusion fluid (as a source of 
PA activity) with DS (0.1 to 0.8 mg/mL) and measuring the 
fibrinolytic activity on fibrin nilms. We can thus conclude 
that a direct effect of DS on the vascular wall induces the 
release of t-PA-like molecules presumably from the endothe- 
lial cells. 

On the basis of these data, we can thus put forward the 
hypothesis that part of the antithrombotic activity shown by 
DS®*’ in experimental animals, might be due to its direct 
effect on endothelial cells. The PA released during intrave- 
nous (IV) administration of DS in the vicinity of the throm- 
bus could thus bind to fibrin and express its thrombolytic 
action. On the other hand, the location of naturally occurring 
DS in subendothelial layers'*" could further contribute to 
the stimulation of PA release ‘rom surrounding endothelial 
cells in cases of vascular injury. Further in vivo studies are 
required tc substantiate the role of endogenous and exoge- 
nous DS in thrombosis control. 
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Deoxygenation Inhibits the Volume-Stimulated, CI -Dependent K* Efflux in SS 
and Young AA Cells: A Cytosolic Mg** Modulation 


By Mitzy Canessa, Mary E. Fabry, and Ronald L. Nagel 


We recently reported that the Cl--dependent K* (K:Ci) 
efflux, which can be stimulated by cell swelling in the 
presence of inhibitors of the Na* pump (ouabain) and of the 
Na-K-C! cotransport (bumetanide), is highly active in young 
AA and SS RBCs. We report here that deoxygenation 
inhibits volume-stimulated K:Ci efflux in SS and reticulo- 
cyte-enriched density-separated SS and AA RBCs. In SS 
whole blood, the K:Cl efflux stimulated by hypotonic (220 
mOsm) swelling was reduced from 9.2 + 2 (mean + SE) in 
oxygen to 2.7 + 1.9 (mmol/L cell/h — flux units = FU) 
(n = 4) under deoxygenated conditions (P < .005). Deoxy- 
genation also decreased the acid pH-stimulated K:Cl efflux 
from 6.9 + 1.6 to 3.7 + 1.1 FU {n = 3) {P < .025) but did not 
inhibit NEM-stimulated K:C! transport. The effect of deoxy- 
genation on density-separated SS cells is similar: When 
fraction SS2 {reversible discocytes) is deoxygenated under 
hypotonic conditions, the K:CI efflux is reduced by 50%. In 


E RECENTLY reported the existence of a CI- 
dependent K* (K:C1) efflux in SS, SC, and CC cells 
that is involved in volume reduction secondary to cell swell- 
ing.’ This pathway of K* transport is insensitive to ouabain 
and bumetanide and is stimulated by cell swelling induced by 
hypotonic and acid pH medium containing Cl~ but not NO,.! 
Another important property of the K:Ci transport system is 
that it is stimulated by N-ethylmaleimide (NEM). The K:Cl 
efflux stimulated by cell swelling and NEM was elevated toa 
variable extent in HbS when compared with mature AA 
cells. The magnitude of this K* efflux varies from patient to 
patient with sickle cell anemia,'* analogous to the hetero- 
geneity in RBC density and volume distribution previously 
described. 

More recently, we reported’ that this K:Cl efflux is a 
characteristic of the young AA and SS RBCs; most cells in 
the blood of a sickle cell anemia patient are young cells due to 
the very short lifetime of SS cells. Two important questions 
remain to be answered: the effect of deoxygenation on these 
fluxes, since it is deoxygenation that elicits the pathophysio- 
logic responses of SS cells; and the relation of the K:Cl efflux 
to the deoxygenation-induced K* efflux first observed by 
Tosteson et al’ in sickle cells. We report here that deoxygena- 
tion inhibits volume-stimulated K:Cl efflux and that this 
effect is mediated by cytosolic Mg?*. 


MATERIALS AND METHODS 


Patient material. Normal controls (homozygous for hemoglobin 
A) and sickle cell anemia patients (homozygous for hemoglobin S), 
as ascertained by two types of electrophoresis, donated blood after 
informed consent at the Heredity Clinic of the Bronx Municipal 
Hospital. Reticulocyte-enriched blood was obtained from AA indi- 
viduals recently treated for nutritional anemias. Blood was obtained 
in heparinized tubes and shipped on ice to Boston overnight under 
conditions previously described.’ All experiments were performed 
within 24 hours of venipuncture. 

Measurement of K* efflux. Since SS and AA cells contain 
variable amounts of Nat and K+, all cells and fractions were loaded 
by a modified nystatin procedure® to have 11.5 + 2 Na* and 95 + 9 
K* mmol/L cell. K* fluxes were determined as previously 
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reticulocyte-enriched AA celis obtained from anemic 
patients, deoxygenation under hypotonic conditions also 
reduces K* efflux by 50%. In SS ceils only, deoxygenation 
under isotonic conditions results in an increased Ci - 
independent K* efflux. Because fonized Mg** in the cytosol! 
increases during deoxygenation, we investigated the effect 
of external and internal Mg** on the volume-stimulated 
K:Cl efflux. Removal of external Mg** did not influence the 
rate of transport In oxygenated calls. When internal Mg** 
was clamped at 0.16 mmol/L with A23187 and EDTA at 
ionized cytosolic Ca** = 0, however, the inhibitory effect of 
deoxygenation on the K:Cl efflux was eliminated. We 
conciude that deoxygenation Inhibits the volume-stimu- 
lated, Cl--dependent K* efflux in AA and SS young red 
cells by concomitantly Increasing ionized cytosolic Mg**. 

© 1987 by Grune & Stratton, Inc. 


described’? incubating cells at 2% (vol/vol) hematocrit in the 
following media (in mmol/L): A, 140 NaCl, pH 7.4; B, 140 NaNO,, 
pH 7.4; C, 100 NaCl, pH 7.4; D, 100 NaNO,, pH 7.4; E, 140 NaCl, 
pH 7, F, 140 NaNO,, pH 7.0. All media contained 0.1 ouabain, 1.0 
MgCl, (if not otherwise indicated), 0.1 bumetanide, 10 glucose, and 
Tris-MOPS of the pH indicated at 37 °C. 

Cl--dependent K* transport was estimated by subtracting the 
flux in isotonic nitrate media from that in isotonic chloride media 
(A — B), or hypotonic media (C — D), or acid pH media (F — E). 
The volume-dependent K* efflux was estimated from the differences 
between hypotonic and isotonic NaC] (C — A) medium. The C17 
and volume dependent K* efflux was estimated from the difference 
between C1~ and NO, media (C — D). The NEM-stimulated K+ 
efflux was estimated adding 1 mmol/L NEM to mediums A, B, C, 
and D. NEM-stimulated, Cl”-dependent K* efflux was estimated 
from the differences in K* efflux in chloride (A — B) and NO, (B — 
D) media. Time-course measurements of K* efflux every 10 minutes. 
for 80 minutes indicated that initial rates were held for 30 minutes. 
For experiments under deoxy conditions, described below, NEM was 
added prior to deoxygenation. 

To study the effect of ionized Mg** on K* efflux, the external 
Mg?’* concentration was varied between 0 and 0.5 mmol/L in the 
presence and in the absence of | mmol/L Tris EDTA pH 7.4 and 60 
pmol/L/cells of A23187 as previously described.’ In two separate 
experiments, ionized Ca?* was buffered at zero and at 0.137 p molar 
by use of 1.0 mmol/L EGTA and A23187, whereas Mg?* was varied 
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between 0 and 0.5 mmol/L. Total Mg and Ca were determined by 
atomic absorption, and ionized Ca’* was determined by a Ca" 
electrode. 

Deoxygenation of RBCs for flux studies. For the purpose of 
deoxygenation, the chilled RBC suspensions were distributed in six 
15-ce tubes for each flux medium. The rack, placed in a glove bag 
and on an ice bath, was evacuated and then flushed with nitrogen 
continuously and the tubes were agitated by hand for | minute /tube 
and were then capped with serum caps. A sample was removed by 
syringe and read en a Co-oximeter, and three tubes of each set of six 
were removed for a zero-time measurement of extracellular potas- 
sium. The remaining three tubes were then placed in a 37 oC” water 
bath for 30 minutes: at the end of that time, the reaction was stopped 
by cooling in an ice bath for 2 minutes and then the whole tube was 
spun for 5 minutes at 6,000 g in a centrifuge at 5 °C, The superna- 
tant was removed with a plastic pipette and transferred to a plastic 
tube for analysis by atomic absorption spectrophotometry, The final 
percentage deoxyhemoglobin was determined with a Co-oximeter 
(Instrumentation Laboratories, Sudbury, MA}. 

Density gradients. Percoll (colloidal silica coated with polyvi- 
nylpyrrolidone: Pharmacia Fine Chemicals, Piscataway, NJ) and 
Stractan (arabino-galactan polysaccharide, St Regis, West Nyack, 
NY) (prepared as described by Corash et al)‘ gradients were formed 
by centrifugation from a mixture of Percoll and Stractan as previ- 
ously described.’ Fraction SS2, the discocyte fraction with MCHCs 
between 33 and 37 g/dL, as previously described,'® was aspirated by 
pipette after SSI was removed. Fraction AAI, which is defined as 
cells with a MCHC <33 g/dL was similarly isolated. That this 
procedure results in a narrow range of densities can be seen from the 
density gradients shown in Fig 1. 

if RBCs were to be exposed to deoxygenated conditions on density 
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gradients, they were first deoxygenated by alternately flushing with 
humidified nitrogen and application of a moderate vacuum. 
Liganded controls were generated by equilibrating an aliquot of the 
cell suspension with carbon monoxide (CO). All samples were then 
incubated at 37°C for 30 minutes under the described conditions in 
the presence of 0.1 mmol/L ouabain and 10 mmol/L glucose. An 
aliquot was used to measure pH: another was used to measure 
percentage of deoxy hemoglobin with a CO-oximeter. A further 
aliquot of the cell suspension was then transferred in a nitrogen-filled 
glove bag to a centrifuge tube with 5.9 mL appropriate density 
gradient mix to which 50 ul. 100 mmol/L sodium dithionite stock 
solution prepared under nitrogen had been added. The tubes with 
gradient mix and cell suspensions were then centrifuged as usual. 


RESULTS 


Effect of deoxygenation on K:Cl efflux stimulated by 
swelling in SS whole blood. Deoxygenation stimulates K“ 
efflux from SS RBCs: furthermore, we recently demon- 
strated that conditions that induce swelling also induce a 
Ci- -dependent potassium (K:C1) efflux from 55 whole blood 
(as well as young AA RBCs) under fully oxygenated condi- 
tions. The following experiments deal with the question of 
the effect of deoxygenation on the portion of the K* efflux 
that is Cr -dependent. 

Under oxygenated and isotonic conditions, K* efflux is not 
Cl--dependent (Fig 2). In whole blood of an individual with 
Hb SS, exposure to hypotonic oxygenated NaCl medium 
containing ouabain and bumetanide induced “volume-slimu- 
lated” increase in the K* efflux from 4.0 to 11.8 mmol/ 
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Effect of deoxygenation and hypotonic media containing Cl or NO; on the density distribution of SS discocytes (SS2} and AA 


whole blood. Percoll-Stractan continuous density gradients were formulated with C1” or NO, at 220 or 280 mOsm and centrifuged at 37°C. 
All tubes were at pH 7.4 and had 0.1 mmol/L ouabain. All were preincubated for 30 minutes at 37°C with 10 mmol/L glucose, 10 mmol/L 
hepes. 0.1 mmol/L ouabain, and osmolarity, anion, and ligand as described in the text. Oxy $$2 cells in hypotonic NO, media have the same 
density as AA cells in hypotonic media for both the oxy and deoxy states. in contrast, in hypotonic Cl” media, $52 cells have a higher 
density (smaller decrease in MCHC} than do AA cells; however, deoxy SS2 cells have the same density in both Cl” and NO, media. 
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Fig 2. Effect of deoxygenation on initial rates 
of volume and Cl ` -dependent K* efflux from HbSS 
RBCs of a single individual. The volume and CI- 
dependent K” efflux (B through C) is estimated 
from the differences between hypotonic chloride 
media (100 mmol/L NaCi = 8) and hypotonic 
nitrate medium (100 mmol/L NaNO, = C). The 
volume-dependent K` efflux from the differences 
between {C through A) media. RBCs containing 95 
mmol/L cell K* prepared as indicated in the Mate- 
rials and Methods section were incubated at 2% 
(vol/vol) hematocrit in NaCl, or NaNO, as indi- 
cated. All media contained (in mmol/L): 1 MgCh, 7p 
10 glucose, 10 Tris-MOPS pH 7.4 at 37°C. 0.1 Ci 
ouabain, and 0.1 bumetanide. A 
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L/cell x hour (abbreviated FU for flux units) (Fig 2, 
columns A and C). No stimulation was observed in hypotonic 
nitrate medium (column D), as expected for a Cl” -dependent 
phenomena, demonstrating that almost all the volume- 
stimulated (Fig 2, column C-A) K* efflux is Cl” -dependent 
(Fig 2, column D-C). Under isotonic conditions, the increase 
in K* efflux produced by deoxygenation clearly is not 
Cl--dependent, since it also takes place in nitrate (medium 
B) medium (Fig 2, A and B dark columns). Deoxygenation 
did not further increase K* efflux into hypotonic medium: 
however, there is still a volume-stimulated, chloride-depen- 
dent (Fig 2, C-D) K* efflux under deoxygenated conditions 
that is smaller than in oxygenated media. The nearly con- 
stant flux into Cl” media under deoxy isotonic and deoxy 
hypotonic conditions is due to the large Cl” -independent K* 
efflux into deoxy isotonic media. This can be deduced from 
the magnitude of K* efflux-flux into isotonic nitrate 
medium, which increases from 4.3 (Fig 2, B) to 14.0 (Fig 2, 
B dark) FU under deoxy conditions (Fig 2) (dark). 

Table 1 presents the mean values for the volume- 
stimulated and Cl--dependent K* efflux for four patients 
with HbSS disease. This K:Cl efflux under deoxygenation 
was 30% of the flux in oxygen; hence, there was a 70% 


Table 1. 


sheers! 


A 


Oxygen Nitrogen Deoxy 
A {n = 4) 


. Hypotonic swelling 


Cl" -dependent* 9.2 (+2.0) 

Volume-dependentt 8.6 {+ 1.5) 
B. Acid pH swelling {n = 3) 

Cl" -dependentt 5.9 (+ 1.5) 

Volume-dependent§ 5.3 (+0.6) 
C. NEM-stimulated (n = 4) 

Ci-dependent 34.6 (+0.4) 


BCs were loaded by nystatin to contain K* 
Tris-MOPS. 
*CI” -dependent: K+ 


tCl”-dependent: K* 


Inhibition by Deoxygenation of Volume and C1- -Dependent K* Efflux From Whole Blood HbSS RBCs 


90 m/L/cell. Efflux media contained mmol/L): 0.1 ouabain, 0.05 bumetanide, 


efflux estimated as the difference between isotonic NaCl, pH 7 medium and isotonic NaCl 
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inhibition (Table 1), and the mean increase of K* efflux imio 
isotonic nitrate medium in these four subjects was 9 + 8 FU 
(data not shown). The negative value of volume-dependent 
K* efflux in column B is the result of high values in 
deoxygenated isotonic chloride media. 

We previously showed that cell swelling induced by acid 
pH 7.0 in isotonic media! also stimulates K:Cl efflux. The 
effect of deoxygenation on the K:Cl efflux stimulated by pH 
7 was studied in whole cells from three patients with Hb SS 
(bottom of Table 1). We found that the volume-stimulated, 
Cl”-dependent K:Cl efflux decreased 62% upon deoxygena- 
tion, whereas the K* efflux into isotonic NaNO, medium at 
pH 7 increased from 4.3 to 13 FU (data not shown). 

Previous studies have shown that the K:Cl efflux from 
HbSS RBCs can also be stimulated by NEM under isotonic 
conditions.’ Table 1 also shows that the basal NEM- 
stimulated K:Cl efflux from whole HbSS RBCs is not 
significantly different in oxy and deoxy conditions. 

Effect of deoxygenation on the volume-stimulated polas- 
sium efflux from density-separated SS cells. Since we 
previously reported that the activity of the volume-stimu- 
lated K:Cl efflux is found mostly in young RBCs, we 
fractionated Hb SS RBCs by centrifugation in Stractan- 
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(mean + SE) 
B A-B 
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2.7 {+14.9 6.4 {20.768} <0 O05 
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2.0{+1.1) 3.3 (+0.8} <O.01 
34.9 {+40.4} 0 NS 
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efflux estimated as the difference between 100 mmol/L CI” and 100 mmol/L nitrate medium. 
tVolume-dependent: K* efflux estimated as the difference between hypotonic (100 mmoi/1.) 


and isotonic (140 mmol/L} NaC! medium. 
pH 7.4 medium. 


§Votume-dependent: K* efflux estimated as the difference between pH 7 and 7.4 NaC! (140 mmol/L) medium. 
1 mmol/L NEM was used as an activator as described in the Materials and Methods section. 
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Percoll isopycnic continuous gradients to obtain SS2 contain- 
ing mainly discocytes. Due to increased RBC destruction, 
these cells are quite young in SS patients. Table 2 (section A) 
shows the effect of deoxygenation on basal and on volume- 
stimulated K:Cl efflux in fraction SS2 RBCs from five 
subjects with SS disease. The volume-stimulated K* efflux 
under oxygenated conditions varied between 35.9 and 6 FU, 
whereas efflux from deoxygenated cells varied between 22.4 
and 0.8 FU. The volume-stimulated K:C! efflux decreased by 
a mean value of 8.4 FU, which represented a 48% inhibition 
of the values recorded under oxygenated conditions. 

Effect of deoxygenation on K* efflux stimulated by 
swelling in AA cells. Although in subjects with SS disease 
a large fraction of the circulating cells are young cells, in 
subjects with Hb AA the proportion of reticulocytes is very 
small (1% to 2%). We have shown, however, that in subjects 
with recently treated nutritional anemias and a high percent- 
age of circulating reticulocytes, the K:Cl efflux can be as 
high as that observed in young SS RBCs.” We report here 
the effect of deoxygenation on the volume-stimulated K:Cl 
efflux in reticulocytes (fraction AA1) of three normal sub- 
jects (Table 2, section B). As previously reported, all 
volume-stimulated K* efflux was Cl°-dependent in AA 
reticulocytes under oxygenated and hypotonic conditions. 
Deoxygenation decreased the magnitude of the volume- 
stimulated K:Cl efflux from 20.7 to 9.5 FU, which is a 54% 
inhibition relative to its activity under oxygenated condi- 
tions. In AA cells, the volume-stimulated K:Cl efflux is 
inhibited by deoxygenation without a significant increase in 
K* efflux into nitrate medium as is observed in the RBCs of 
patients with HbSS (data not shown). 

Effect of deoxygenation on the density of SS RBCs in 
hypotonic medium. Density gradients formulated from 
Percoll and Stractan are linear for ~ 70% of their span. We 
have previously demonstrated that when oxygenated SS cells 
are exposed to hypotonic medium with nitrate as the external 
anion, they swell, thereby reducing their density, and achieve 
a final density comparable to that of AA cells under the same 
conditions.” In contrast, in Cl~-containing medium, the 
response of some (30% of SS2, ref. 3), but not all SS cells to 
hypotonic medium is smaller than that of AA cells. This is 
due to activation of the volume-stimulated K:Cl efflux in the 
SS cells, which is accompanied by water loss and in turn 
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results in a lower RBC volume (higher density) at equilibri- 
um. One possible explanation for the inhibitory effect of 
deoxygenation on the volume-stimulated K* efflux is that 
red cells swell less in hypotonic media under deoxygenated 
conditions. To test this possibility, we examined AA whole 
blood and SS2 (density-separated SS discocytes} under oxy 
and deoxy conditions in isotonic and hypotonic media con- 
taining either Cl or nitrate as the anion (Fig 1). We found 
that SS2 cells in nitrate medium respond to hypotonic 
conditions with a volume increase under both oxy and deoxy 
conditions. Some,’ but not all, oxygenated SS cells in hypo- 
tonic Cl” media partially restore their MCHC (by a CI- 
dependent K* efflux) to isotonic values, however, and there- 
fore exhibit higher density than cells under the same condi- 
tions in nitrate media. In contrast, under deoxy conditions 
SS2 cells in hypotonic chloride media do not increase their 
density. This indicates that the volume regulatory decrease 
response does occur in SS cells under oxygenated conditions 
and that it is inhibited under deoxygenated conditions. 

Effect of Mg’* on K* efflux. To study the mechanism of 
the deoxygenation-induced inhibition of the volume-stimu- 
lated K:Cl efflux, we studied the regulatory effect of cyto- 
solic Mg?*. Studies by Flatman and Lew” of Mg’* buffering 
in human RBCs have indicated that at external Mg?’ 
concentration of 0.15 mmol/L (corresponding to our interna! 
ionized concentration of 0.4 mmol/L), the addition of the 
ionophore A23187 does not produce changes in the Mg” 
content of the cells. As shown in Table 3, reduction of 
external Mg’* did not modify the inhibitory effect of deoxy- 
genation on K:Cl efflux in SS cells. In contrast, when the 
intracellular Mg’* concentration is fixed at a level between 0 
and 0.15 mmol/L with use of the ionophore A23187 and 
EDTA, deoxygenation no longer inhibited the K:Cl efflux. 
Furthermore, when the intracellular concentration was 
raised to 0.5 mmol/L the K:Cl efflux was inhibited even in 
the oxygenated state. 

Because cytosolic calcium is an activator of some K7 
channels, experiments were performed with ionized cytosolic 
Ca?* equa! to zero. To exclude the possibility that it is the 
removal of cytosolic Ca** which inhibits the volume-depen- 
dent K:Cl transport under deoxy conditions, we also per- 
formed two experiments using A23187 + EGTA and vary- 
ing cytosolic Mg** while ionized Ca°* was buffered at 0 and 


Table 2. Inhibition by Deoxygenation of Volume and Cl -Dependent K’ Efflux From HbS Discocytes (S52) and HbA Reticulocytes (AA1)} 
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AA1, the least dense AA cells that have an MCHC of <33 g/dL. SS2, discocyte fraction from SS whole blood with MCHCs ranging from 33 to 37 
g/dL. Both reticulocytes and dense cells were selectively removed from this fraction. Cl, Ci -dependent K* efflux as defined in Table 1: V, 


volume-dependent K* efflux as defined in Table 1. 


*Basal K* efflux was measured incubating the K *-loaded cells (in mmol/L) 140 Na, 0.1 ouabain, 0.01 bumetanide, 10 glucose, and 10 Tris-MOPS, 


pH 7.4. 
+P values <0.005; tP values < 0.025. 
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Table 3. Effect of lonized Mg’ on Volume-Stimulated, 
Chloride-Dependent K* Efflux Under Oxygenated and 
Deoxygenated Conditions from HbSS RBCs 


A B 
Volume-Stimulated— 
C1” Dependent 
K* Efflux 

Medium ales Beki 

Mg A23187 EDTA cell/h N: (A-B) 
1. Tn-675 —— — + 15.7 11.3 4.4 
— + + 10.5 10.3 None 
0.16 + — 7.8 8.3 None 

0.5 + — 12.1 6.4 5.7 
2. EM-574 _— — -+ 5.3 4.0 1.3 
—- + -+ 3.7 4.3 None 
0.15 + — 4.0 4.2 None 

0.5 + — 5.4 2.5 2.9 

3. WR-574 — ~ + 26.3 17.7 8.6 
a + + 20 16.0 ~—4.0 

0.15 + ~=- 17.5 18.0 1.5 
0.5 + -— 18.7 19.5 None 


Incubation contained (in mmol/L) 100 NaCl, or 100 NaNO, 10 
Tris-MOPS (pH 7.4) 60 mmol/L/cell of A21387, 1 mmol/L Tris-EDTA, 
10 glucose, 0.1 ouabain, 0.1 bumetanide. The differance between CIT 
and NO,” media estimated the volume and chloride-dependent K* efflux. 
The standard deviation of the flux fluctuated between 0.2-0.3 units. 


at 0.137 umol/L, which is somewhat higher than the physio- 
logic cytosolic Ca** levels of 0.04 nmol/L. These experi- 
ments indicate that the removal of Ca did not modify the 
response of the K:Cl system to deoxygenation. 


DISCUSSION 


The data demonstrate that the volume-stimulated, Cl-- 
dependent K* efflux (K:Cl efflux) characteristic of SS and 
young AA red cells™*”? is drastically inhibited by the deoxy- 
genation of these cells. The inhibition of the volume- 
stimulated K:Cl efflux in both AA and SS cells strongly 
argues against a specific effect of HbS in the regulation of 
this pathway. In SS cells only, deoxygenation stimulated a 
chloride- and volume-insensitive K* efflux. The data clearly 
establish that under hypotonic conditions the deoxygenation- 
induced K* efflux described by Tosteson and colleagues® 
takes place through two pathways which are separate and 
distinct and, within the conditions studied, noninteractive 
pathways. This aspect of our findings agree with the observa- 
tion of Berkowitz and Orringer'’* that deoxygenation in 
isotonic media stimulates a Cl~-independent K* influx. 

The study of the inhibition of the volume-stimulated K:Cl 
efflux by deoxygenation was extended to density-separated 
RBCs prepared from SS and AA blood. In SS blood, the 
reversible discocyte fraction with normal MCHC (SS2), 
which is largely composed of young cells due to the active cell 
destruction observed in these patients, exhibits approxi- 
mately double the volume-stimulated K:Cl efflux when 
compared with whole SS blood; but the inhibitory effect of 
deoxygenation is similar (~ 50%). The same inhibitory effect 
is noted in the lightest fraction of AA RBCs (AAI), which 
contains reticulocytes and other normal RBCs. These results 
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are in accordance with the K:Cl efflux residing largely in the 
population of young RBCs. 

In contrast, the NEM-stimulated K:CI efflux was not 
inhibited by deoxygenation. This difference is not surprising 
because K:C] transport is also insensitive to ATP depletion 
whereas the NEM-stimulated flux is inhibited by it,’* sug- 
gesting that different mechanisms of activation are 
involved. 

Studies of the effect of divalent ions on the K:Cl transport 
in sheep RBCs have shown that high intracellular concentra- 
tions of Mg”* inhibit this ion pathway.'* For this reason, we 
explored the possibility that cytosolic Mg’* concentrations 
could mediate the deoxygenation-induced inhibition of the 
K:Cl efflux. Although removal of external Mg** did not 
influence the K* efflux in oxygenated or deoxygenated 
RBCs, clamping of the internal Mg’* by A23187 at 0 to 0.15 
mmol/L drastically reduced the inhibitory effect of deoxy- 
genation on the K:Cl efflux. Experiments under oxy and 
deoxy conditions with both zero and elevated cytosolic ion- 
ized Ca?* indicated that Ca** was not involved in the 
response of the K:Cl system to deoxygenation. Higher cyto- 
solic concentrations of Mg?* inhibited K:Cl efflux both in 
oxy and deoxy conditions. Of interest are the recent studies 
by Bookchin et al’ indicating that HbSS RBCs have a total 
Me” content similar to that of AA cells. 

The increase of free Mg’* in deoxygenated RBCs is 
principally due to the elevated association constants of 
deoxygenated hemoglobin with ATP and 2,3-DPG as com- 
pared with Mg**-ATP and Mg?t-2,3-DPG; hence, deoxy- 
genation results in the displacement of Mg?* from these 
complexes. Evidence that these are the dominant interactions 
in RBCs comes from the close agreement between the 
calculated values predicted by Berger et al'’ and the values 
observed in the intact RBC by P-31 NMR by Gupta et al.' 

We conclude that the Cl--dependent K* efflux character- 
istic of young AA and SS cells is inhibited by deoxygenation 
through the increase in the cytosolic concentration of Mg?* 
that occurs secondary to the loss of ligand by hemoglobin and 
the binding to 2,3 DPG. 

The presence of a deoxygenation-induced inhibition of 
K:Cl efflux has potential pathophysiologic importance in 
sickle cell anemia. Low pH can produce cell swelling and 
stimulate potassium efflux via this mechanism, which would 
tend to decrease cell volume. This is a prosickling event as 
previously discussed'? and can explain, at least partially, the 
negative effects generated by the infusion of acid solutions in 
sickle cell anemia patients.'? Nevertheless, a simultaneous 
decrease in pH and deoxygenation, as may occur in the 
microcirculation, would be negated by the inhibition of the 
K:Cl efflux and the cells would benefit from an increase in 
cell volume and a reduction of MCHC, a situation that 
decreases the tendency of HbS to polymerize. Interindividual 
variability in the expression of these fluxes (reported by us 
previously”*) could be a contributor to the interpatient 
variability in severity observed in this disease. 
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Evidence for Direct Action of Human Biosynthetic (Recombinant) GM-CSF on 
Erythroid Progenitors in Serum-Free Culture 


By Anna Rita Migliaccio, Milena Bruno, and Giovanni Migliaccio 


The biologic activity of human biosynthetic granulocyte- 
monocyte colony stimulating factor (GM-CSF) was investi- 
gated in serum-free culture of erythroid progenitors 
derived from adult peripheral blood. The/morphology of 
erythroid bursts and the cloning efficiency of BFU-E under 
serum-free conditions were similar to those observed In 
dishes with fetal bovine serum (FBS). For these experi- 
ments, progenitor cells were partially purified by Ficoll- 
Paque density centrifugation, adherence to a plastic sur- 
face, and complement-mediated cytotoxicity of Leu-1* 
elements, For some studies, biastlike cells were harvested 
directly from 6-day-old semisolid cultures. In serum-free 
culture of the light-density cell fraction, biosynthetic ery- 
thropoietin (Ep) was sufficient for formation of pure and 
mixed erythroid colonies whereas GM-CSF was required 


UMAN granulocyte-monocyte colony-stimulating fac- 
tor (GM-CSF) has been identified in the conditioned 
medium of T lymphocytes responding to lectin and of some 
tumor cells' on the basis of its capacity to induce the 
formation of colonies composed of granulocytic and mono- 
cytic elements in cultures of progenitor cells from human 
marrow or blood.* A 22,000 dalton GM-CSF was purified 
from medium conditioned by the Mo-T lymphoblastoid line 
(Mo).? Recently, complementary DNA clones have been 
isolated,“ and GM-CSF has been obtained following tran- 
sient cDNA expression in monkey kidney COS cells.‘ The 
availability of biosynthetic and pure GM-CSF allows in vivo 
and in vitro analysis of the biologic activity of GM-CSF 
preparations free from contamination by other growth fac- 
tors.** 

Previous studies have suggested that biosynthetic GM- 
CSF preparations have burst-promoting activity (BPA) 
because they stimulate the formation of erythroid bursts in 
the presence of erythropoietin (Ep).*" These results have 
been confirmed with highly purified progenitor cells from 
adult bone marrow in standard fetal bovine serum (FBS)- 
supplemented semisolid cultures.* 

We recently developed serum-free culture conditions that 
allow optimal growth of human erythroid progenitors in 
terms of cloning efficiency, colony size and degree of cell 
differentiation.” We used this system to investigate the 
biologic activity of biosynthetic GM-CSF under circum- 
stances in which serum factors could not play a role. 


MATERIALS AND METHODS 


Cell preparation. Heparinized peripheral blood from five appro- 
priately informed adult (aged 30 to 35 years) volunteers was diluted 
1:1 in Iscove’s modified Dulbecco’s medium (IMDM) and the 
light-density cell (LDC) fraction was separated by Ficoll-Paque 
gradient centrifugation (Pharmacia, Uppsala, Sweden). Removal of 
adherent cells was achieved by 2 x 20-minute adherence to a plastic 
surface where indicated (mean cellular recovery ~ 70% to 75%). The 
final monocyte concentration in nonadherent LDC (LDC-Ad_) was 
4% as evaluated by AD acetate esterase staining. Removal of T 
lymphocytes (LDC-Ad-T-) was accomplished by complement- 
mediated cytotoxicity after incubation of the LDC-Ad™ cells with the 
anti-human pan-T cytotoxic antibody Leu-1 (Becton Dickinson, 
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for granulocyte-monocytic colonies. When adherent and 
Leu-1* cells were removed, or when in vitro differentiated 
blast cells were used as a source of progenitors, neither Ep 
or GM-CSF alone induced colony formation. In dishes 
supplemented with both growth factors, erythroid bursts 
were detected. Although the presence of GM-CSF alone 
did not Induce formation of any colony or clusters, BFU-E 
were recorded when Ep was added 8 days later, suggesting 
that BFU-E could be maintained. Terminal maturation of 
the resulting erythroid bursts was delayed by 8 days. 
These results provide evidence that GM-CSF acts directly 
on early erythroid progenitors. Furthermore, they suggest 
that both Ep and GM-CSF are necessary to start the 
differentiation process. 

© 1987 by Grune & Stratton, Inc. 


Mountain View, CA). In this case, the mean cell recovery was 20% 
to 30%, and the residual concentration of Leu-1* cells, evaluated by 
indirect immunofluorescence, was 5% to 10%. 

Hemopoietic growth factors. Either partially purified human 
Ep (step I, specific activity 1,000 IU/mg protein, Terry Fox 
Laboratories, Vancouver, Canada) or pure biosynthetic human Ep 
(specific activity 70,000 IU/mg, Amgen, Thousand Oaks, CA) was 
used. BPA activity was provided by medium conditioned by the Mo 
line? or by pure biosynthetic GM-CSF obtained from serum-free 
medium conditioned by COS monkey kidney cells transfected with 
the GM-CSF cDNA clone in the expression vector p91023 as 
described.“ 

Control cell culture. Each 1-mL plate contained the following 
components in IMDM": methylcellulose (0.8%, final concentra- 
tion), 8-mercaptoethanol (7.5 x 10-* mol/L), a selected heat- 
inactivated lot of FBS (No. 2919130, Flow laboratories, Glasgow, 
Scotland) (40%, vol/vol) and nucleated cells (3 x 10° peripheral 
blood LDC). In some experiments, the LDC-Ad™ or LDC-Ad~T- 
cells derived from 3 x 10° peripheral blood LDCs, were plated. An 
aliquot was counted, and the residual number of adherent and 
Leu-1* cells was evaluated (described above). Ep (1.5 to 2 IU/mL) 
was added where indicated. 

Serum-free culture. FBS was substituted by deionized bovine 
serum albumin (BSA) and BSA-adsorbed cholesterol (final concen- 
trations, 2 x 107‘ mol/L in both cases), iron-saturated transferrin 
(5 x 107’ mol/L), insulin (1.7 x 107® mol/L), nucleosides (10 
ng/mL each), sodium pyruvate (10~* mol/L) and L-glutamine (2 x 
10~? mol/L) as previously described.’ 

Cultures were established in duplicate. Plates were incubated at 
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37°C in a fully humidified incubator with 5% CO, in air, and 
erythroid bursts were scored at 12 to 14 days according to standard 
criteria. The number of erythroblasts in each colony and their degree 
of maturation (ie, the ratio between immature and mature erythro- 
blasts per dish) was evaluated as described.’ In some experiments, 
CFU-GM colonies were also counted. Mean values + SD from at 
least three separate experiments are presented. 

Colony replating experiments. Clusters of 10 to 20 cells were 
individually removed in a small culture volume (3 al) with a thin 
Pasteur pipette from 6-day-old serum-free cultures of LDC-Ad™ 
peripheral blood cells stimulated with GM-CSF (107° mol/L) and 
Ep (1.5 IU/mL}. Each cluster was transferred to a separate 
microwell containing 200 uL FBS-free culture media supplemented 
or not with Ep and/or GM-CSF. Some clusters were transferred to 
Ep-supplemented FBS-rich cultures as a control. The microwells 
were then scored at 14 days. Colonies containing > 500 erythroid 
cells were considered BFU-E~derived colonies. 


RESULTS 


Cloning of human BFU-E in serum-free culture. The 
cloning efficiencies of erythroid progenitors from adult 
peripheral blood in FBS-rich and serum-free cultures are 
compared in Table 1. BFU-E cloning was strictly dependent 
on the presence of Ep. Semipurified urinary (uEp) (data not 
shown) and biosynthetic (rEp) Ep (Table 1) induced a 
comparable number of BFU-E-derived colonies in both 
FBS-rich and serum-free cultures in the absence of an 
external source of BPA. Addition of Mo-CM or GM-CSF 
did not increase the number of erythroid bursts (Table 1). 
This apparent BPA-independent growth of adult erythroid 
progenitors was not simply due to BPA contamination of 
some nutrients (ie, BSA), because removal of adherent cells 
completely abolished this effect (see below). 

Effect of GM-CSF and/or Ep on the cloning of human 
BFU-E from LDC-Ad” and LDC-Ad T fractions. When 
the adherent cells were removed, BFU-E cloning under 
serum-free conditions was dependent on the simultaneous 
presence of Mo-CM (a source of BPA) and Ep (Fig 1A and 
B). Some of the BFU-E clones (10% to 20%) were mixed 
colonies. GM-CSF could also be used as a source of BPA and 
induced erythroid colony formation in the presence of Ep ina 
concentration/dependent fashion (Fig 1A). The maximal 
frequency of erythroid bursts was observed at a GM-CSF 
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Table 1. Colonies Generated by Human Progenitors From Normal Adult Blood in FBS-Rich and Serum-Free Culture 
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Fig 1. (A) GM-CSF dose/response of BFU-E-derived colonies 


from the LDC-Ad™ fraction in the presence of saturating amounts 
of recombinant Ep (1.5 IU/mL}. Mo-CM-supplemented cultures 
(1%, vol/vol) are presented as controls. The CFU-GM colonies 
were also scored, and their maximal number per dish was 9.2 + 4 
(GM-CSF, 10°° mol/L + Ep. 1.5 IU/mL}, under these serum-free 
conditions. (B) Natural v biosynthetic Ep dose/response curve on 
adult BFU-E~derived colonies from LDC-Ad™ fraction of peripheral 
blood in serum-free cultures supplemented with Mo-CM (10% 
vol/vol) or GM-CSF (10°°° mol/L). respectively. The colony num- 
bers are expressed per 3 x 10° LDC. 


concentration of 10°" mol/L and was generally lower than 
the frequency of bursts detected in cultures supplemented 
with Mo-CM (Fig 1A). This was not due to a nonspecific 
effect of the elution buffer used during the GM-CSF purifi- 
cation because its addition te control dishes at a volume 
corresponding to the maximal GM-CSF concentration used 
did not affect the BFU-E cloning efficiency (data not 
shown). 

The colonies induced by GM-CSF were smailer than the 
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FBS-Rich Serum-Free 

Calis Stimulus BFU-E CFU-GM BFU-E CFU-GM 

LDC — 0 49 +7 Q 0 
(3 x 10° rEp 69 +3 17+4 70 +6 5+ 5 
cells/plate) Mo-CM 0 46 r9 0 35 + 5 
Mo-CM + rEp 65 +5 1022 67 +5 10 1 
GM-CSF 0 42 +5 0 19 +6 
GM-CSF + rEp 67 + 3 19 +4 6324 14+3 

LDC-Ad T7 -l 0 0 0 0 

{6 x 10° rEp +4 0 0 QO 
cells/ptate) Mo-CM 0 36 + B (8) 21223 
Mo-CM + rEp 48 + 10 3+ 7 33 +3 Ta2 

GM-CSF 0 13.47 0 0 

GM-CSF + rEp 20 +5 11 45 25 +47 0 


a nee erent RRR TTT 


Values are mean + SD from three separate experiments. 
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Fig 2. Survival of BFU-E progenitors from the LDC (O) or 
from the LDC-Ad” {—A-—) fraction of peripheral blood upon 
sequential addition of recombinant Ep (1.5 IU/mL}. Ep waa added 
at day 0, 4, 8, or 12 of cultures, and maximal numbers of pink-red 
erythroid colonies were detected at days 12, 16, 20, and 24, 
respectively. GM-CSF (107° mol/L) was added at day 0 in some of 
the LDC-Ad™ cultures (—@—}. 


colonies in Mo-CM-stimulated cultures (the mean ceilular 
number per colony was 7 x 10° and 10‘, respectively), 
GM-CSF-induced colonies contained only erythroid cells, 
and their mean maturation time was 2 days shorter than 
observed for Mo-CM (the ratio between mature and imma- 
ture erythroblasts was maximal at 14 to 15 and 16 to 17 days 
of culture, respectively). 

The Ep dose/response curves on progenitor cells derived 
from the LDC-Ad™ fraction of peripheral blood and stimu- 
lated either with Mo-CM or GM-CSF are shown in Fig 1B. 
uEp was used in Mo-CM-supplemented cultures, and rEp 
was used in GM-CSF-—supplemented cultures. Preliminary 
experiments did not show significant differences in the 
dose/response curve of uEp and rEp in FBS—supplemented 
cultures (data not shown). Similarly, no difference was 
observed in the recombinant Ep dose/response curve in 
serum-free culture when adherent cells? or GM-CSF (Fig 
1B) were used as a source of BPA. The Ep concentration 
required for 50% of the maximal cloning efficiency in 
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GM-CSF-stimulated LDC-Ad~ cultures, however, ap- 
peared slightly lower than the dose required in Mo-CM-— 
stimulated cultures. 

The BPA activity -of GM-CSF persisted when the Leu-17 
cells were removed (Table 1). Erythroid bursts derived from 
these LDC-Ad-T cells were morphologically equivalent to 
those obtained from the LDC fraction. 

Survival of BFU-E progenitors in serum-free cultures in 
delayed Ep addition experiments. When Ep was added 
after 4 or 8 days in culture of the LDC fraction of peripheral 
blood, more than one third of the original number of BFU- 
E-derived colonies were observed (Fig 2). Maximal numbers 
of erythroid colonies were always observed 12 days after the 
time of Ep addition, however (ie, at 16 or 20 days of culture, 
respectively) whereas the morphology and the size of the 
colonies were not affected. The decreased BFU-E cloning 
efficiency after delayed Ep addition could be due to evolving 
suboptimal culture conditions with time. 

Removal of adherent cells completely abolished the BFU- 
E survival (Fig 2), suggesting that this effect was mediated 
by factors produced by macrophages. The addition to the 
culture at day 0 of GM-CSF (107° mol/L) partially 
restored the maintenance of BFU-E in LDC-Ad™ ceil cul- 
tures (Fig 2). 

Formation of erythroid bursts from single clusters under 
serum-deprived conditions. To clarify whether GM-CSF 
promoted the growth of erythroid progenitors directly or 
indirectly by activating contaminating cells to release BPA 
in vitro, erythroid progenitor cells were purified by collecting 
clusters of blastlike cells (10 to 20 cells/cluster) from 
6-day-old serum-free cultures supplemented with Ep and 
GM-CSF. No such clusters were seen in dishes supple- 
mented with only GM-CSF or Ep. Each cluster was trans- 
ferred to a separate microwell and cultured for another 8 
days. The results are summarized in Table 2. In FBS-rich 
cultures, 82% of the transferred clusters gave rise to ery- 
throid colonies. Under serum-deprived conditions, no or very 
few clusters differentiated without addition of growth factors 
or in the presence of Ep or GM-CSF alone. The combination 
of both growth factors gave rise to erythroid colonies with 
65% of recloning efficiency. 

Effect of GM-CSF on the cloning of human CFU- 
GM. Under serum-free conditions, the nutrients required 
to grow murine erythroid progenitors are similar to those 
required by granulocyte-monocytic progenitors (ref. 11; 
Magliaccio, Bruno, Magliaccio, unpublished observations). 
Furthermore, the survival of human erythroid progenitors is 
dependent on culture conditions more complex than those 


Table 2. Erythroid Differentiation From Blast Cell Clusters Generated at Day 6 in GM-CSF-Supplemented Serum-Free Cultures of 
LDC-Ad’ Peripheral Blood Cells and Singly Transplanted in Microwells 





Stimulus in PBS nich 
Secondary Cultures Ep 
No. of microwells in which cell clusters 11 
were singly replated at day 6 
No. of microwells in which >500 ery- 9 
throid calls were recognized at day 14 
Percentage of recioning 82 


A representative experiment is presented. 


FBS-Free 
None rEp GM-CSF GM-CSF + rEp 
11 21 23 23 
0 3 1 16 
0 14 4 65 
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colonies from the LDC fraction of peripheral blood. 


required by human CFU-GM." For these reasons, we used 
the serum-free conditions that we developed for human 
BFU-E to culture human CFU-GM. 

When the LDC fraction of peripheral blood was used as 
source of progenitor cells, the cloning of CFU-GM under 
serum-free conditions was strictly dependent on addition of 
GM-CSF (Fig 3). Maximal number of granulocyte-mono- 
cytic colonies were observed at a GM -CSF concentration of 
10°}? mol/L (Fig 3), which has very low BPA (Fig 1A). Both 
monocyte and/or granulocyte colonies (5 x 10° cells/ 
colony), morphologically identical to those obtained in cul- 
tures supplemented with FBS were detected. 

When adherent and Leu-1* cells were removed, GM-CSF 
was sufficient to induce CFU-GM colony formation in 
EBS-rich but not in serum-free cultures (legend to Fig 1A 
and Table 1). 


DISCUSSION 


Biosynthetic GM-CSF has multilineage stimulatory activ- 
ities because it supports the formation of colonies along the 
macrophage, granulocyte, and erythroid differentiation 
pathways in FBS-supplemented culture.* Some of the ery- 
throid colonies also contain granulocytic and macrophagic 
elements and this led to the conclusion that human GM-CSF 
has an effect on the proliferation and/or differentiation of 
multipotential progenitor cells.® 

Formation of hematopoietic colonies in culture depends on 
the interplay of several factors. These factors may derive 
from accessory cells or be present in FBS. For these reasons, 
we investigated the BPA of biosynthetic GM-CSF in serum- 
free cultures of progenitor cells obtained from adult periph- 
eral blood. 

Under serum-free conditions, the LDC fraction of adult 
peripheral blood (as well as the unf ractionated bone marrow, 
unpublished observations) produced sufficient BPA endoge- 
nously to sustain maximal BFU-E cloning in the presence of 
Ep (Table 1). These systems were therefore not suitable to 
investigate BPA. When adherent and Leu-! * cells were 
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removed, however, no BFU-E-derived colonies were 
observed in serum-free cultures of peripheral blood (Fig 1A 
and Table 1), although such colonies persisted in cultures of 
marrow cells (data not shown; also ref. 13). For this reason, 
blood was chosen as source of progenitor cells to investigate 
the BPA of recombinant GM-CSF. 

In serum-free cultures of Ad~T~ blood cells, GM-CSF 
alone did not induce the formation of colonies or clusters, 
although Ep and GM-CSF together induced the formation of 
pure erythroid bursts. The number of erythroid bursts was 
dependent on the concentrations of both Ep and GM-CSF. 
The lack of CFU-GM~cerived colonies in GM-CSF-supple- 
mented serum-free cultures of partially purified progenitor 
cells is difficult to interpret. It may reflect either culture 
conditions nonoptimal in terms of nutrients or growth fac- 
tor(s) or the presence of inhibitory factor(s) released from 
residual accessory cells. As shown in Table | and Fig 1A, the 
maximal number of erythroid bursts induced by GM-CSF in 
the presence of Ep was less than the number observed in 
serum-free cultures supplemented with Mo-CM and Ep. 
Similarly, under FBS-rich conditions, fewer bursts have been 
reported in cultures of human’ or murine’ cells stimulated 
with Ep and GM-CSF than in cultures stimulated with Ep 
and conditioned media. Because GM-CSF-~induced colonies 
were smaller and matured 2 days earlier than colonies 
induced by Mo-CM, they may represent only a fraction of 
the total BFU-E population in human peripheral blood, 
perhaps the most differentiated one. 

Progenitor cells represented 0.1% of the LDC-Ad T” cell 
fraction and 5% of the monocytes, and 5% to 10% of the T 
lymphocytes were not removed by the purification proce- 
dure. The effects on BFU-E observed in the presence of 
GM-CSF may have been indirectly mediated through stimu- 
lation of BPA production by accessory cells. GM-CSF 
sustained the differentiation of erythroid colonies from single 
clusters of blast cells in the presence of Ep, however, suggest- 
ing a direct effect. 

No colony or cluster was observed in cultures of LDC-Ad™ 
cells in the presence of GM-CSF. Experiments with delayed 
Ep addition indicate, however, that the erythroid progenitors 
were maintained for at least 8 days in these dishes (Fig 3). 
When Ep was added in these GM-CSF-supplemented cul- 
tures, erythroid colonies were detectable 12 days later. This 
last result suggests that the process of erythroid differentia- 
tion in its early phases requires the presence of both factors. 
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Human Blood Basophils Display a Unique Phenotype Including 
Activation Linked Membrane Structures 


By Christoph Stain, Hannes Stockinger, Michael Scharf, Ulrich Jager, Heinz Gossinger, 
Klaus Lechner, and Peter Bettelheim 


To evaluate the membrane marker profile of human baso- 
phils a panel of well-established monoclonal! antibodies 
(MoAbs, n = 60) was used for a combined toluidine/ 
immunofluorescence staining procedure. Myeloid-asso- 
ciated MoAbs (particularly MoAbs against the LFA-1 family 
(CD11, CD,18}), MoAbs directed against lactosylceramide 
(CD17), anti-glycoprotein (gp) 150 MoAbs MCS 2 and MY 
7 (CD,,13), anti-gp 67 MoAb MY 9, anti Fey-receptor (mol 
wt 40 kd) MoAb CIKMS5, anti-CR 1 MoAb E 11, and the 
antiglycolipid MoAb VIM-2) were reactive with basophils, 
indicating a close relationship to other mature myeloid 
cells. Under normal conditions, basophils surprisingly 
express at least three activation-linked structures not 
detectable on mature neutrophils, ie, the p45 structure 
defined by MoAbs OKT-10 and VIP-2b, the p24 structure 
identified by the CD9 MoAb BA-2, and the receptor for 
interleukin 2 (IL 2) recognized by three different MoAbs 
{anti-TAC, IL2RI, anti-iL 2). Moreover, under short-term 


UMAN BASOPHILS represent a distinct minority of 

peripheral blood cells with a prevalence of 0.5% of 
total leukocytes.’ Mature basophilic cells have to be dis- 
tinctly differentiated from neutrophils and eosinophils in 
terms of their physiologic role. So far, evidence of basophil 
differentiation was mostly restricted to the identification of 
morphological characteristics and biochemical activities.” 
In contrast to neutrophils and eosinophils, the expression of 
membrane antigens has hitherto not been investigated in 
detail.*'' This is due to the small amount of basophils in the 
peripheral blood and to the fact that basophils, which unlike 
neutrophils and eosinophils remain in mononuclear cell 
(MNC) preparations, cannot be distinguished from other 
cells in MNC analyses unless additional cytochemical stain- 
ing procedures are performed. Using a combined cytochemi- 
cal (toluidine) and immunologic (monoclonal antibodies, 
MoAbs) staining procedure, we were able to analyze the 
antigenic membrane profile of this cell type. 
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culture conditions basophils both in mononuclear cell 
{MNC) suspension and as purified fractions display the 
HLA-DR and T4 antigens. The neutrophilic /eosinophilic 
structure 3-fucosyl-N-acetyliactosamine is expressed on 
basophils only after neuraminidase treatment. Basophils 
were not stained at all by CD16 MoAbs directed against the 
Fc y-receptor (mol wt 50 to 70 kd) of neutrophils, by the 
MoAb 6303 (CD12) recognizing the monocyte/ granulo- 
cyte-associated p 200 antigen, and by the CD,,14 antibod- 
ies (VIM-13, Mo 2) defining the monocyte-specific struc- 
ture p 55. Enriched basophils freshly obtained from chronic 
granulocytic leukemia (CGL) patients yieided identical 
results in FACS analyses. In summary, these data indicate 
that basophils generate a unique combination of surface 
determinants and possibly represent an activated cell 
population. 

@ 1987 by Grune & Stratton. Inc. 


MATER'ALS AND METHODS 


Cell Preparation 


MNC were isolated by gradient centrifugation on Ficoll-Hypaque 
(Pharmacia, Uppsala, Sweden) and were then subjected to staining 
with MoAbs. Neutrophils obtained from healthy controls {n = 3) 
were prepared by standard techniques as previously described.” 
Eosinophils were isolated from two patients with hypereosinophilia 
and from two patients suffering from transient drug allergy. Purity 
of these cell fractions was >90%. 


MoAbs 


The MoAbs used in this study and referred to as belonging to a 
cluster of differentiation (CD) or for being reactive with a well- 
defined structure were: Leu | (CD45), Leu 2a (CD8), Leu 3a (CD4), 
Leu 4 (CD3), Leu 7 [human natural killer (NK) cells], Leu lla 
(CD16), and anti HLA-DR (Becton Dickinson, Sunnyvale, CA); 
MY 7 (CD,13}, MY 9 (anti-p67), Mo 2 (CD 14), T4 (CDs), 1S 
(CD8), Tit (CD2), Bi (CD20), B2 (CD21), B4 (CD19), and IL. 2 
RI (CD25) (Coulter Immunology, Hialeah, FL); BA-1 (CD24), 
and BA-2 (CD9) (Hybritech, San Diego); OKT-1 (CDS), OKT-9 
(antitransferrin receptor), OKT-10 (p45), OKM-1 (CD11), and 
OKB-2 (CD24) (Ortho Pharmaceuticals, Raritan, NJ); and 63D3 
(CD 12) (BRL; Gaithersburg, MD); anti 2 (Eurogenetics, Ago- 
ralaan, Belgium); BMA-C22 (HLA-DR) and BMA-OILI (PanT- 
ERFC receptor) (Behringwerke AG, Marburg, FRG). 

The MoAbs VIP-1 (antitransferrin receptor), | VEP-2b (p45)," 
VID-1 (anti- HLA-DR),!! VIL-Al (CD10), VIM-12 (CD11), 
VIM-13 (CD,14),!° VIM-D5 (CD15), 7 VIM-2 (not clustered), 
VIM-C6 (CD15),"* VIB-C5 (CD24),” VIT-3b (CD3)," VIT-4 
(CD4),"" VIT-6 (CD11). VIT-8 (CD8), VIT-12 (CD6)," ViFcR2 
(CD16), and VIE-G4 (anti-glycophorin A)” were produced at the 
Institute of Immunology, University of Vienna. The MoAb Nal /34 
(CD1) was kindly provided by Dr A. J. McMichael. WT-1 (CD7) 
antibody was sent by Dr W. I. M. Tax, and MCS-2 (CD,13) 
antibody was donated by Dr J. Minowada. VEP-13 (CD16) was 
supplied by Dr Rumpold (Vienna). Anti- TAC (CD25) was kindly 
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provided by Dr T. A. Waldmann. CLBery3 was sent by P. T. 
Tetteroo. MoAbs L4F3, 1G10 (CD15), KiM5 (CD11), TSA7 and 
(G)035 (CD17), TSI/18.11 and MHM 23 (CD,18, LFA-1-8-chain: 
McMichael, personal communication, 1984, 1986), CIKMS (40 kd 
Fey-receptor) were selected from the myeloid panel of the Second 
International Workshop on Human Leukocyte Differentiation Anti- 
gens. MoAb E 11 (anti-CR | receptor) was taken from the myeloid 
panel of the Third International Workshop on Human Leukocyte 
Differentiation Antigens. 

Supernatant from the IgE-producing human myeloma cell line 
U-266 and a mouse anti-human IgE MoAb (E124 2-8, Immunotech. 
Marseille, France) was used for detection of membrane-bound IgE 
(positive control). Monoclonal antibodies of either IgG 1, IgG 2a, 
IgG 2b, and IgM subclass with irrelevant Specificity were used as 
negative controls. 


Immunologic Characterization With MoAbs 


As previously described,” the binding of the various antibodies to 
isolated MNCs was assessed by indirect immunofluorescence with 
fluoresceinated goat F(ab’), anti-mouse IgG and IgM antibodies. 
Fluorescence of MNCs was evaluated by means of a Leitz Ortholux 
microscope (Leitz, Wetzlar, FRG). Purified basophils of CGL 
patients and enriched neutrophils of one healthy donor were ana- 
lyzed with a FACS 440 (Becton Dickinson). 


Combined Immunologic/Toluidine Staining Procedure 


Blood samples from 15 volunteers were drawn for testing the 
entire panel three times. After the indirect immunofluorescence 
Staining procedure, cells (6 x 10° for each MoAb) were fixed in 
glutaraldehyde at room temperature (RT) for 1 minute (0.025% 
glutaraldehyde in fixation buffer: 0.1 mol/L Tris buffer in 1 vol% 
glucose, pH 7.8). After three washings with phosphate-buffered 
saline (PBS, pH 7.2) cells were incubated with toluidine blue 
(Sigma, St Louis) (0.0125% wt/vol in PBS) at RT for 15 minutes. 
Subsequently, cells were washed three times in PBS and subjected to 
analysis as follows: Toluidine-stained cells were first identified in 
bright field and then examined for antibody binding under fluores- 
cence light. 

The antibodies we used either stained practically all cells exam- 
ined or did not stain basophils at all. For FACS analyses, a reactivity 
of >20% was considered positive. 


Neuraminidase Treatment of Cells 


MNCs (4 x 10°/mL) were incubated with Vibrio cholerae 
neuraminidase 0.2 U/mL (Behringwerke AG) in a shaking water 
bath at 37°C for 30 minutes. The reaction was terminated by 
washing the mixture three times with RPMI 1640 medium supple- 
mented with 10% fetal calf serum (FCS). 


Enrichment of Basophils 


To compare the phenotype of normal! basophils with that of CGL 
patients (two patients in stable phase, one patient in accelerated 
phase), the combined immunofluorescence technique and an analy- 
sis of enriched basophils was used. Enrichment of basophils was 
achieved by incubating MNC with a mixture of antibodies and 
subsequent rabbit complement lysis. After informed consent was 
obtained from each patient, heparinized peripheral blood of three 
CGL patients (5%, 11%, and 15% basophils, respectively) underwent 
MNC isolation as described above; 5 x 10" cells were incubated with 
l mL RPMI at 4°C for 45 minutes, the milliliter of RPMI 
containing 100 ug of MoAB VIM-DS. After being washed, cells 
were exposed to 5 mL rabbit complement (Behringwerke AG) at 
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Fig 1. 
ment lysis. 


Purified CGL basophils obtained by MoAb + comple- 


37°C for 90 minutes. Monocyte depletion of washed cells was 
achieved with scrubbed nylon wool (37°C for 45’). Cells were then 
incubated with a mixture of antibodies consisting of 25 weg VIT-3, 25 
ug VIB-CS, 25 ug Leu 1, 50 ug Leu 7, 25 ug VIE-G4, 25 ug 
anti-HLA-DR, CLBery3 (ascites, 1:500 diluted), 25 we VIM-D5 at 
4°C for 45 minutes, and subsequently incubated with 4 mL. rabbit 
complement at 37°C for 90 minutes. Cells were again centrifuged on 
Ficoll-Hypaque and washed twice. Cytospin preparation of this cell 
fraction revealed >95% basophils (Fig 1). 


Culture Studies 


Activation of neutrophils and basophils by formyl-methionyl- 
leucyl-phenylalanine (fMLP). As reported previously,’ PMNs 
(1 x10’/mL) or MNCs (1 x 10’/mL) were incubated at 37°C for 
10 minutes, the medium (RPMI 1640, 5 g/L human albumin, pH 
7.2) containing | umol/L fMLP and cytochalasin B 10 pg/mL as 
well as dimethylsulfoxide (DMSO) (final concentration 0.01%) as a 
solvent. The reactivity of stimulated MNCs was evaluated by means 
of the combined immunofluorescence/ toluidine staining procedure. 

Activation of basophils from two healthy donors (in MNC 
suspension) with the Ca-ionophore A23187. Cells (1 x 10") were 
incubated with the Ca-ionophore A23187 (1 ug/mL, Sigma) at 
37°C for 30 minutes. After this procedure degranulation of basophils 
was evident. 

Short-term cultures with biologic factors. Basophils were cul- 
tured cither in MNC suspension (five healthy controls) or as purified 
fractions (CGL basophils from two patients) after lysis with a 
mixture of antibodies (>95% purity as determined by Wright 
Staining of cytospin preparations) for 5 days in RPMI 1640 (Flow 
Laboratories, McLean, VA) plus 10% FCS, supplemented with 
either 20 U/mL human recombinant IL 2 (Boehringer Mannheim), 
100 U/mL human recombinant y-interferon (hr-y-IFN, Interferon 
Sciences, New Brunswick, NJ), supernatant of the HTB-9 cell line” 
(9:1 vol/vol), or supernatant of the T cell hybridoma producing 
basophil-like promoting activity factor (BaPA, 4:1 vol/vol) kindly 
provided by Dr B. Stadler.™™ Phenotyping (normal basophils in 
MNC fractions: combined toluidine immunofluorescence technique; 
purified CGL basophils: FACS analyses) of cultured cells was 
performed on days 0, 2, and 5. 

'H-incorporation. Incorporation of *H-thymidine was carried 
out as described previously.” In brief, purified basophils from two 
CGL patients (10° cells/well) were incubated with factor-condi- 
tioned media (y-IFN, BaPA, HTB-9-supernatant, and IL 2) at 37°C 
for up to 5 days in a humidified atmosphere with 5% CO,. One 
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microcurie per well *H-thymidine (New England Nuclear) was 
added 12 hours before harvest. The incorporated radioactivity was 
collected on glass-fiber filters and counted in a liquid scintillation 
counter. Values are given as cpm x 10°’ + SD of triplicate 
cultures. 

Enrichment of neutrophils by MoAb + complement lysis. Hep- 
arinized blood drawn from a normal donor was first centrifuged on 
Ficoll-Hypaque. The sedimented cell pellet containing erythrocytes, 
neutrophils, and residual MNCs, subsequently underwent dextran 
sedimentation. Neutrophils (1 x 10°) obtained by this method were 
incubated with a mixture of MoAbs comprising 25 ug anti-HLA- 
DR, 25 ug BMAO111, 25 ug B1, 25 we VIM-13, and CLBery3 
(ascites, 1:500 diluted) at 4°C for 45 minutes. Cells were then 
exposed to | mL rabbit complement at 37°C for 90 minutes. After 
two washings, cylospin examination revealed >95% neutrophils 


RESULTS 


By means of a toluidine staining procedure in suspension, 
basophils are easily identified by their purple cytoplasmic 
granules. This procedure, combined with the simultaneous 
application of the immunofluorescence technique allowed 
determination of the basophil marker profile (Fig 2A and 
B). 

A panel of 60 MoAbs was used to delineate the phenotype 
of basophils from that of neutrophils and eosinophils. Thirty 
MoAbs reacted with at least one type of mature granulocytes 
and showed a homogeneous staining for positive subsets in all 
samples tested. Table 1 shows that 20 MoAbs stained 
basophils. MoAbs giving positive results and identifying 
common granulocytic membrane structures were, in particu- 
lar, anti-CR1 MoAbs (220 kd), anti-Fey-receptor (40 kd) 
MoAbs, anti-C3bi-receptor antibodies (OKM-1, VIM-12, 
and Ki MS/CD 11), anti-LFA-1-8 chain MoAbs (CD,18), 
anti-gp 150 MoAbs (CD,13), and MoAb VIM-2, which 
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recognizes a glycolipid structure. Of all MoAbs tested in this 
study, antilactosylceramide MoAbs (CD17) showed the 
strongest reactivity with basophils (Fig 2A and B). MoAbs 
detecting the p 67 membrane determinant bound to baso- 
phils moderately and, in our hands, gave a very weak 
reactivity with neutrophils as well 

In contrast to eosinophils and/or neutrophils, the structure 
3-fucosy!-V-acetyllactosamine (identified by MoAbs clus- 
tered as CD15) and the 50- to 70-kd Fey-receptor (recog- 
nized by CD16 MoAbs) were not detectable on the surface 
membrane of circulating basophils. The CD,12 and CD, 14 
anti-monocyte-associated MoAbs tested also failed to react 
with basophils. 

We furthermore tested nonmyeloid-associated MoAbs of 
clusters CD1-10, 19 through 21, 24, 25, MoAbs directed 
against the T10 antigen and an antitransferrin receptor 
MoAb. A constant and reproducible finding was the reactiv- 
ity of various activation-linked markers with basophils. All 
three anti-IL 2 receptor MoAbs (CD25) tested, both anti- 
T10 MoAbs, and the anti-p24 MoAb BA-2 (CD9) gave 
positive results. HLA-DR antigens and the transferrin recep- 
tor, also activation-linked structures, were not detectable on 
freshly obtained basophils. MoAbs directed against lympho- 
cyte-associated structures (CD 1 through 8, 10, 19 through 
21, 24, anti-human NK cell MoAb Leu7) failed to stain 
basophils at all. They included anti-common acute lympho- 
cytic leukemia (CALLA) MoAb VIL-A1 (CD10) and CD24 
MoAbs known to bind to neutrophils. 


Neuraminidase Treatment of MNCs 


Seven MoAbs (VIM-D5. BA-2, TSA7, VEP-13, VID-1, 
VIP-1, and anti-TAC) were tested after neuraminidase 


(B, 


Fig2. (A and B) Reactivity of the MoAb T5A7 with toluidine-stained peripheral blood basophils. 
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Table 1. Reactivity Pattern of MoAbs Binding to Mature Granulocytes 


MoAbs Reactive With WHO-Cluster/ 

Peripheral Blood Granulocytes * Reactive Structure Basophits Neutrophils Eosinophils 
OKM-1 VIM-12 KIM 5 CD11/CA3 + ++ + 
MCS2 MY 7 CD,,13/p150 + + + 
TS1/18.11 MHM 23 CD,,18/LFA 1f-chain + + + 
E11 p220/CR1 e -+ + 
CIKM5 40-kd Fe +-receptor + + + 
VIM-2 NK + +++ ++ 
T5A7ł (G)O36+ CD 17 /lactosytcer + + + — 
MY 9 L4F3 p67 + + _ 
VIM-D5 VIM-C8& 1G10 CD15/3-FAL = +++ ++ 
VIB-C5 BA-1 OKB-2 CD24 mae + + 
VIL-A1 CD10/cALLA m + ~ 
63D3 CD12 ~~ + _ 
VEP-13 Leu 11a ViFcR2 CD 16/50- to 70-kd-Fcy- = ++ — 

receptor 
OKT-10 VIP-2b p45/T10 + ~~ ~ 
a-TAC IL 2R1 oH 2 CD25/IL 2 receptor + = = 
BA-2 CD39/p24 ++ mme ++ 


NK, not known. 


*Each antigranudocytic MoAb showed a homogeneous staining for positive subsets In all samples tested. 


Reactive with eosinophils In hypereosinophilic syndrome. 


treatment of cells. When pretreated with neuraminidase 
basophils, which are normally VIM-DS (anti-3-FAL) nega- 
tive, reacted strongly with this very MoAb. All other MoAbs 
tested displayed the same reactivity pattern with basophils 
both before and after neuraminidase treatment. 


Purification and Phenotypic Analysis of CGL Basophils 


After MoAb plus complement lysis, purity of basophils 
was >95% (Fig 1). Purified cells underwent indirect immu- 
nofluorescence staining with MoAbs of major significance 
and were evaluated by FACS analyses (Fig 3A and B). 
Identical results were obtained with all three CGL patients 
on day 0. These FACS data therefore confirmed the results 
obtained with normal basophils by use of the combined 
toluidine staining procedure. 


Phenotypic Analysis of Purified Neutrophils 


The phenotype of neutrophils has already been well 
defined. To examine whether the MoAb + complement lysis 
may cause an alteration of surface structures, purified neu- 
trophils were stained with a panel of MoAbs and measured 
on a FACS. The phenotype of neutrophils appeared to 
remain unchanged by this procedure and was identical to the 
neutrophil reactivity pattern obtained by indirect immuno- 
fluorescence microscopy (data not given). 


Culture Studies 


JMLP effect on basophils and neutrophils. The binding 
of MoAbs (VIM-D5/CD15, T5A7/CD,17, BA-2/CD9, 
VID-1/HLA-DR, VIP-1/transferrin receptor, and anti- 
TAC/IL 2 receptor) was tested before and after fMLP 
activation of basophils and neutrophils (two healthy con- 
trols). Neutrophils displayed a distinct increase of the fluo- 
rescence intensity with MoAb VIM-DS5, whereas T5A7 


bound neutrophils to a lower extent after this procedure. 
With regard to basophils, no change of fluorescence intensity 
was evident with any MoAb tested. 

Effect of Ca-ionophore A 23187 on basophils. When 
basophils, in MNC preparations, were exposed to the Ca- 
ionophore A23187, the reactivity of the MoAbs studied 
remained unchanged (same MoAbs were tested as are listed 
in the fMLP experiment). 

CGL basophils cultured in factor-conditioned me- 
dia. Purity of 5-day-cultured basophils still was >95% in 
all samples tested (as determined by morphological criteria). 
Trypan blue staining revealed a viability of at least 98% of 
cells. FACS analyses of basophils obtained from two CGL 
patients were performed on days 0, 2, and 5. The reactivity of 
anti-TAC, already detectable on unstimulated cells, was 
increased on days 2 and 5 and was not dependent on the 
addition of biologic factors. An example of this reactivity 
pattern is given in Fig 3C. The HLA-DR and T4 antigens, 
expressed neither on basophils obtained from healthy donors 
nor on CGL basophils on day 0, became detectable on days 2 
and 5. All three surface structures in question were also 
identified on cells in the control medium. Table 2 shows a 
comparison of the anti-TAC, anti-HLA-DR, and T4 reac- 
tivities of basophils cultured in the control medium (as 
determined by FACS analyses on days 0, 2, and 5). The 
expression of HLA-DR was stronger on BaPA and y- 
IFN-stimulated basophils than on those in the other factor- 
conditioned media and the control medium, respectively (Fig 
3D). Moreover, a moderate reactivity of the three anti-T4 
antibodies (VIT-4, T4, Leu 3a) was noted in all culture 
samples, which is shown in Fig 3E. The reactivity of all other 
MoAbs tested remained unchanged (data not shown). 

Normal basophils cultured in factor-conditioned me- 
dia. Phenotypic analyses (combined toluidine/immuno- 
logic staining procedure) of normal basophils from all but 
one donor (in MNC preparations) cultured for 5 days in 
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factor-conditioned media gave identical results (HLA-DR‘*, 
T4* ) as compared with purified CGL-basophils. 

*H-Incorporation studies. Table 3 shows the prolifera- 
tion kinetics as measured by *H-thymidine uptake on days 0, 
2, and 5. It is evident that the *H-thymidine incorporation 
was higher on day 2 than on day 5. A distinct increase of the 
*H-thymidine incorporation was noted in the HTB-9—condi- 
tioned medium. As compared with the control medium, all 
other samples revealed no significantly elevated *H-uptake 
over a period of 5 days. 


DISCUSSION 


In this study, toluidine-stained cells were phenotyped with 
a panel of MoAbs to evaluate the antigenic membrane 
profile of peripheral blood basophils. The results clearly 


Table 2. Expression of Surface Determinants on CGL Basophils 
Cultured in Control Medium as Measured by FACS Analyses 


Gays 
Patient Antibody 0 2 5 
No. Designation Reactive (%) Reactive (%) Reactive (%) 
1 Anti-TAC 74 92 93 
Anti~ HLA-DR 8 21 47 
T4 3 18 45 
Control 0 0 0 
2 Ante TAC 59 67 77 
Anti- HLA-DR 4 29 4] 
T4 2 23 43 
Control o 0 0 


ARAI Mitt theta diahir hehh ANAA iari Ainin hahaaha RRA AR RAL HOH 
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Fig 3. FACS analyses of purified CGL basophils. (A and B) day 
0; (C} reactivity of anti- TAC with cells in the control medium (days 
0, 2, and 5); (D) HLA-DR expression on cultured basophils (day 5): 
and (E) T4 expression on cultured basophils (control medium, days 
O and 5). 


indicate that basophils express a unique pattern of mem- 
brane determinants. 

The most conspicuous finding was the detection of three 
activation-linked structures on the surface membrane of 
basophils. The presence of the structures in question, ie. the 
IL 2 receptor, the T10 antigen, and the structure p 24, is 
consistent with the common idea of basophils representing an 
activated cell type and/or a population responding immedi- 
ately to certain stimuli. 

So far, reactivity of MoAbs directed against the LL 2 
receptor was observed with activated T and B lymphocytes as 
well as monocytes stimulated by y-IFN.® With the excep- 
tion of the recently established eosinophilic cell line EoL”’ 
and a subset of myeloid blast cells, no granulocytic cells 


Table 3. °H-Thymidine Incorporation of CGL Basophils on Days 0, 


Z,and 5 
Days 
Medium Patient No. 0 2 5 
Control 1 0.6 + 0.05 5.2 + 0.3 2.4 + 0.2 
medium 2 0.5 + 0.2 4.8 +09 0.7 + 0.66 
HTB-9 1 0.9 + 0.05 13.6 + 0.8 48 +0.3 
2 0.7 + 0.07 8.2 + 0.5 33+ 0.2 
+-1F 1 NT NT NT 
2 0.6 + 6.05 4.3 + 0.8 0.8 + 0.62 
H-2 1 6.4 + 0.02 4.7 + 0.2 1.9 + 0.3 
2 0.5 + 6.06 5.4 + 0.2 0.7 + 0.62 
BaPA 1 0.6 + 0.03 8.2 + 0.8 2.4 + 0.1 
2 0.6 + 0.1 3.7 + 0.3 0.8 + 0.1 


UN inthe ttt ARAM he RR REE tl street MER AAD tte ete ete mA ae ehh ii Fanaa aA maa 
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have yet been reported to be reactive with anti-IL 2 receptor 
antibodies. 

Basophils also reacted with MoAb BA-2 (CD9), recogniz- 
ing the p 24 structure. This antibody, which in our hands fails 
to react with neutrophils, was initially reported to identify a 
lymphohematopoietic cell surface structure.” Recently, the 
structure p 24 has also been detected on activated T cells,” 
and from affinity-purified antigen preparations it is now 
evident that the p 24 molecule is responsible for a protein 
kinase and for growth-promoting properties.” 

Moreover, basophils were stained by MoAbs detecting the 
T10 antigen, which represents a new and quite unexpected 
observation. Whereas this structure was reported to be 
expressed on immature precursor cells as well as on activated 
lymphocytes, maturing myeloid cells have so far been consid- 
ered unreactive with anti-T10 antibodies.” 

Based on the assumption that basophils represent cells in 
an activated state or that these cells rapidly respond to 
stimuli, we also studied the basophil phenotype after in vitro 
culture. To this end, normal basophils in MNC suspension 
and CGL basophils as purified fractions were exposed to 
fMLP/cytochalasin B and Ca-ionophore and cultured for 5 
days in medium containing either hriL 2, hr-y-IFN, super- 
natant of the HTB-9 cell line (which is reported to enhance 
blast colony formation),”* or BaPA synthesized by a T cell 
hybridoma.” As compared with freshly obtained normal 
basophils and CGL basophils, the phenotype of cells in 
short-term cultures differed in three respects: First, after 2 
days of culture, the reactivity of anti-TAC was significantly 
increased in all samples tested and remained unchanged until 
day 5. Second, the expression of HLA-DR was detectable on 
days 2 and 5. Third, the T4 antigen became demonstrable 
with three different MoAbs directed against this structure. 
At this point, we cannot definitely say whether the expression 
of HLA-DR and T4 on basophils is a phenomenon restricted 
to culture conditions or whether this may also occur in vivo. 
A differentiation to a “late” HLA-DR-—positive state may be 
conceivable with regard to the other activation-linked struc- 
tures. Whether the expression of differentiation structures or 
the susceptibility of receptors corresponds with mediator 
release requires further investigation. 

The expression of various activation-linked structures and 
the T4 antigen on basophils again raises the question of a 
possible relationship of T lymphocytes and metachromati- 
cally stained cells.” The detection of the surface structures in 
question suggests that the functional properties and/or the 
differentiation of basophils are influenced by T cells or T cell 
modulating factors. Despite the occurrence of the T4 antigen 
on cultured basophils, the existence of a common precursor 
cell, as proposed by Burnet,“’ seems unlikely with regard to 
the numerous myeloid-associated determinants. The detec- 
tion of the T4 antigen on cultured basophils does not 
represent a novel finding concerning myelomonocytic cells, 
nor does the presence of this antigen provide evidence for a 
common precursor since monocytes and y-IFN-stimulated 
HL-60 cells were reported to display the T4 antigen as 
well 4!” 

The myeloid determinants we detected on basophils were 
in particular the CR3 receptor recognized by CD11 MoAbs, 
the structure p150 (CD,13 MoAbs), the 8 chain of LFA-1 
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(CD,18 MoAbs), lactosylceramide (CD17 MoAbs), the 
CRI receptor (MoAb E11), the 40-kd Fey-receptor (MoAb 
CIKMS), and the glycolipid structure identified by MoAb 
VIM-2, present on all granulocytic cells beyond the stage of 
promyelocytes. Moreover, basophils clearly displayed the 
structure p67 (MoAbs MY9, L4F3), which had so far been 
known to be generated only by myeloid progenitors and 
monocytic cells.“ 

The p67 determinant was reported to be lost gradually 
with ongoing granulocyte differentiation.” Because staining 
of basophils was evident in our study, the decrease of 
antibody binding seems to be restricted to neutrophil and 
eosinophil differentiation. Basophils we obtained from 
healthy adults therefore showed a different reactivity with 
MY9, as did in vitro-cultured fetal basophilic cells which 
were reported to be MY9 negative.” 

Certain well-defined neutrophil-associated structures 
were missing: The structure 3-fucosyl-N-acetyllactosamine 
identified by CD15 MoAbs (VIM-DS, 1G10, VIM-C6) was 
not detectable. After neuraminidase treatment, however, 
3-FAL is expressed on basophils, which represents a phe- 
nomenon we already observed with myeloid and lymphatic 
blast cells. An observation of apparent functional impor- 
tance was that basophils lack the 50- to 70-kd Fey-receptor 
(recognized by MoAbs VEP-13, Leulla, ViFcR2). This 
receptor is of major importance for the phagocytotic capacity 
of neutrophils. Antibodies against this structure completely 
block the binding and ingestion of IgG-coated sheep erythro- 
cytes.“ Because basophils are known to bind aggregated 
human IgG, minor differences of the receptor’s molecular 
structure on the different types of granulocytes could be an 
explanation for the nonreactivity of the CD16 MoAbs with 
basophils. An alternative possibility which cannot yet be 
excluded either is that the 40-kd Fey-receptor (recognized 
by MoAb CIKM5S) is the sole IgG binding site of basophils. 

CR 1 and the LFA-1 structures, which are further recep- 
tors contributing to the functional process of phagocytosis 
mainly by providing attachment to target particles, were 
identified by corresponding MoAbs on all types of mature 
granulocytes. These data confirm previous findings of the 
CR | receptor on basophils, obtained by use of complement- 
coated particles,” and are consistent with the role assigned to 
basophils in the immune response. 

So far, basophils have been explored mostly by morpholog- 
ical,?384? histochemical,*’ and functional" analyses. 
These studies were laborious and, with a few exceptions, 
could not be performed simultaneously. The knowledge of 
the basophil phenotype and the technique used in this study 
offers a new possibility for the simultaneous determination of 
differentiation and function and provides the opportunity to 
influence this cell type specifically through its different 
surface structures. 
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Experimental Transmission and Pathogenesis 
of Immunodeficiency Syndrome in Cats 


By Edward A. Hoover, James |. Mullins, Sandra L. Quackenbush, and Peter W. Gasper 


We describe the identification, experimental transmission, 
and pathogenesis of a naturally occurring powerfully immu- 
nosuppressive isolate of feline leukemia virus (designated 
here as FeL V-FAIDS) which induces fatal acquired immuno- 
deficiency syndrome (AIDS) in 100% (25 of 25) of persis- 
tently viremic experimentally infected specific pathogen- 
free (SPF) cats after predictable survival periods ranging 
from <3 months (acute immunodeficiency syndrome) to > 
one year (chronic immunodeficiency syndrome), depending 
on the age of the cat at time of virus exposure. The 
pathogenesis of Fel V-FAIDS—induced feline immunodefi- 
ciency disease is characterized by: a prodromal period of 
largely asymptomatic viremia; progressive weight loss, 
lymphoid hyperplasia associated with viral replication in 
lymphoid follicles, lymphoid depletion associated with 
extinction of viral replication in lymphoid follicles, intracta- 
ble diarrhea associated with necrosis of intestinal crypt 


HE HUMAN immunodeficiency virus (HIV has 
infected several million people worldwide, at least 
50,000 of whom have contracted AIDS.*'' More than 36,000 
cases of AIDS have been reported in the United States; 
> 56% of these people, including 79% of those infected with 
HIV for =23 months, have died.™'® If 10% to 30% of the | to 
1.5 million persons currently infected with HIV in the United 
States develop disease, 270,000 cases will occur by 1991,” 
the most serious epidemic of the past 50 years." 
Retrovirus-induced AIDS has long-standing precedent in 
feline leukemia virus (Fel V)-associated immunosuppres- 
sion, a naturally occurring syndrome recognized for >15 
years in cats infected with some isolates of FeLV.'*!* The 
contagious transmission of FeLV was first recognized among 
dense urban animal populations of cats with high degrees of 
social contact and high incidences of leukemia and other 
infectious diseases.’ It has subsequently become clear that 
many more cats die from the cytosuppressive consequences 
of FeLV infections (immunodeficiency syndrome and bone 
marrow aplasia) than from leukemia'*'*”’, a paradigm per- 
ceived by Gallo and colleagues”*” in seeking a contagious 
exogenous retrovirus as a cause of immunodeficiency disease. 
Although HIV and FeLV infections clearly represent dis- 
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epithelium, lymphopenia, suppressed lymphocyte blasto- 
genesis, impaired cutaneous allograft rejection, hypogam- 
maglobulinemia, and opportunistic infections such as bac- 
terial respiratory disease and necrotizing stomatitis. The 
clinical onset of immunodeficiency syndrome correlates 
with the replication of a specific Fel V-FAIDS viral variant, 
detected principally as unintegrated viral DNA, in bone 
marrow, ‘ymphoid tissues, and intestine. Two of seven cats 
with chronic immunodeficiency disease that survived >1 
year after inoculation developed lymphoma affecting the 
marrow, intestine, spleen, and mesenteric nodes. Experi- 
mentally induced feline immunodeficiency syndrome, 
therefore, is a rapid and consistent in vivo model for 
prospective studies of the viral genetic determinants, 
pathogenesis, prevention, and therapy of retrovirus- 
induced immunodeficiency disease. 

è 1987 by Grune & Stratton, Inc. 


tinct retrovirus/host relationships, both infections involve 
horizontal transmission requiring close contact and transfer 
of secretions, sequential stages in the progression of infection 
and disease?” virus strain-related variations in tissue tro- 
pism and pathogenicity,” and viral latency and activa- 
tion.” 

Whether retrovirus-associated immunodeficiency 1s deter- 
mined principally by specific viral genotypes (variants) or 
whether, alternatively, disease is triggered principally by 
cofactors such as genetic background or frequent viral or 
other intercurrent infections is an issue important to the 
understanding of retrovirus pathogenesis. We provide evi- 
dence for the former tenet in describing the identification, 
transmission, and pathogenesis cf a naturally occurring, 
intensely immunosuppressive isolate of feline leukemia virus 
(designated here as Fel V-FAIDS) which consistently 
induces lethal immunodeficiency syndrome, the onset of 
which is associated with replication of a disease-specific 
variant virus genome in bone marrow, lymphoid tissue, and 
intestine of experimentally infected animals. 


MATERIALS AND METHODS 


Animals 


The specific pathogen-free (SPF) cats used in the transmission 
studies we report were from a breeding colony of cesarian-derived 
SPF cats maintained in the Department of Pathology, Colorado 
State University. These animals are free of infection with and 
immunity to horizontally transmitted feline viruses, including FeLV. 
Age-matched, noninoculated, nonconiact control SPF cats were 
obtained from the same source, for which there ts a substantial 
database of normal age-adjusted hematologic data. 


Virus, Inoculation, and Sample Collection 


The original Fel. V-FAIDS inoculum consisted of a 20% (wt /vol 
viable-cell-free extract of thymic lymphoma tissue from an FeLV- 
infected pet cat in which the lymphoma had regrown after regression 
induced bv radiotherapy. In most inoculation experiments, virus was 
administered intraperitoneally (IP); in two series of inoculations, the 
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intranasal route was used (both routes induced infection and 
disease) (Table 1). Inocula for serial passage experiments were 
prepared as 20% (wt/vol) extracts of bone marrow, spleen, or lymph 
node from animals that had developed fatal immunodeficiency 
disease in the first virus passage (Table 1). All inocula contained 
between | and 2 x 10° focus forming units (ffu) of infectious FeLV. 
One group of two weanling animals was inoculated with virus 
harvested from a feline fibroblast cell line inoculated with the 
original stock of Fel. V-FAIDS. Likewise, FeLV-FAIDS was char- 
acterized morphologically by electronmicroscopic examination of 
glutaraldehyde-fixed, osmium tetroxide-postfixed inoculated feline 
fibroblast cell cultures. 

Blood samples were collected from each inoculated cat prior to 
infection and at weekly intervals for the first 6 weeks postinoculation 
and biweekly thereafter. Bone marrow samples were collected at 
various intervals (most often biweekly) by needle aspiration from the 
femur or humerus of inoculated cats. For all inoculation, blood 
collection, and bone marrow sampling procedures, animals were 
anesthetized with ketamine hydrochloride. 


Assays to Monitor FeLV-FAIDS Infection in Cats 


Immunofluorescence for FeLV p27 group-specific antigen in 
blood cells and tissues. FeLV-FAIDS group-specific antigen (gag 
gene-coded major viral structural protein p27) was detected by 
indirect immunofluorescence staining of methanol-fixed blood 
films” and on methanol-fixed paraffin-embedded tissues.* The 
goat anti-FeLV p27 antiserum used was extensively absorbed with 
feline blood and bone marrow cells to eliminate non-specific reactiv- 
ity due to natural anti-feline tissue antibody in goat or rabbit 
sera.” The persistent presence of FeLV p27 antigen in blood cells 
(neutrophils, platelets, lymphocytes) correlates >95% of all 
instances with the presence of infectious virus in blood.” 

Enzyme-linked immunosorbent assay (ELISA) for FeLV anti- 
body. FeLV antibody was determined by an ELISA using sucrose 
density-gradient purified whole FeLV (KT isolated from the FL74 
lymphoblast cell line) as antigen, feline test serum, and peroxidase- 
conjugated goat-anti-feline IgG as the secondary reagent (Miles 
Scientific, Naperville, IL).“' 

Quantitation of infectious virus in inocula. Infectious FeLV in 
tissue extracts was determined by the clone 81 focus induction assay 
described by Fischinger et al“ Particle-associated reverse tran- 
scfiptase was also demonstrated as described for FeLV by Nicolson 
et al.” 

` Detection of viral DNA in tissues. Fel.V-FAIDS integrated and 
unintegrated viral DNA was detected in tissues of infected cats by 
Southern blotting“ using Kpnl endonuclease digestion and hybrid- 
ization to an exogenous FeLV-specific DNA probe that identifies. a 
250-base pair (bp) sequence in the unique region of the long terminal 
repeat of exogenous feline retroviruses only, as detailed by Mullins et 
al. In brief, total cellular DNA (7.5 ug) was purified, digested 
with Kpnl, electrophoresed in 1.2% agarose gels, transferred to 
nitrocellulose, hybridized with the exogenous FeLV-specific probe 
(exU3) with 10% dextran sulphate and 50% formamide, washed, 
then exposed to x-ray film as described previously. S7 

Hematologic assays. Complete blood cell counts were per- 
formed at biweekly intervals (Coulter S-plus calibrated for feline 
blood). In some cats with terminal immunodeficiency disease, bone 
marrow cell clonogenic colony-forming assays of erythroid and 
granulocyte/macrophage progenitor cells were performed in meth- 
ylcellulose semisolid medium using techniques described by Abko- 
witz et al and modified by Gasper et al” Albumin and globulin 
classes in terminal sera from some cats were determined by electro- 
phoresis using standard procedures. 
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Lymphocyte Blastogenesis and Skin Grafting 


Mitogen-driven, feline T lymphocyte blastogenesis was deter- 
mined as previously described originally by Cockerell et al” and 
extended by Rojko et al®' for feline blood lymphocytes. Blastogenesis 
assays were performed by incubating Ficoll-metrizoite-separated 
blood mononuclear cells with either concanavalin A (1 g/ 2 x 10° 
cells, a feline T cell mitogen)"; staphylococcus protein A (20 
formalin-fixed bacteria per cell, a feline T and B cell mitogen)*; or 
pokeweed mitogen (10 ug/ 2 x 10° cells, a feline T and B cell 
mitogen).*! Net cell DNA-associated uptake of °H thymidine in cells 
pulse-labeled for 18 hours before harvest with 0.5 aCi of `H 
thymidine/ 2 x 10° cells was then quantitated by liquid scintillation. 
Allogeneic cutaneous allographs (1.5 cm?) from a single unrelated 
donor cat were applied and rejection intervals were assessed as 
described previously in SPF cats by Perryman et al." 


Histologic Examination 


Necropsies were performed and macroscopic lesions were 
recorded for all cats that died or were killed due to symptoms of 
severe immunodeficiency disease. Duplicate tissue sections were 
collected in absolute methanol for immunofluorescence and in either 
formalin or Bouin's fixative for conventional histologic section 
preparation. The following tissues from each of 20 animals were 
examined histopathologically; mandibular, pharyngeal, mesenteric, 
and colonic lymph nodes, spleen, bone marrow, thymus, liver, 
kidney, adrenal, lung, heart, and small intestine (duodenum, jeju- 
num, ileum) colon, urinary bladder, trachea, esophagus, thyroid, 
nostril, and brain. 


RESULTS 


Virus Isolation and Characteristics 


The lymphocytopathic FeLV we describe was identified 
by intrathymic inoculation of newborn kittens with an 
extract of thymic lymphoma tissue from an FeLV-infected 
pet cat in which the lymphoma had regrown after regression 
induced by radiotherapy. Five of six inoculated kittens died 
with severe lymphoid depletion and enteritis within 2 months 
postinoculation (Table 1). The viral isolate (designated here 
as Fel. V-FAIDS) was identified as a feline leukemia retrovi- 
rus” by the following criteria: type C morphology by elec- 
tronmicroscopy; immunoreactive FeLV group-specific (gag) 
and envelope proteins as determined by immunofluorescence 
and immunoelectrophoresis, respectively; virus particle-asso- 
ciated reverse transcriptase activity’; and FeLV interfer- 
ence inducing activity characteristic of FeLV subgroup A 
and B viruses*** (performed in the laboratory of Drs Oswald 
Jarrett and David Onions, University of Glasgow, Glasgow, 
Scotland). 


Experimental Transmission and Disease Induction 


To determine whether the lymphocytopathic activity of 
the FeL V-FAIDS isolate was restricted to or dependent on 
infection during the neonatal period, we inoculated groups of 
SPF cats aged 8, 15, and 24 weeks with the original virus 
stock. We then performed two serial virus subpassages in 
8-week-old SPF cats using marrow, spleen, and lymph node 
inocula containing between 1 and 2 x 10° (infectious) ffu“? of 
FeLV (Table 1). 
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Twenty-five of 35 cats of various ages (71%) inoculated 
with FeLV-FAIDS developed persistent viremia within 2 to 
4 weeks after inoculation. All the viremic cats (25 of 25) died 
of immunodeficiency disease from 25 to 524 days after 
inoculation (mean 171 + 156 days) (Table 1). None of 10 
cats that developed transient, regressive infection after virus 
inoculation developed any sign of disease after observation 
periods as long as 600 days. ELISA antibody titers against 
FeLV-FAIDS developed in both progressively and regres- 
sively infected cats; however, titers of 25 viremic cats 
destined to develop immunodeficiency syndrome declined to 
minimal levels (geometric mean 1:4.3 + 3.6) 3 to >40 weeks 
before clinical disease developed. The terminal mean viral 
antibody titer of ten regressively infected cats was 1:58 + 
5.6. 

The susceptibility of SPF cats to induction of persistent 
FeLV-FAIDS viremia, the latent period for clinical immuno- 
deficiency disease induction, and the incubation period for 
disease induction all were related to age of cat at time of 
inoculation (Table 1); 85% of animals <8 weeks old at 
inoculation developed persistent viremia and survived for an 
average of 80 + 58 days postinoculation (DPI). In contrast, 
56% of cats >15 weeks old at inoculation developed persis- 
tent viremia and survived for an average of 311 + 173 DPI. 
Therefore, relative to other characterized FeLV isolates so 
studied,” FeLV-FAIDS exhibited considerable virulence 
and was capable of producing persistent viremia and disease 
in young adult cats after a single intranasal or intraperito- 
neal inoculation and without the concurrent administration 
of adrenal corticosteroids,” a cofactor required to induce 
>50% incidence of progressive infection in adult cats with 
many FeLV isolates.” 


Clinical Courses of Disease 


Two clinical courses of feline immunodeficiency syndrome 
were recognized. The first clinical course, acute or early 
onset immunodeficiency disease, was characterized by a 
survival period of <180 DPI (mean 86 + 42; range 25 to 
160) and developed in 72% (18 of 25) of all viremic cats and 
94% (15 of 16) of viremic cats that were 8 weeks or less at 
inoculation. A short (2 to 10 weeks) asymptomatic period 
was followed by progressive lymphocytopenia, suppressed 
lymphocyte blastogenesis, failure to gain weight and/or 
progressive loss of weight leading to emaciation (Fig 1A), 
persistent diarrhea, and opportunistic infections including 
bacterial rhinitis, pneumonia, and necrotizing stomatitis (Fig 
1B). 

The second clinical course, chronic or late-onset feline 
AIDS, was characterized by a survival period of >180 DPI 
(mean 396 + 113, 4.6 times that of cats with acute AIDS) 
and occurred in 28% (7 of 25) of all viremic cats but in 67% 
(6 of 9) of cats aged =15 weeks at inoculation. The chronic 
disease course was marked by a relatively long (6 months to 
>l year) and largely asymptomatic period of viremia, sub- 
normal weight gain, and progressive lymphocytopenia. This 
prodromal period was followed by an accelerated symptom- 
atic phase characterized by relentless diarrhea and acceler- 
ated weight loss leading to terminal debilitation. Thus, the 
chronic clinical course of experimental feline AIDS more 
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closely simulated the protracted natural evolution of most 
cases in immunodeficiency disease in humans.” 


Hematologic and Immunologic Features of FeLV-F AIDS 
Infection 


The mean lymphocyte count for all symptomatic and 
presymptomatic FeLV-FAIDS inoculated cats over the 
course of all sampling periods postinoculation (2 to 67 weeks) 
was significantly below that of age-matched controls (Fig 2, 
Table 2). Lymphocyte mitogen-driven blastogenesis charac- 
teristically was depressed in symptomatic cats as compared 
with uninoculated controls (Figs 2 and 3 and Table 2). Skin 
allograft rejection time was significantly prolonged in four of 
five symptomatic FeLV-FAIDS-infected cats v normal con- 
trols (Table 2). Gamma-globulin levels in terminal sera from 
ten AIDS cats assayed were 44% of those of controls (Table 
2). Thus, evidence for severe deficits in both T and B 
lymphocyte function were present in cats with immunodefi- 
ciency syndrome. 

Nonlymphocytic hematologic deficits also were detected 
in FeLV-FAIDS-inoculated cats. Circulating granulocytes 
and monocytes in virus-inoculated cats were significantly less 
than controls over the course of all sampling periods (Table 
2). Terminal hematocrits of inoculated cats also were less 
than controls and evidence of erythropoietic regeneration 
was absent (reticulocyte counts were <50,000 in infected 
cats v >150,000 in controls). Clonogenic colony-forming 
assays of bone marrow cells from each of four cats with 
immunodeficiency syndrome tested revealed suppression of 
erythroid progenitor cells without discernible impairment of 
myeloid progenitor cell growth (Table 2). 


Lesions 


A consistent array of lesions was present in cats with acute 
feline AIDS. These were: (a) thymic atrophy in all (13 of 13) 
cats examined histologically (thymic remnants were detect- 
able only by microscopy); (b) lymphoid depletion involving 
follicular and parafollicular lymphocytes in lymph nodes, 
spleen, and Peyer's patches, resulting in ablation of entire 
follicles (9 of 13 animals) (Fig 1B and D); (c) follicular 
lymphoid hyperplasia in some cats (6 of 13) characterized by 
large, sometimes irregularly shaped follicles with prominent 
germinal centers comprised of lymphoblasts (Fig 1C); and 
(4) necrotizing enterocolitis (13 of 13) marked by necrosis 
and partial regeneration of the mucosal germinal epithelium, 
neutrophil and macrophage infiltration, and atrophy of 
mucosal villi (Fig 1F). The histopathogenesis of the lym- 
phoid lesions in FeLV-FAIDS-infected cats, therefore, 
resembles that in human AIDS, ie, an apparent sequence of 
follicular lymphoid hyperplasia of variable duration followed 
by progressive follicular ablation and ultimately extensive 
parafollicular and medullary lymphoid depletion.”* 

Lesions of lymphoid depletion in cats with chronic course 
of disease were more pronounced than in animals with the 
acute syndrome. Bone marrow cellularity in terminal immu- 
nodeficiency cats was significantly reduced v uninfected, 
age-matched SPF control cats. Four of seven animals with 
chronic disease that survived >400 DPI developed termina! 
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Fig 1. Pathogenesis of ex- 
perimentally induced feline im 
munodeficiency disease. (A) 
Clinical appearance of a cat 
with advanced AIDS; chronic 
diarrhea, severe weight loss 
and debilitation are typical 
(left); opportunistic infection: 
necrotizing oral lesions (ar- 
rows) involving the tongue 
(right). (B) Normal lymph node 
from a control SPF cat; dense 
cortical and paracortical popu- 
lations of lymphocytes are ap- 
parent (left). Comparable 
lymph node from a cat with 
terminal immunodeficiency 
syndrome; extensive depletion 
of lymphocytes in the cortical 
(follicular), paracortical, and 
medullary areas is evident 
(right). (C) Prodromal follicular 
lymphoid hyperplasia in a for- 
malin-fixed, conventionally 
(H&E)-stained section of 
spleen from a cat infected with 
Fel V-FAIDS (left). Fel V-FAIDS 
replication in splenic follicle 
from the cat at left demon- 
strated by immunofluores- 
cence in a methanol-fixed tis- 
sue section (right). (D) FeLV 
FAIDS-—induced lymphoid de- 
pletion, severely depleted sple- 
nic follicles in hematoxylin and 
eosin (H&E)-stained histologic 
sections (left and middle); cor- 
responding immunofluores- 
cence section (right) demon- 
strates concomitant depletion 
in viral replication. 









Para 3i `. 4 ers ity TTE = “> 


~~ >» =e g 
wa “= t 
s 





FELINE IMMUNODEFICIENCY SYNDROME 1885 





Fig1. (Cont’d.) (E) Ablation of the cortical lymphoid follicles (left, arrows) correlated with extinction of viral replication in the same 
areas (right, arrows), whereas viral replication remained evident in the adjacent nondepleted follicle. (F) Necrotizing enteritis induced by 
Fel V-FAIDS, with depletion and regeneration of germinal epithelium in the colon (H&E section, left); replication of FeLV in colonic germina! 
epithelium of (immunofiuorescence, right). (G) Replication of feline AIDS virus in salivary gland epithelium (left) and in the epidermis, hair 
follicles, and sebaceous glands of the nostril of an infected cat (right). Arrowhead = hair shaft (immunofluorescence as above) 
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lymphoblastic lymphoma superimposed on lymphoid deple- 
tion and affecting the marrow, intestine, and mesenteric 
nodes {see below). 


Virus Tissue Tropism 


Immunofluorescence analysis of lymph node sections from 
cats inoculated with FeLV-FAIDS revealed intense viral 
replication (FeLV p27 gag protein) in nodes with many 
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Fig 2. Sequential changes in body 
weight (top), lymphocyte numbers (mid- 
die), and lymphocyte mitogenic re- 
sponse to Staphylococcus protein A 
ibottom) in three cats inoculated with 
Fel V-FAIDS and representing the acute 
{cats 1284 and 1341) and chronie (cat 
1161} courses of feline immunodefi- 
ciency disease. 


hyperplastic follicles but minimal viral replication in nodes 
with depleted follicles (Fig 1C through E). The extinction of 
viral replication in lymphoid tissues, therefore, correlated 
with extinction of lymphoid follicles. Viral replicatien in 
intestinal crypt epithelium also was correlated with evidence 
of antecedent necrosis of crypt epithelium (Fig IF). 
FeLV-FAIDS replication not associated with discernible 
cytopathic effect was detected in several cell types: ie, 
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ConA tymphocyte blastogenesis 


Fig 3. Sequential changes in blood lympho- 
cyte numbers and blastogenic responses from 
representative cats inoculated with the mito- 
gens concanavalin A and Staphylococcus protein 
A in representative Fel V-FAIDS—inoculated SPF 
cats that developed either persistent viremia 
(1341) or transient infection and regressive 
infection (1342) as compared with an uninocu- 
lated littermate control. 


SpA lymphocyte blastogenesis 


Table 2. Summary of Hematologic and Immunologic Data in Cats With Immunodeficiency Syndrome induced by Fel. V-FAIDS 
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FeLV-FAIÐS Cats Fel V-FAIDS Cats Control 
Parameter Measured Viremic Cats in} Regressors* in} SPF Cats 
Total lymphocytes/l (all stages of infection) 3,486 + 990 20 5,928 + 213 8 6,579 + 378 
Total lymphocytes/l. (clinical disease) 1,092 + 494 7 
Total granulocytes + monocytes (ail stages of infection) 8,542 + 483 20 6,520 + 243 8 11,888 + 990 
Total granulocytes + monocytes (clinical disease) 7,820 + 519 7 
Hematocrit (%) (all stages of infection} 32 +1 20 35 + .3 8 33 + 3.7 
Hematocrit (%) (clinical disease) 21.3 + 9.0 7 
Lymphocyte blastogenesis | 
ConA {all stages of infection. 24,758 + 3,410 20 33.396 + 4,447 8 44,822 + 5,411 
ConA (clinical disease) 3,695 + 1,464 8 
SpA (all stages of infection, 12,188 + 3,011 20 29,328 + 4,321 8 27,473 + 2,967 
SpA (clinical disease) 1,964 + 1,043 8 
PWM (ali stages of infection, 6,933 + 905 20 171,880 + 1,464 8 12,990 + 1,459 
PWM (clinical disease) 1,709 + 827 8 
Total y-globulin (mg/dL) 0.70 + 0.9 ND 1.58 + 0.32 
Skin allograft rejection (days) 18.5 + 2.4 a ND 13.4 + 1.5 
Marrow CFU-e (no. of CFU/10(5) cells seeded) * 12 + 1.7ł — ND 134 +2 
Marrow BFU-e (no. of CFU/10(5) cells seeded) 14 + Ot — ND 82 
Marrow CFU-GM ino. of CFU/10(5) cells seeded) 38 + 8+ — ND 37 





*No disease developed after observation periods up to 600 days postinoculation. 
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tHematopoietic colony-forming units—erythroid (CFU-e, BFU-e} or granulocyte macrophage (CFU-GM) generated by feline bone marrow cells assayed 
in a methylcellulose medium culture system.so For FAIDS cats, n = 4; for control cats, n = 320. 
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circulating neutrophils and platelets, salivary gland acinar 
and duct epithelium, mucosal epithelium of the esophagus, 
nasal passages, and bronchioles, and the glandular and hair 
follicle epithelium of the nostrils (Fig 1g). Neither viral 
antigen nor lesions were found in the testes, ovary, uterus, 
kidney, liver, adrenal, thyroid, heart, or brain. Thus, the 
feline AIDS-inducing virus replicated in a range of hemo- 
lymphatic and epithelial tissues but appeared to be cyto- 
pathic only in bone marrow, intestine, and lymphoid tissue. 

The intestinal lesions in cats infected with FeLV-FAIDS 
resembled those produced by the feline and canine parvovi- 
ruses. Therefore, we assayed both original viral inocula and 
intestinal mucosal extracts from three cats with fatal immu- 
nodeficiency syndrome for feline parvoviral antigen by an 
ELISA sensitive to 2 pg viral antigen. Each was negative. 
Moreover, six of six SPF cats immunized with commercial 
feline panleukopenia parvovirus vaccine developed immuno- 
deficiency disease featuring chronic diarrhea and enteritis 
after FeL V-FAIDS inoculation. 


Southern Blot Analysis of Viral DNA in Tissues 


Southern blot analyses of purified cellular DNA demon- 
strated viral DNA in all (90 of 90) virus-antigen—positive 
tissue and bone marrow samples from all 25 viremic cats 
examined (Table 1). Highest levels of FeLV-FAIDS DNA 
were in bone marrow, intestine, and lymphoid tissues. As 
initially reported,*’ two significant viral genomes were 
detected in the tissues of infected cats: (a) a ubiquitous 
“common” or “early” form virus genome recognized as a 
3.65-kb internal viral DNA fragment (Fig 4) in all virus- 
antigen—positive tissues of all viremic asymptomatic and 
symptomatic cats examined at all postinoculation intervals; 
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and (b) a variant genome (designated variant A) character- 
ized by an additional Kpnl site in the extracellular glycopro- 
tein gene (gp70) region of the viral envelope gene and 
generating a signature 2.1-kb 3’ Kpnl fragment (variant A), 
which was detected in large amounts (15 to 50 copies/cell), 
predominately as unintegrated viral DNA (Fig 4) in the bone 
marrow, intestine, and nonseverely-depleted lymphoid tis- 
sues only of animals with symptomatic immunodeficiency 
syndrome. In tissues of animals with severe lymphoid deple- 
tion, minimal amounts of viral DNA were discernible by 
Southern blotting and minimal viral antigen was demonstra- 
ble by immunofluorescence (Fig 1C through E). Thus, 
FeLV-FAIDS common-form virus was demonstrated in all 
viremic cats both before and after the onset of disease, 
whereas the appearance and amplification of variant A virus 
genome in marrow, intestine, and lymphoid tissues was 
correlated strongly with the development of symptomatic, 
ultimately fatal immunodeficiency disease. 


Late-Onset Neoplasia in Some Animals Infected 
With FeLV-FAIDS 


Two of the seven animals that developed chronic immuno- 
deficiency syndrome, both of which survived for >400 days 
after inoculation (471 and 524 days, respectively), also 
developed terminal T cell or null cell lymphoma affecting the 
bone marrow, small intestine, and to a lesser degree, mesen- 
teric lymph nodes. Histologic examination of the mesenteric 
lymph nodes indicated that proliferation of neoplastic lym- 
phoblasts was superimposed on lymphoid involution. Other 
nodes contained only the lymphoid depletion typical of 
advanced immunodeficiency syndrome. Southern blot analy- 
sis of lymphoma tissues revealed clonal viral integration 
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Fig 4. Tissue distribution of Fel V-FAIDS DNA 
in an animal with acute feline immunodeficiency 
syndrome; 7.5 ug total cellular DNA was purified 
from frozen postmortem samples of the tissues 
indicated and digested with the restriction endo- 
nuclease Kpni. M, mol wt markers (kb scale); RDF, 
a cloned cell line infected with Fel V-8-GA“; BM, 
bone marrow; PBL, peripheral blood lymphocytes; 
IntEp., intestinal epithelium, Intes., intestine; CLN 
and MLN, colonic and mesenteric lymph nodes, 
respectively; Spl., spleen: SG, salivary gland; Kid., 
kidney; Tes., testis. The FelLV-FAIDS common 
form (CF) internal virus band migrates at 3.65 kb, 
whereas the AlDS-specific variant A (VA) band 
migrates at 2.1 kb. The bands at 0.35 and 0.45 kb 
in the BM and PBL lanes correspond to 5-LTR 
sequences detected as a consequence of the pres- 
ence of unintegrated DNA, derived from linear and 
circular DNA, respectively. 
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patterns confirming the presence of a clonal proliferation of 
virus-genome-bearing cells (data not shown). Thus, pro- 
longed FeLV-FAIDS viremia and/or chronic immunosup- 
pression may result in long-latency lymphomagenesis, as has 
been observed in some HIV-infected -patients.* 


DISCUSSION 


Although a lymphoid depletion/immunodeficiency syn- 
drome has been recognized for >15 years in cats infected 
with feline leukemia virus,'*"* the disease has neither been 
consistently reproduced with FeLV inocula nor has its rela- 
tionship to virus genotype v other cofactors been elucidated. 
Cats infected with the most ubiquitous naturally occurring 
feline leukemia viruses—interference subgroup A (FeLY- 
A)°***—commonly remain persistently viremic and asymp- 
tomatic for long periods. Viruses of subgroups B or C occur 
naturally only in combination with FeLV-A*”™ and probably 
have evolved from the FeLV-A either through mutation or 
through recombination with silent multicopy endogenous 
FeLV sequences in the feline genome (Mullins JI et al, 
manuscript in preparation, and refs 52 and 58). It is plausi- 
ble, therefore, that the acute pathogenicity associated with 
some FeLV field isolates reflects the presence of cytopathic 
virus variants in these inocula. Further definition of the 
molecular and biologic properties of FeLV variant genomes 
should aid in elucidating the mechanisms of disease induc- 
tion by feline leukemia viruses. The studies we report define 
the biologic and virologic properties of a naturally occurring 
intensely immunosuppressive isolate of FeLV which consis- 
tently induces fatal immunodeficiency syndrome after incu- 
bation periods as short as 3 months to as long as 43 months, 
an interval governed principally by the age of the cat at time 
of infection. The onset of clinical immunodeficiency syn- 
drome coincides with the appearance of a characteristic 
variant viral genome which replicates in bone marrow, 
lymphoid tissues, and intestine, predominantly as uninte- 
grated viral DNA (UVD). The association of unintegrated 
retroviral replication with cytopathicity has been demon- 
strated for reticuloendotheliosis virus,” visna virus,” avian 
osteopetrosis virus," and HIV.” In FeLV-FAIDS-asso- 
ciated immunodeficiency disease, the replication of UVD in 
target tissues is notable in its magnitude, persistence, and 
correlation with disease onset and lesions in vivo. 

The consistent experimental induction of immunodefi- 
ciency disease by a specific type C retrovirus isolate in 
outbred animals free of intercurrent infection with other 
pathogens supports the tenet that viral genome rather than 
host or environmental factors plays the major role in induc- 
tion of immunodeficiency disease. These results also suggest 
that neither D type morphology nor a complement of supra- 
numery genes is essential for induction of immunodeficiency 
syndrome by retroviruses. Our continuing work with FeLV- 
FAIDS and another feline leukemia virus variant that 
induces aplastic anemia (FeLV-C-Sarma) suggests that 
drastic differences in target cell specificity, cytopathic activi- 
ty, and pathogenicity of FeLVs in vivo are principally the 
consequence of subtle alterations in the extracellular glyco- 
protein gene (Riedel NO, manuscripts in preparation).” 
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Thus, retrovirus glycoprotein gene variants that arise in 
certain cells, tissues, or stages of infection and possess altered 
cell tropism and pathogenicity may be responsible for induc- 
tion of immunodeficiency or other disease syn- 
dromes .223473,74.77,78 

Both Southern blotting and immunofluorescence results 
indicate that the principal targets for Fel. V-FAIDS variant 
replication and cytopathic effect (ie, bone marrow, intestine, 
and lymphoid tissues) are concordant. Apparently, noncyto- 
pathic viral replication was detected in several epithelial 
tissues important to viral excretion and contagious transfer 
(eg, mucosal epithelium of the pharynx, esophagus, nostrils, 
salivary gland), as has been demonstrated previously for the 
Rickard isolate of feline leukemia virus.” The causal rela- 
tionship, if any, between unintegrated retroviral DNA. repli- 
cation and host cell death, originally identified by Keshet and 
Temin® in cell cultures infected with avian reticuloendothe- 
liosis virus, remains unclear. The presence of UVD per se 
may not be directly responsible for cytotoxicity, since UVD 
in the absence of cell degeneration has been observed in 
HIV-infected T cell lines™ and in the proliferative bone 
lesions of avian osteopetrosis.’’ The unintegrated replication 
of an immunodeficiency disease-associated FeLV genome in 
target tissues of infected cats does, however, provide an 
additional stimulus for study of the relationship between 
retroviral nonintegrative replication and genesis of cyto- 
pathic disease. 

The correlation among FeLV-FAIDS replication in intes- 
tinal germinal epithelium, persistent diarrhea, and necrosis 
of mucosal epithelium detected in infected cats suggests that 
intestinal tropism may be a primary rather than exclusively a 
secondary manifestation of immunodeficiency disease- 
inducing retroviruses. The association of AIDS with entero- 
pathy, chronic diarrhea, and intractable weight loss, now 
recognized as the chief presenting symptom characteristic of 
African AIDS," has been considered secondary to opportu- 
nistic infections associated with immunosuppression (eg, 
cryptosporidiosis). In SPF cats with FelL.V-FAIDS—asso- 
ciated enteritis, unlike the situation in naturally infected 
people or cats with immunodeficiency syndrome, neither 
pathogenic bacteria, viruses, nor parasites are associated 
with or required for development of the intestinal lesions. 
Although the necrosis and regeneration of the intestinal 
crypt epithelium in FeLV-FAIDS—infected cats resembles 
that caused by feline parvovirus (an indigenous feline virus 
which also infects mitotically active cells and could poten- 
tially be responsible for enteritis in cats naturally infected 
with FeLV), our studies indicate that the feline parvovirus is 
not involved in Fel V-FAIDS—associated enteropathy. In 
that intestinal crypt cell degeneration also has been asso- 
ciated with the enteropathy affecting many AIDS patients,” 
further consideration should be given to intestinal epithelium 
as a target tissue for cytopathic retroviruses. 

FeLV-associated immunodeficiency syndrome, therefore, 
can be rapidly and consistently transmitted experimentally 
with a naturally occurring isolate of feline leukemia virus. 
The course of feline AIDS varies with and can be manipu- 
lated by the age of the animal at time of infection. Our 
results further suggest that the onset of clinical disease is 
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associated with the replication, first in bone marrow and then 
in lymphoid tissues and intestine, of a disease-specific viral 
variant, the accelerated cytopathic replication of which is 
responsible for precipitation of immunodeficiency disease. It 
seems probable that such immunosuppressive FeLV variants 
are generated continually in nature and that previous experi- 
mental studies in which AIDS-like syndromes have been 
induced in cats may have involved inocula containing similar 
lymphocytopathic virus genomes. It also seems plausible that 
similar mechanisms involving more and less pathogenic, and 
possibly defective, variants of the human AIDS retroviruses 
are involved in onset and progression of human AIDS. 

Since this article was submitted, Pedersen et al” have 
reported the isolation of a feline lenti-like virus (designated 
FTLV) from a group of cats with multiple chronic infections 
suggestive of underlying immunosuppression syndrome. This 
newly recognized non-FeLV feline retrovirus, which contains 
a Mg**-dependent reverse transcriptase, is of type D mor- 
phology, has been propagated only in freshly isolated, mito- 
gen-pulsed feline lymphocytes, and is distinct from the 
pathogenic FeLV isolate we describe. FeLV-FAIDS tran- 
scriptase strongly prefers Mn++ catalysis, is of C type 
morphology, replicates efficiently in fibroblasts as well as 
lymphocytes, contains characteristic FeLV gag and env 
proteins, and hybridizes with a DNA probe specific for 
exogenous FeLV LTR U3-sequences.”’ Cats inoculated with 
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the original FeL V-FAIDS inoculum, subpassaged virus, and 
normal SPF cats are negative for FTLV antibody by immu- 
nofluorescence and Western blotting assays (performed in 
the laboratory of Dr Niels C. Pedersen). Neither the original 
Fel V-FAIDS inoculum nor inoculated lymphocyte or fibro- 
blast cultures generate Mg’*-dependent reverse tran- 
scriptase activity. Moreover, the full-length genomes of the 
Fel. V-FAIDS common form and variant A viruses described 
here have recently been molecularly cloned (Overbaugh JM 
et al, manuscript in preparation) and the variant virus shown 
to be capable of producing both lymphocyte killing in vitro 
and fatal immunodeficiency syndrome in vivo. Characteriza- 
tion of the pathogenic determinants of this immunodeficien- 
cy-inducing feline leukemia virus should contribute signifi- 
cantly to the understanding of retrovirus-mediated immuno- 
deficiency diseases. 
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Interleukin 2-Activated Killer Cells in Patients Following Transplants of Soybean 
Lectin-Separated and E Rosette-Depleted Bone Marrow 


By Carolyn A. Keever, Kari Welte, Trudy Small, Janet Levick, Mary Sullivan, Michael Hauch, 
Robert L. Evans, and Richard J. O'Reilly 


During the early period following bone marrow transplan- 
tation before the immune system has reached full func- 
tional maturity, unprimed, nonspecific lytic systems may 
play a critical role as antiviral or antitumor effectors. The 
reconstitution of cells with this potential Ils of particular 
importance in recipients of bone marrow that has been 
depleted of mature T lymphocytes to prevent graft v host 
disease (GVHD). We examined the recovery of natural 
killer (NK) cells and interleukin 2 (IL 2)-augmented lympho- 

kine-activated killer cells (LAK) In 48 patients at various 
intervals following transplantation of bone marrow 
depleted of mature cellular elements by treatment with 
soybean agglutinin and sheep RBCs {SBA E” BMT). We 
found normal levels of both NK and LAK activity as early as 
3 weeks following SBA E~ BMT. When compared with 
cells from controls, NK and LAK precursors from transplant 
recipients appeared to be activated in vivo in that freshly 
isolated peripheral blood mononuclear cells (PBMCs) from 
patients had an elevated cytolytic activity toward NK- 


N EXAMINING the basis of the immune deficiency 
present during the early period following bone marrow 
transplantation (BMT),'* we and other researchers found 
that peripheral blood T cells in BMT patients differ from 
normal T cells in regard to a number of interleukin 2 (IL 
2)-dependent functions.*'! The type and duration of the 
functional T cell deficits depends on whether the patient 
received conventional, unfractionated bone marrow contain- 
ing mature T cells or marrow depleted of T cells by treatment 
with soybean agglutinin and E rosetting (SBA”E~ BMT). 
Initially, we observed in recipients of conventional grafts that 
circulating T cells produced little or no IL 2 when stimulated 
with phytohemagglutinin (PHA) or OKT3 during the first 
18 months after BMT. In most of these patients peripheral 
blood mononuclear cell (PBMC) proliferative responses to 
OKT3 could be restored to nearly normal levels by the 
addition of IL 2 to the cultures.’ In recipients of SBA~E~ 
BMT, the capacity of OKT3 to trigger T cell proliferation 
and IL 2 production was also deficient in the early posttrans- 
plant period.* Unlike responses in conventional BMT recip- 
ients, however, T cell proliferative responses to OKT3 in 
recipients of SBA~E~ BMT were only partially restored by 
exogenous IL 2. Moreover, during the first 8 weeks after 
BMT, most SBA” E~ BMT recipients had circulating T cells 
that spontaneously secreted IL 2, an activity not detected in 
patients receiving conventional grafts. These differences may 
reflect the absence of mature donor-derived IL 2-responsive 
cells in patients receiving SBATTE” BMT. 
In this study, we examined PBMCs from patients follow- 
. ing SBA”E™ BMT for the regeneration of NK cells, and IL 
2-inducible nonspecific cytotoxic cells (LAK). Our results 
demonstrate that unlike T cell functions, unprimed and IL 
2-activated nonspecific cytolytic activities of PBMCs from 
patients receiving T cell-depleted grafts recover fully by 
week 3 posttransplant. Mature, IL 2-responsive cells appear 
not to have been transfused in the marrow inoculum, since 
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insensitive targets and a more rapid response to activation 
by IL 2. In patients as well as controls, both LAK precursors 
and LAK effectors lacked antigens present on mature T 
tymphocytes (CD3, CD4, or CD8) but expressed antigens 
present on NK cells (CD2, CD16, and NKH1,). The LAK celis 
did not lyse either donor or host peripheral blood T cel! 
targets. The activity of NK effectors but not LAK precur- 
sors survived the in vivo total body irradiation used for 
pretransplant conditioning in three patients studied. LAK 
precursors could be demonstrated as early as 18 days 
following transplant at a time when the bone marrow 
contained primarily donor-derived celis. Little or no LAK 
activity could Le generated from cells of the SBA E BM 
graft itself, suggesting that LAK precursors differentiate 
rapidly from more primitive progenitors in the marrow 
graft. Thus, our data indicate that the NK and LAK lytic 
systems are among the earliest activities to recover during 
immune reconstitution following T cell-depleted BMTs. 

e 1987 by Grune & Stratton, inc. 


these cells are removed during T cell depletion. These early 
IL 2-responsive cells share many of the phenotypic charac- 
teristics of NK cells. 


MATERIALS AND METHODS 


Patients and controls. Forty-eight patients were studied follow- 
ing transplantation with marrow from HLA-identical siblings that 
had been depleted of T cells by treatment with SBA and E rosetting 
based on the method of Reisner et al.” Included in the study group 
were 22 patients with chronic myelogenous leukemia (CML); 11 
patients with acute myelogenous leukemia (AML) in first or second 
remission; 8 patients with acute lymphoblastic leukemia (ALL) in 
first, second, or third remission; 3 patients with non-Hodgkins 
lymphoma (NHL), and 2 patients with myelodysplastic syndrome 
(MYD). 

Pretransplant conditioning was performed with cyclophospha- 
mide (60 mg/kg/day x 2) and hyperfractionated total body irradia- 
tion (1,320 or 1,440 rad). Patients received no posttransplant 


From the Bone Marrow Transplantation Service, Laboratory of 
Cytokine Biology, and Department of Immunobiology, Memorial 
Sloan-Kettering Cancer Center, New York. 

Submitted January 12, 1987; accepted August 10, 1987. 

Supported by Grants No. CA 23766 and CA-08748, from the 
National Institutes of Health, Bethesda, MD; the Zelda Weintraub 
Cancer Foundation; Robert J. Kleberg and Helen C. Kleberg 
Foundation; the Lila Acheson DeWitt Wallace Foundation; and the 
Yankee-Frito Lay Challenge Fund. CAK is supported by a training 
grant from the NIAID, CA 09149 09. 

Address reprint requests to Carolyn A. Keever, PhD, Box 236, 
Memorial Sloan-Kettering Cancer Center, 1275 York Ave, New 
York, NY 10021. 

The publication costs of this article were defrayed in part by page 
charge payment. This article must therefore be hereby marked 
“advertisement” in accordance with 18 U.S.C. $1734 solely to 
Indicate this fact. 

© 1987 by Grune & Stratton, Inc. 

0006-497 1/87 {7006-00 283 3.00/0 


1883 


1894 


prophylaxis against rejection or graft v host disease (GVHD). All 
patients studied achieved durable engraftment, as shown by cytoge- 
netic analysis of bone marrow and peripheral blood leukocytes. 

Most studies were performed at weekly intervals from week 3 to 
week 8 posttransplant. Twenty patients were studied at intervals up 
to 18 months posttransplant. Normal controls consisted of 34 
laboratory personnel and two bone marrow donors. 

Reagents. Human recombinant interleukin 2 (riL 2) was kindly 
provided by the Cetus Corporation (Emeryville, CA). Monoclonal 
antibody (MoAb) to the IL 2 receptor Tac," was a gift from Dr 
Thomas Waldmann (National Institutes of Health, Bethesda, MD). 
NKH1, was kindly provided by Dr J. Ritz (Harvard University, 
Boston). NKH 1, is an IgM mouse MoAb raised against cloned NK 
cells'* and reacts with the same 200-kd molecule recognized by Leu 
19.'° The OKT series of MoAbs were purchased from Ortho 
Diagnostics (Raritan, NJ) (OKT3, T11, T4, and T8), and the Leu 7 
hybrid line was obtained from the ATLL (Bethesda, MD). Directly 
fluoresceinated MoAbs, HLE, mouse IgG, and Leu llc as well as 
phycoerythrin-conjugated mouse IgG and unconjugated Leu 11b 
were purchased from Becton Dickinson (Mountain View, CA). 
Fluoresceinated Leu 11, T11, T3, and Bl and phycoerythrin- 
conjugated T3, DR, and NKHI were purchased from Coulter 
Immunology (Hialeah, FL). 

Cell preparations. PBMCs were separated from heparinized 
blood by centrifugation on Lymphoprep (Nyegaard, Oslo). The 
low-density cells were collected and washed twice with Ca’*, Mg’* 
free Hank’s balanced salt solution (HBSS) and resuspended in 
RPMI 1640 supplemented with 25 mmol/L HEPES, 100 U/mL 
penicillin, 100 ng/mL streptomycin, and 2 mmol/L L-glutamine 
(RPMI). In some experiments, monocytes were depleted by adher- 
ence on plastic tissue culture dishes for | hour at 37°C. Monocyte- 
depleted PBMCs are referred to as peripheral blood lymphocytes 
(PBLs). 

LAK and cytotoxic T lymphocytes cultures. For generation of 
LAK cells, PBMCs or PBLs were adjusted to a concentration of I x 
10° cells/mL in RPMI containing 10% heat-inactivated human 
serum (HS) (M.A. Bioproducts, Walkersville, MD) and 100 U/mL 
riL 2. No more than 20 x 10° cells were placed in 25-cm? tissue 
culture flasks and incubated from 2 to 9 days at 37°C in a humidified 
atmosphere of 5% CO,,. In one experiment, cytotoxic T lymphocytes 
(CTLs) were generated by coculture of 1 x 10° cells/mL PBLs from 
a normal control with an equal number of irradiated (3,000 rad), 
previously frozen PBLs from a bone marrow donor. The cells were 
cultured for 7 days in RPMI-10%HS supplemented with 100 U/mL 
TIL 2 as described above. 

Cytotoxicity assays. The cytolytic activities of freshly isolated 
cells, CTLs, and LAK cells were measured in a standard *'Cr release 
assay. The targets used were the NK-sensitive cell line K562 
established from a patient with CML, the lymphoma cell line Daudi, 
and a cultured melanoma cell line SK-Mel-30 (kindly provided by 
Dr Alan Houghton, Memorial Sloan-Kettering Cancer Center, New 
York) or PBMCs cultured for 72 hours with a 1:100 dilution of 
PHA-M (GIBCO, Grand Island, NY) (PHA blasts). The targets 
were labeled with 250 wCi Sodium “chromate (New England 
Nuclear, Boston) in 0.5 mL RPMI-10% FBS for 1 hour at 37°C. 
Following three washes, the targets were resuspended in RPMI-10% 
FBS at 5 x 10° cells/mL. Cultured effector cells were recovered 
from the flasks, washed twice in RPMI-10% FBS, and adjusted to 
yield effector to target cell (E:T) ratios from 100:1 to 0.5:1. 
Replicate cultures in a total volume of 0.2 mL were plated in 96-well 
round bottomed microtiter plates (Costar, Cambridge, MA), centri- 
fuged at 1,000 rpm for 5 minutes, and incubated at 37°C for 4 hours. 
Spontaneous release was determined by incubating targets with 0.1 
mL medium, and maximum *'Cr release was determined by addition 
of 0.1 mL 5% Triton X-100 (New England Nuclear). At the end of 
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the culture period, supernatants were harvested with a filter harvest- 
ing system (Skatron, Sterling, VA), and the filters were counted ina 
Beckman 5000 y counter (Beckman Instruments, Irvine, CA). Data 
were expressed as either the percentage of specific lysis at a given 
E:T ratio as calculated from the equation: % specific lysis = [epm 
experimental ~ CPM spontaneous) {CPM maximum ~ CPM 
spontaneous)] x 100 or as lytic units, defined as the number of 
cells/10° resulting in specific lysis of 33.3% of 5,000 target cells.” 

Cold-target competitions. Unlabeled targets were mixed with 
*'Cr-labeled targets at ratios of unlabeled (cold) to labeled (hot) 
from 20:1 to i:i before addition to the microtiter plates. Effector 
celis were added at a constant E:T ratio {usually 10:1) to the various 
cold:hot (C:H) combinations, and the percentage of specific lysis 
was determined in the cytotoxicity assay described above. Results 
are expressed as the percentage of specific lysis at the indicated C:H 
ratios. 

Immunofluorescence. Indirect and two-color direct immuno- 
fluorescence were performed using standard techniques.'*'’ Samples 
were analyzed on an EPICS C cell sorter (Coulter). 

Treatment with Tac MoAb. Tac MoAb was added at the 
beginning of 3-day LAK cultures of PBLs from one normal centrol 
and two patients, at final culture concentrations ranging from 
15,000 to 1:250 of purified ascites. Saturation of Tac binding sites 
was obtained with a dilution of 1:5,000 Tac as determined by 
indirect immunofluorescence (data not shown). 

LAK precursor and effector depletion. PBLs from patients and 
normal controls were treated with MoAb plus complement or with 
complement alone prior to or following culture in riL 2. Sodium 
azide containing MoAbs were dialyzec against PBS prior to use. 
PBLs were incubated for 60 minutes at 4°C with 0.1 mL/10° cells of 
1:20 dilutions of OKT3, OKT11, OKT4, or OKTS, with a 1:125 
dilution of NKH1,, and with a 1:50 dilution of Leu 11b. The cells 
were centrifuged, and the MoAb was removed prior to addition of 
0.5 mL of a 1:5 dilution of low-toxicity rabbit complement (Pel- 
Freez, Rogers, AR) and incubated at 25°C for 60 minutes. Cells 
treated prior to culture in riL 2 were washed once with RPMI-10% 
FBS and then incubated for a second time with rabbit complement 
for 30 minutes at 25°C. The cells were washed twice in RPMI and 
adjusted for LAK culture or for cytotexicity assay. LAK effector 
cells were counted and then adjusted to the same volume as those 
treated with complement alone prior to testing in the cytotoxicity 
assay. Freshly isolated PBLs treated with NKH1, or Leu 11b plus 
complement as described above had no lytic activity to K562 in 
4-hour *'Cr release assays (data not shown). PBLs that had been 
incubated overnight at 37°C to shed bound antibody were restained 
with directly FITC-conjugated OKT3, OKTI1I, OKT4, or OKT8 
following antibody plus complement treatment and showed >97% 
depletion of the appropriate population. 


RESULTS 


NK cell activity following SBA E BMT. PBMCs were 
isolated from 30 patients 3 to 8 weeks following transplanta- 
tion with HLA-matched bone marrow and tested for cyto- 
lytic activity to the NK-sensitive cell line K562. The results 
were compared with those from 34 normal control subjects 
tested simultaneously. The data shown in Table | demon- 
strate the early return of NK activity following SBA- E` 
BMT with a mean specific lysis of K562 of 46.3% in the 
patient group as compared with 48.1% for the controls. Both 
Daudi lymphoma cells and the melanoma cell line SK- 
Mei-30 were resistant to lysis by PBMCs from normal 
controls (1.9% + 2.4% and 8.0% + 8.1% specific lysis, 
respectively). There was low but greater lysis of both targets 
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Table 1. K Cell Activity Following SBA ~E~ BMT 


Specific Lysis (%)* Specific Lysis (9%}* 


Normal No. Patients No. 

Target Controis Tested Weeks 3-8 Tested P Valuet 
K562 48.1 + 18.8 34 46.3 + 21.2 30 .60 
Daudi 1.9 + 2.4 7 16.9 + 5.4 10 <.001 
SK-Mel-30 8.0 + 8.1 19 15.2 + 15.4 13 20 


Sa ci a ee eG Sa la 
PBMCs from patients 3 to 8 weeks posttransplant and controls were 


tested in 4-hour °'Cr release assays as described in the Materials and 
Methods section. Only the highest value was used for patients tested 
more than once during this interval. 

*Results are expressed as the percentage of specific lysis + SD at an 
effector/target ratio of 100: 1. 

t Mann-Whitney U test. 


by PBMCs from the patients; the increased activity was 
significant only for Daudi (Mann-Whitney U test, 
P < 001). In one experiment, depletion of Leu 11* cells by 
antibody and complement removed the cytolytic activity of 
patient PBLs to both K562 and Daudi (38.2% and 25.8% 
specific lysis before treatment to 0.1% and 0.9%, respec- 
tively). Depletion with OKT3 plus complement had no effect 
on the killing of either target, thus indicating that both 
activities were mediated by T3” NK cells. 

LAK activity following SBA°E~ BMT transplanta- 
tion. In preliminary experiments with control PBLs, the 
addition of >100 U/mL of rIL 2 to LAK cultures did not 
increase lytic activity significantly. The results of three 
experiments, including two patients 8 weeks posttransplant 
are shown in Table 2. Although patient PBLs had somewhat 
more cytolytic activity with 250 U/mL of rIL 2, the differ- 
ence was not great; culture with 500 U/mL appeared to 
decrease the activity slightly. Subsequent cultures of cells 
from both patient and controls were performed using 100 
U/mL riL 2. The results shown in Fig 1 are expressed as 
lytic units/10° PBMCs following 6 to 7 days of culture in IL 
2. As early as week 3 following SBA~E~ BMT, the median 
LAK activity to all three targets, K562 (panel A), Daudi 
(pane! B), and SK-Mel-30 (pane! C) was not significantly 
different from the control group (0.1 < P< .375, Mann- 
Whitney U test). No significant change in the lytic activity 
was noted during the first 8 weeks post SBA™E~ BMT or in 
patients tested up to 76 weeks posttransplant. In none of 29 








Table 2. Dose-Response of Patient and Control PBLs to Culture in riL 2 
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experiments was there lytic activity to any target following 3 
to 7 days of culture under the same conditions in the absence 
of rIL 2 (data not shown). 

Kinetics of LAK generation during culture in IL 2. The 
kinetics of the generation of LAK activity differed between 
patients and controls in that when assays were performed 
after 3 to 4 days of culture in ril. 2 (Table 3) there was 
significantly more lytic activity to both K562 and SK- 
Mel-30 by LAK cells from patients than by those from 
controls (P < .05). We performed LAK assays at 2-day 
intervals on PBMCs from 9 patients between 4 weeks and 5 
months posttransplant, from 6 patients 6 to 18 months 
following transplantation, and from 12 normal! controls, The 
data shown in Fig 2 are expressed as the percentage of the 
maximum lysis of K562 (panel A} or SK-Mel-30 (panel B} 
when tested at an E:T ratio of 10:1. Normal control PBMCs 
showed a plateau of maximal activity at days 5 to 6 to both 
targets. The mean percentage of specific lysis at day 6 of 
K562 was 71.5%+12.4% and of SK-Mel-30 was 
64.0% +19.3% on day 5. PBMCs from patients <5 months 
post SBA~E~ BMT had an earlier peak of activity; by day 4 
the maximal percentage of specific lysis toward K562 
(58.4% + 27.4%) and SK-Mel-30 (58.2% + 20.0%) was 
reached. By 5 months post-BMT, PBMCs from the patients 
required 6 days of culture with IL 2 to be maximally 
activated, similar to the normal control group. 

Specificity of LAK cells. We examined the possibility 
that in addition to LAK cells, culture with rIL 2 may expand 
donor-derived or residual host CTL that may have autoreac- 
tivity” or that recognize minor histocompatibility antigens of 
either the host or the marrow donor.”! LAK cells from five 
patients were tested for the ability to lyse 3-day phytohemag- 
glutinin (PHA) blasts prepared from host or donor PBMCs 
frozen prior to transplantation. There was no lysis of the 
PHA blasts in any experiment (Table 4), although K562 and 
Daudi targets were readily lysed. In one experiment, donor- 
specific CTL generated from PBLs of a normal control could 
effectively lyse both donor and pretransplant host PHA 
blasts. 

Cold-target competition experiments were performed on 
LAK cells from three patients <4 weeks posttransplant and 
two normal controls to determine if both NK-sensitive and 
NK-resistant targets were recognized by the same IL 2- 
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Table 3. LAK Activity Following SBA~E~ BMT 


Day 6-7* 
Poettransplant K682 Daudi 
Controls 278 (29)+ 51 (13) 

15-3,267+ 2-496 
Week 3 147 (12) 66 (13) 
1-689 1-2,321 
Week 4 136 (8) 74 (6) 
21-1,014 4-5,210 
Week 5 154 (11) 53 (7) 
10-2,500 4-247 
Weeks 6-20 154 (12) 40 (8) 
75-468 10-263 
Weeks 21-76 309 (8) 52 (4) 
31-9,687 35-85 


PBMCs from patients and controls were cultured for the indicated time in 100 U/mL riL 2. Results are expressed as lytic units/10° cells. 


*Number of days in culture. 


+Median fytic units, number of patients tested is shown in parentheses. 


$100% range. 
§P < .06, Mann-Whitney U test. 


activated effector cells. As shown in Table 5, cold K562 and 
cold SK-Mel-30 (C:H ratios of 20:1) were nearly equally 
able to compete for hot SK-Mel-30 and hot K562, respec- 
tively, in all experiments performed. PHA blasts from a 
normal! control, however, were unable to compete for the 
killing of labeled K562 or SK-Mel-30 in either of two 
patients tested. Therefore, cells responding to IL 2 during the 
early posttransplant period apparently have not been primed 
to either donor or host cells, and the activated killer popula- 
tion apparently binds equally well to the NK-sensitive and 
the NK-insensitive cultured tumor targets. 

Effect of TBI on NK and LAK. During the course of 
total body irradiation (TBI) given in eight fractions over a 
period of 3 days, we obtained blood specimens from three 
patients before, at the midpoint (720 rad) and immediately 
after the completion of 1,440 rad TBI to determine the in 
vivo effect of irradiation on NK activity and on LAK 
precursors (Table 6). We tested the NK activity of the 
freshly isolated PBLs and placed cells in culture with rIL 2 
for 72 hours before performing LAK assays. The NK activity 
of PBL derived from two patients progressively increased 
during TBI and was maintained at a high level in the third 
patient (722). LAK activity, however, could not be generated 
from PBLs from patient 607 following 720 rad TBI or in 
patients 627 and 722 following 1,440 rad. Prior to transplan- 
tation, the patients were further cytoreduced with cyclophos- 
phamide but due to the extremely low peripheral counts 
following this treatment further pretransplant NK and LAK 
studies could not be performed. At day 18 post BMT, LAK 
activity could be generated following culture in rIL 2 in 
PBLs from patient 627 and, when tested at day 30, NK 
activity was completely normal. Cytogenetic analysis of bone 
marrow from this patient at day 14 posttransplant revealed 1 
host and 3 donor metaphases; by day 30 only 27 donor and 
only 2 host metaphases were observed. 

In addition to NK and LAK studies, PBL from patient 722 
were tested by one-color and two-color immunofluorescence 
to determine the phenotype of the surviving cells. The results 
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Day 3-4* 
SK-Met-30 K562 SK-Mel-30 
88 (20) 39 (25) 33 (26) 
94,021 0.1-102 0.1-165 
73 (4) 101 (13}§ 144 (13)§ 
53-122 2-383 8-408 
31 (6) 246 (8)§ 141 (8)§ 
9-491 3-9,196 23-1,081 
74 (4) 187 (7)§ 230 (7)§ 
1-403 69-794 35-304 
99 (6) 359 (10)§ 152 (14)§ 
9-245 5-10,122 10-3,678 
200 (5) 208 (6)§ 100 (5)§ 
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Fig 2. Kinetic response to riL 2 mduction of LAK activity of 
PBMCs from normal controls {—A—) {n = 12); from patients <5 
months after SBA E` BMT ({—O—) {n = 8); and patients >6 
months posttransplantation (—l--) (n — 6). Results are expressed 
as the percentage + SEM of the maximum cytotolytic response to 
K562 (A) and SK-Mel-30 (B) when assayed on the day indicated. 


1898 KEEVER ET AL 


Table 4. Lysis of Peripheral Blood Targets by LAK Celis From Patients Following SBA E~ BMT 





Specific Lysis (%}* 





Targetst 
Week Host Donor 

UPN Disease Posttransplant PHA PHA K562 Daudi 
473 CML 8 0.3 + 0.2 0.4 + 0.2 71.6 + 3.4 50.0 + 4.3 
484 AML 5 6.0 + 0.2 0.5 + 0.3 $8.0 + 5.5 91.0 + 2.3 
483 ALL 5 0.3 + 0.5 3.2 + 1.6 67.0 + 4.7 43.2 + 2.8 
485 MYD 4 5.4 + 1.7 NT 83.0 + 5.2 372 + 2.4 
716 AML-1 9 89+ 1.7 2.6 + 0.4 64.8 + 6.2 55.6 + 6.1 
Control CTL* 52.5 + 6.7 29.7 + 3.6 42.8 + 6.9 NT 





PBMCs from patients were cultured for 6 days prior to LAK assay. 

*Effector/target cell ratio 50:1; results are expressed as percentage of specific lysis + SD of triplicate cultures. 

Patient PBMCs were frozen prior to transplant, and donor PBMCs were frozen on the day of transplant: both were thawed and cultured for 3 days in 
the presence of PHA before use as targets in °'Cr release assays. 

{Control CTLs were generated in the presence of riL 2 by 6-day coculture with irradiated donor PBMCs from patient 716. 


Table 5. Cold-Target Competition for LAK Effectors 





Specific Lysis (96) (% of Inhibition)* 





Week Kat Cold Targetst 
UPN Disease Posttransplant Targets Nonet K562 SK-Mel-30 PHAS 
Control a — K562 26.6 4.2 (84.2) 3.9 (85.3) — 
SK-Mel-30 25.7 5.2 (80.0) 5.0 (80.5) oe 
Control con one K562 51.7 12.1 (76.6) 11.3 (78.1) ma 
SK-Mel-30 41.3 16.7 (59.6) 21.2 (61.3) eei 
515 ALL 4 K562 50.0 22.8 (54.4) 29.8 {40.4} 50.2 (0.0) 
SK-Mel-30 26.2 9.0 (65.6) 7.0 (73.3) 27.9 (0.0) 
517 CML 3 K562 80.2 55.0 (31.4) 63.2 (21.2) 74.1 (7.6) 
SK-Mel-30 54.2 35.6 (34,3) 25.0 (53.9) 50.0 (7.73 
536 CML 4 K562 83.6 §7.5 (31.2) 52.2 (37.6) oe 
SK-Mel-30 72.0 36.0 (50.0) 36.2 (49.7) as 








PBMCs from patients and controls were cultured for 6 to 7 days in medium containing riL 2 prior to assay as described in the Materials and Methods 
section. Effector/target cells ratio in all *'Cr release assays was 10:1. 

*Percentage of reduction in lysis in the presence of cold targets. 

tUnlabeled (cold) targets were mixed with *'Cr-labeled (hot) targets at a ratic of 20:1 prior to addition to plates containing LAK effectors. 

Percentage of specific lysis in the absence of cold targets. 

§Unlabeled 3-day PHA blasts prepared from normal control PBMCs. 


Table 6. Effect of in Vivo irradiation on NK and LAK Activities 





Specific Lysis (%)* 





Assay: NK (100: 1}} LAK (10:1}t 
UPN Dayt Rad Targets: K562 K562 SK-Mel-30 
607 — 10 0) 11.9 + 2.1 32.7 + 1.9 40.3 + 3.4 
8 720 18.8 + 1.9 1.14 0.3 3.2 + 0.7 
~6 1,440 37.2+3.1 oe s 
722 -8 0 71.2 + 9.0 77.8 +44 60.4 + 1.7 
-7 720 50.1 + 2.6 = sin 
—5 1,440 35.5 + 2.9 1.6 + 0.2 —2.2 +01 
627 -9 0 38.6 + 4.0 63.7 + 2.8 57.2 + 5.4 
= 720 40.9 +29 13.2 + 1.6 33.7 + 3.2 
-5 1,440 59.4 + 5.1 —4.0 + 0.6 1.1401 
+18 0 z 533 + 4.0 55.4 + 4.8 
+30 o 51.4 +39 76.3 +48 65.3 + 4.0 


aeeiiaii AA AE EA aii A A ANASARE AA AAA AAA A r eA AAAA Aa ny AAAA AA naaa a Aaaa ert 


*Results are expressed as the percentage of specific lysis + SD of triplicate 5'Cr release assays. NK assays were incubated for 12 hours; LAK assays 
were incubated for 4 hours. 

+Effector/target cell ratio. 

Number of days before or following BMT. 
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shown in Table 7 indicate that the majority of PBLs were 
T3*,T11+* T cells, with 20% and 6% NKH1,°* cells surviving 
720 and 1,440 rad, respectively. The proportion of Leuli* 
cells increased somewhat following 720 rad, with more of the 
cells coexpressing NKH1i, (69% following 720 rad v 40% 
before irradiation) but were undetectable following 1,440 
rad. None of the NKH1,* cells jointly expressed T3 at either 
irradiation dose. 

Presence of LAK precursors in bone marrow frac- 
tions. To determine if the rapid reappearance of LAK cells 
following SBA”~E~ BMT was due to mature precursors 
transfused with the graft itself, we tested fractions of bone 
marrow from four donors in LAK assays (Table 8). There 
was little LAK activity following 4 days of culture in IL 2 of 
unseparated marrow from one donor, but a selective enrich- 
ment of LAK precursors was observed in the low-density, E 
rosette-positive fraction obtained following SBA treatment 
(SBA~E*) of this donor as well as in SBA” E? fractions from 
two additional donors tested. The SBA™E™ fractions (the 
bone marrow graft), in contrast, were severely depleted of 
cells that could be activated to lyse the LAK target SK- 
Mel-30. The IL 2-activated SBA~E™ fractions were more 
variable in their ability to kill the NK-sensitive target K562 
with specific lysis at an E:T ratio of 25:1 ranging from 8.6% 
following 6 days of culture to 29.6% on day 5 of culture. This 
variability may reflect quantitative differences in the deple- 
tion of mature LAK precursors or may be due to the 
generation of NK cells from immature precursors in the 
SBA~E> fractions. Maximum K562 lysis by SBA~E~ 
fractions was much less, however, than that by LAK cells 
from patients at week 3 post BMT following 3 days (E:T 
10:1 = 46.7 + 4.5) or 6 days (51.1% + 6.3%) of culture in 
riL 2. 

Effect of Tac MoAb on LAK generation. 1L 2-mediated 
proliferative responses can be blocked by the addition of 
MoAb directed to the a chain of the IL 2 receptor, Tac.” 
Conflicting results have been reported, however, concerning 
the ability of Tac MoAbs to inhibit the IL 2-mediated 
activation of NK cells’*”’ or LAK cells.’ Table 9 shows the 


1899 


Table 7. Phenotype of PBLs During TBI 


Positive Cells (%)} Positive Celis 1%} 











Single-Color Analysis * Two-Color Analysis of 
cD3 CD2 CD16 CD20 Tit” O NKHL BI + 

Rads T3 Tii NKH1, LII B1 DR T3 T3 fi DR 
O 70 92 20 14 2 15 76 0 40 100 


720 64 92 20 26 2 10 70 OG 68 100 
1,440 91 100 6 0 Q 6 90 90 0 0 


thet MS At oP ton EMEP A AN SG 


BMCs were isolated from patient 722 before, during. and immediately 
following TBI. 

*Values for single-color fluorescence represent percentage of the total 
lymphoid population positively reacting with the test antibody minus the 
percentage of cells exhibiting staining with an irrelevant control anti- 
body. 

+ Values for two-color fluorescence represent percentage of indicated 
subpopulation of cells expressing the second cell surface antigen. 


results following 3-day cultures of PBLs from two patients 
<8 weeks post SBA” E~ BMT and from one control in the 
presence of the indicated concentrations of Tac plus riL 2. 
The lytic activity of control PBLs as well as patient PBLs 
could be inhibited to varying degrees by Tac but could not be 
completely blocked. PBLs from the patient with the lowest 
lytic activity were most effectively blocked by Tac (93.6% 
inhibition). 

Phenotype of the LAK precursors and effectors. PBLs 
from both patients and controls were treated with MoAbs 
plus rabbit complement prior to culture in riL 2 to identify 
the phenotype of the LAK precursor or following culture to 
identify the LAK effector. Table 10 shows the results from 
11 experiments. In no experiment were we able to decrease 
the generation of LAK cells significantly with depletion of 
OKT3-, OKT4-, or OKTS8-positive cells from PBLs of 
patients or controls. In agreement with the results of Grimm 
et al,” treatment with OKT3 generally resulted in increased 
LAK activity. In our studies, however, removal of OKTI? 
cells did not enhance activation. We were able to deplete 
LAK precursors to varying degrees by treatment with 
MoAbs directed to antigens present on NK cells, eg, OK TIE, 


Table 8. Generation of LAK Celis From BM Fractions 


Experiment Fraction Day of Culture E:T = 25:1 
1 Unseparatedt 4 4.8 
SBA -E*+ 33.3 
SBA E™§ 13.0 
2 SBA E* 4 49.4 
SBA E” 18.8 
3 SBA E+ 5 110.5 
SBA™E™ 29.6 
4 SBA E` 6 8.6 


Specific Lysis (%)}* 


K562 SK-MEL-30 
10:1 1:1 25:1 10:4 4 
3.1 3.0 12.4 6.6 3.0 
39.1 14.3 59.4 45.7 13.2 
5.4 1.0 4.9 4.7 3.4 
35.2 7.1 57.2 25.7 3.7 
7.1 4.9 15.1 7.4 29 
103.1 92.7 40.0 29.5 14.9 
20.2 8.4 9.0 3.9 3.6 
2.0 0.0 1.2 9.0 0.0 


*Results are expressed as the mean percentage of specific lysis of triplicate °'Cr release assays. 
+Bone marrow cells were removed prior to treatment with soybean agglutinin (SBA) and sheep RBCs. Low-density bone marrow cells were obtained 
by separation over Ficoll-Hypaque and were cultured in medium containing 100 U/mL riL 2 and 10% pooled human serum for the indicated number of 


days as described in the Materials and Methods section. 


tCelis were obtained from NH,CL-lysed pellets following treatment of the bone marrow with SBA and SRBC. Low-density cells were cultured as 


described above. 


§Low-density, SBA-negative, and E rosette-depieted bone marrow cells cultured as described. 
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l Table 9. Effect of Anti-TAC on The Generation of LAK Activity 


UPN Posttraneptant 


Week 
Target 

Control __ K562 

SK-Mel-30 
566 4 K562 

SK~Mei-30 
546 5 K662 

SK-Mel-30 
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Lytic Units* Nach Inhibit 

-2 + Ant+Tact Dilution (%) 
341.4 98.3 1:5,000 71.0 
118.1 35.0 — 70.6 
20.4 3.0 1:250 86.0 
41.2 0.7 — 93.6 
475.2 159.1 1:500 67.0 
305.3 208.0 — 31.8 


LAK cultures were initiated in the presence of the indicated dilution of anti-Tac ascites. A final dilution of 1:5,000/10° cells gives maximal fluorescence 


intensity in indirect assays. 
*Results are expressed as the number of lytic units/ 10° ceils. 
¢IL 2 plus ant+Tac. 


Leu 11b, and NKH1,, although no single treatment com- 
pletely eliminated the generation of LAK cells. We were 
unable to reduce the activity of LAK effector cells by 
treatment with MoAbs to CD3 or CD8 plus complement. As 
in the precursor depletion experiments, the only MoAbs 
effective in reducing lytic activities were OKT11, Leu 11b, 
and NKH1,, the most effective MoAb being NKH1,. 
Correlation of LAK activity with clinical parame- 
ters. LAK cells were generated by culture in IL 2 of 
PBMCs from all patients tested. There were differences in 
the lytic activity of individual patients and, as shown in Fig 1 
and Table 3, some patients had very high activity. Because 
patients were tested following 6 to 7 days of culture as well as 
after 3 to 4 days, they were analyzed separately to determine 


if the level of LAK activity differed among the groups. 
Although some groups were small, there appeared to be no 
correlation of LAK activity with disease, age, speed of 
engraftment (day to ANC of 1,000) or the incidence of 
infections during the posttransplant period. Too few patients 
have been accrued and followed for a sufficient period to 
assess whether there is any correlation between quantitative 
aspects of LAK cell regeneration and leukemic relapse. This 
study is currently in progress (data not shown). 


DISCUSSION 


The course and kinetics of immunologic reconstitution 
following SBA~E~ BMT would be expected to differ from 
that following a conventional transplant, since the contribu- 


Table 10. Phenotype of LAK Precursors and Effectors 


MoAb + Complement (% of Complement Contrai)* 


OKT3 OKT4 OKT8 


Specific Lysis 
Week Complement 
UPN Posttransplant Target Control (9%) 
Precursors} 
Normal K562 16 
contro SK-Mel-30 24 
Normal K582 42 
control SK-~Mel-30 32 
658 7 K562 68 
SK-Mel-30 63 
556 6 K562 41 
SK-Met-30 29 
546 4 K562 99 
SK-Mal-30 97 
Effectorst 

Norma! K562 24 
control SK-Met-30 32 
Normal K662 30 
control SK-~Met-30 43 
662 3 K662 65 
SK~Met-30 68 
559 6 K562 16 
SK-Mal-30 24 
517 3 K562 63 
SK-Mel-30 70 
653 5 K562 55 
SK-Mel-30 ' 9 


(CD3) {cD4) (CD8) (cD2) 
OKT11 Leut1 NKH1, 

177 185 93 ex 63 36 
150 100 71 oe 57 36 
138 = = 62 30 oa 
156 E = 61 71 = 
82 90 81 68 72 34 
111 84 88 61 74 33 
176 105 105 31 25 45 
244 119 119 20 1 56 
= ae ae = 58 a 
<= 2s 2: acs 82 ues 
72 = 98 25 17 12 
63 = 130 39 60 50 
83 = 112 34 73 24 
83 = 86 55 77 19 
124 87 108 65 62 ne 
98 87 97 60 68 se 
140 = = 39 16 sii 
109 = ee 41 37 are 
123 = = 80 71 — 
98 = = 72 51 em 
— — — — 80 g 
— — — — 85 13 





*Effector/target cell ratio In al assays was 10:1. Results are expressed as percentage of complement control. 
+PBLs were treated with MoAb and complement prior to culture in riL 2 for 72 to 96 hours. 
$PBLs were incubated with MoAb and complement following culture in medium containing IL 2 as described. 
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tion of mature cellular elements from the graft and the 
effects of GVHD prophylaxis” as well as GVHD itself,**” 
are largely eliminated. Indeed, in our studies of patients post 
SBA -E BMT, we have demonstrated a delay in the regen- 
eration of IL 2-sensitive T cells capable of proliferating in 
response to mitogen.* Unlike recipients of conventional mar- 
row, however, recipients of SBATTE BM grafts transiently 
develop a population of T cells that spontaneously secrete IL 
2 early in the posttransplant period. We were therefore 
interested in determining whether other cell populations, 
such as NK cells or LAK cells that might be sensitive to 
exogenous or endogenously produced IL 2, emerge during 
the early stages of immunologic reconstitution. 

Ault et al? have demonstrated that the predominant 
population of lymphoid cells appearing between days 10 and 
20 following CD5* T cell-depleted BMT, have the phenotype 
and function of NK cells. Similar early recovery of NK 
function has been reported following transplantation of both 
conventional marrow**”* and bone marrow depleted of T cells 
by MoAb plus complement.” Likewise, we found that as 
early as 3 weeks post SBA`E” BMT, lysis of K562 by 
PBMCs from patients was equal to that by normal control 
NK cells. In the early posttransplant period, we also observed 
increased lysis of two NK-insensitive targets, the Burkitts’ 
lymphoma cell line Daudi and an adherent melanoma cell 
line SK-Mel-30 by patient PBMCs as compared with con- 
currently tested normal controls. Similar enhanced lytic 
activity toward an NK-resistant B lymphoblastoid cell line 
was reported by Rooney et al” in patients 12 to 14 weeks 
following transplantation of bone marrow depleted of T cells 
by two T cell-specific MoAbs and complement. 

The development of IL 2-inducible nonspecific cytotoxic 
cells (LAK) during the posttransplant period was examined 
in a murine system by Merluzzi et al, who showed that 
LAK cells could be generated at 2 weeks postsyngeneic 
BMT, preceding by 2 weeks the capability to mount a 
specific CTL response. We found a similar early appearance 
of LAK precursors 3 weeks following SBA”~E” BMT. Cul- 
tures of patient PBMCs in rIL 2 for 6 to 7 days resulted in 
LAK effectors with activities equal to or only slightly lower 
than those from a normal control group. Following 3 to 4 
days of culture in rIL 2, however, the lytic activity of patient 
LAK cells was significantly greater than LAK cells from the 
controls. We found that unlike those of controls or patients 
late after transplant, the LAK precursors developing during 
the first 5 months posttransplant had a maximal response 
after 3 to 4 days of culture in riL 2. PBMCs from normal 
controls and patients tested between week 20 and week 76 
posttransplant generated peak LAK activity after 5 to 6 days 
of culture, as has been reported for cancer patients and 
normal controls using noncultured tumor targets." This 
accelerated response of LAK precursors to IL 2 coupled with 
the capacity of lymphocytes isolated from patients early post 
BMT to kill NK-insensitive targets spontaneously suggest 
the presence of a population of cells that has been activated 
in vivo. This activation may be a response to the IL 2 that we 
have reported to be produced spontaneously by T cells 
following SBA~E~ BMT. 

We questioned whether riL 2 might activate cells within 
the PBLs that have autoreactivity” or cells with reactivity to 


1907 


minor alloantigens expressed on host cells.” To address this 
possibility, we tested PHA blasts prepared from donor 
and/or host PBMCs as targets in LAK assays. Although 
both autologous PBL targets as well as PHA blasts can be 
lysed at low levels by LAK cells from some individuals,?""* 
IL 2-activated effectors from our patients showed no cytoly- 
sis of either donor or host targets. Furthermore, we demon- 
strated in cold-target competition experiments a population 
of LAK cells that recognized equally well both NK-sensitive 
and NK-insensitive unrelated targets but not third-party 
PHA blasts. 

The origin of the LAK precursors developing early post- 
transplant has not been definitively determined. Our studies 
of the radiosensitivity of LAK precursors in vivo suggest that 
this activity is more sensitive than the lytic ability of freshly 
isolated NK cells to the irradiation dosage (1,440 rad) used 
for pretransplant cytoreduction. Although we have not as yet 
characterized the emerging LAK cells in clonal assays as 
donor or host, we have observed LAK precursors as carly as 
18 days posttransplant from a patient who by cytogenetic 
analysis of bone marrow had dividing cells predominantly 
(94%) of donor origin. The rapid regeneration of LAK 
activity posttransplantation does not appear to be due to 
enrichment of LAK precursors in the SBA E` BM grafi. 
Our data indicate rather that LAK precursors are concen- 
trated in the E* fraction collected following treatment with 
SBA. Following culture of SBA” E` marrow in medium 
containing IL 2, there was no substantial lysis of NK- 
resistant targets, although there was some lytic activity 
towards K562. This activity may reflect the IL 2-induced 
generation of NK cells from early marrow precursors as 
reported in murine systems.” Thus, mature LAK precur- 
sors in the host appear to be depleted by pretransplant 
conditioning and the early appearance of the LAK response 
postgrafting apparently is due to the rapid growth and 
differentiation of donor-derived LAK precursors from more 
primitive cells in the SBA TE BM inoculum. Formal cytoge- 
netic studies of LAK cells are needed, however, to rule out 
the possibility that primitive progenitors of LAK cells persist 
through cytoreduction and contribute to the LAK activities 
detected early post-BMT. 

Recent evidence suggests that both LAK precursors and 
effectors derive from cell populations with the morphology 
and phenotype of NK cells,“ although CD3° cells bearing 
the NKH1, antigen may have minor activity.” Studies by 
Itoh et al® using both positive and negative selection of Leu 
11* PBLs suggested that this population of LGLs are the 
LAK precursors. More recently, cells within the Leu 11”, 
NKH1,” cell population have been shown to be most 
strongly activated by IL 2 to lyse fresh or cultured NK- 
resistant tumor targets and to maintain this phenotype 
following culture in IL 2.“** Our results in both controls and 
patients post-BMT confirm that the LAK precursors do not 
bear the classic markers of mature T cells, eg, CD3, CD4, or 
CD8. We were able to deplete LAK precursors partially with 
OKTII, Leu lib, and NKH1, plus complement, all of which 
are antigens present on LGLs with NK activity. Likewise in 
our experiments, removal of OKT3* or OKTS* effector cells 
did not reduce killing of either NK-sensitive or NK-resistant 
targets. As in our precursor experiments. however, the 
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removal of cells with NK phenotypes did decrease effector 
function. The most complete depletion of activity followed 
treatment with the MoAb NKH1, plus complement. 

We further characterized the LAK phenomenon post- 
BMT by examining whether IL 2 stimulated the generation 
of LAK cells directly by binding to its receptor (Tac)'’ on 
LAK precursors. During incubation with riL 2, we previ- 
ously showed a marked increase in the number of Tac” cells 
in cultures of PBMCs from patients and controls,* suggesting 
either induction by IL 2 of its receptor“ or, alternatively, 
expansion of preexisting Tac-positive cells. Blocking of IL 2 
receptors by the addition of Tac at the initiation of LAK 
cultures resulted in up to a 93.6% reduction in the subse- 
quently tested lytic activity. Other investigators have 
reported that the enhanced lytic activity of NK cells exposed 
to IL 2 in short-term cultures is not blocked by Tac” and 
that this activation likely occurs through the newly described 
8 chain receptor. The subsequent generation of LAK 
activity is inhibited by Tac, however. *” Therefore, the 
activity detected in our patients early post-SBA` E~ BMT is 
more characteristic of LAK cells than of preactivated NK 
cells. 
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From our studies, both NK cells and IL 2-inducible 
precursors of cells which lyse both NK-sensitive and NK- 
resistant tumor targets but not peripheral blood targets of 
donor or host origin appear to emerge early after SBA’ E™ 
BMT. In patients, as well as in the controls we have 
examined, the LAK effectors and their precursors share 
phenotypic characteristics with NK cells and do not bear 
antigens present on mature cytotoxic or helper T cells. Our 
studies also suggest, however, that these LAK cells differ 
from NK cells in that they are radiosensitive and are 
generated by the direct action of IL 2 through the TAC 
surface receptor. The redeveloping populations of NK and 
LAK cells may contribute to the process of immunologic 
recovery after transplantation by providing helper factors for 
B lymphocytes or by serving as antiviral effectors.” Their 
potential role in engraftment or against the reemergence of 
host leukemic cells”! remains to be determined. 
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Regulation of Erythropoieten Production in a Human Hepatoblastoma Cell Line 


By Ove J. Nielsen, Stephen J. Schuster, Randal Kaufman, Allan J. Erslev, and Jaime Caro 


Production of immuno and biologically active erythropoie- 
tin was documented to occur in the human hepatoblastoma 
cell line HepG-2. The expression of the erythropoietin gene 
was further verified by Northern blot analysis using a single 
stranded RNA probe. In vitro studies showed that erythro- 
poietin production by these cells was not stimulated by 
hypoxia or cobalt chloride, but was related to the prolifera- 


RYTHROPOIETIN is a hematopoietic growth factor 
that plays an essential role in the differentiation of 
committed erythroid progenitor cells into mature erythroid 
precursor cells.'? It is a heavily glycosylated protein with a 
mol wt of ~34,000 Daltons, approximately one half of which 
is made up by carbohydrates.’ The peptide backbone consists 
of 166 amino acids and contains three potential N-glycosyla- 
tion sites.*° In adults erythropoietin is synthetized primarily 
by the kidney,° and to a small extent by the liver.’ In both 
organs the rate of erythropoietin synthesis is augmented by 
anemic, hypoxic and histiotoxic hypoxia.*” 

Although the liver is the main source of extrarenal 
erythropoietin in the adult organism, erythropoietin produc- 
tion has not been observed in physiologic short term cultures 
of adult hepatic parenchymal cells. Such synthesis has been 
claimed for cultures of adult rat Kupffer cells? and fetal 
mouse hepatocytes.'| The amount of erythropoietin pro- 
duced, however, is exceedingly small and usually not measur- 
able unless the culture medium is concentrated up to 60-fold. 
Nevertheless in one study the rate of production of erythro- 
poietin by fetal mouse hepatocytes was found to respond to 
hypoxia but not to cobalt chloride.'” 

After screening a number of established human hepatoma 
cell lines for erythropoietin production we found that the 
HepG-2 cell line, which has served as a valuable tool for the 
investigation of the synthesis of a number of plasma proteins, 
also secretes erythropoietin. A similar secretion of erythro- 
poietin by human hepatoma cells has been described by 
Okabe et al,'* but in the present studies we were able to 
characterize the production of erythropoietin by HepG-2 
cells by studying the effects of hypoxia, cobalt chloride, and 
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tive activity of the cells in culture. In addition it was found 
that the secretion of erythropoietin was almost completely 
abrogated by tunicamycin, an inhibitor of N-linked glycosy- 
lation. This effect of tunicamycin was also observed in a 
permanently transfected cell line that secretes erythro- 
poietin in large quantities. 

@ 1987 by Grune & Stratton, Inc. 


cellular growth rate. Furthermore, using this cell line and a 
cell line permanently transfected with the human erythro- 
poietin gene, we have examined the role of the carbohydrate 
component of the erythropoietin molecule on erythropoietin 
synthesis and secretion. 


MATERIALS AND METHODS 


Cell cultures. The human hepatoblastoma cell line HepG-2 
(passages 100-160), generously provided to us by B. Knowles 
(Wistar Institute, Philadelphia), was routinely maintained in culture 
flasks (T-75 Corning) containing MEM 10% fetal calf serum 
(GIBCO, Grand Island, NY). For the experimental protocols the 
cells were transferred to 35-mm plates and grown to confluence. 
Each plate contained 2 mL of culture media and culture periods 
were routinely 48 hours in a 5% CO, 37°C incubator (Forma 
Scientific). The cell density at the time of confluency was between 
1.6 and 1.8 x 10° cells per plate. After the termination of the 
incubation period, supernatants were harvested, centrifuged, and 
stored at —20°C until assayed. Lysates of cells were prepared by 
washing menolayers with 0.9% NaCl followed by the additien of 
proteolysis inhibitor buffer (0.05 mol/L Na citrate, 2,000 U Trasy- 
fol, 1 mol/L EDTA, 0.1 mol/L phenylmethylsulphonylfluoride 
[PMSF], 19 mmol/L benzamidine). The plates were frozen at 
20°, thawed and homogenized with 1 mL homogenization buffer 
(0.1M PO, pH 7.6, 4.5% bovine serum albumin, 50 ug/mL leupep- 
tin, and | mmol/L PMSF). The lysate was spun at 3,000 rpm for 30 
minutes and the supernatant saved for assays. The studies relating to 
the effect of hypoxia on the HepG-2 cells were performed in a sealed 
modular incubator chamber (Billup-Rothenberg, CA} that was 
equilibrated with mixtures of CO,, nitrogen and oxygen to give the 
desired oxygen tension. Cobalt chloride (Fisher) was dissolved in 
sterile saline and added in the desired concentration. Tunicamycin 
(Sigma, St Louis) was dissolved in 0.01 mol/L NaOH to a stock 
solution of 0.5 mg/mL. The cells were exposed for 18 hours to 
tunicamycin before the initiation of the experiment and tunicamycin 
was present in the media during the whole incubation period. 

Measurement of erythropoietin. Erythropoietin levels in super- 
natants and cell lysates were measured by a sensitive double 
antibody radioimmunoassay as previously described.*'* Pure radio- 
labeled recombinant erythropoietin (Genetics Institute, Boston) was 
used as a tracer in the competitive assay and the antibody was 
developed in rabbits against human urinary erythropoietin. The 
lower level of sensitivity of this assay is ~2 to 4 mU /mL. of sample. 

Biologic erythropoietic activity of HepG-2 supernatants was 
determined in the hypertransfused polycythemic mice assay as 
previously described.“ The level of sensitivity of this assay is ~50 
mU/mL and some supernatants were concentrated five to ten times 
(Amicon PM-10 membranes) before being assayed. 

Measurements of transferrin and albumin. Double-antibody 
enzyme-linked immunoassays of both human albumin and trans- 
ferrin were developed in our laboratory by modification of standard 
methods.” Alkaline phosphatase conjugated goat anti-rabbit IgG 
(Cappel) was used as the second antibody in both assays. The 
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primary antibody against transferrin was developed in our labora- 
tory and the anti-human albumin antibody was obtained from 
Cappel, The lower limit of sensitivity in both assays was ~2.0 to 4.0 
ug/ml. 

Northern blots. Total mRNA was extracted from confluent 
monolayers of HepG-2 cells by a modification of the Chirgwin 
method. ™* Cells were directly homogenized in 4 mol/L guanidium- 
isothiocyanate buffer, centrifuged at 12,000 rpm for 30 minutes, and 
the supernatant was subsequently pelleted through a 5.7 mol/L CsCl 
cushion after overnight centrifugation at 35,000 rpm at 20°C in a 
Beckman ultracentrifuge. Poly A? RNA was selected by affinity 
chromatography onto an oligo dt-cellulose column (Pharmacia, 
Piscataway, NJ).'" Northern blot analyses were carried out essen- 
tially as described by Lehrach et al.” RNA was denatured by 
formaldehyde-formamide and subjected to electrophoresis in 1.2% 
agarose gels. The gels were blotted into Nytran filters and hybrid- 
ized against a P labeled single stranded RNA probe.” This probe 
consists of a 660 base pair (bp) Sma Il---EcoRI, mouse Epo genomic 
fragment representing 160 bp of intron IV and 500 bp of exon V 
inserted in a pSP65 plasmid and was provided to us by C. Shoemaker 
(Genetics Institute, Boston). This region was ~90% homology with 
the human gene. Hybridization was carried out at 65°C with probe 
(10’ cpm/mL) in 50% formamide, 10% dextran sulfate (wt/vol), 20 
mmol/L of NaPo,, pH 6.5, 5 x SSC, 0.2% sodium dodecyl sulfate 
(SDS), 0.05% bovine serum albumin (BSA), 0.05% Ficoll, 0.05% 
polyvinylpyrrolidine (PVP), 200 ug/mL of denatured salmon sperm 
DNA, | mg/mL yeast tRNA and 100 ag/mL of each of poly A, poly 
I, and poly C. After 12 hours of hybridization the filters were washed 
at 65°C with decreasing concentration of salts starting at 5 x SSC, 
0.1% SDS and final wash in 0.1 x SSC, 0.1% SDS. (SSC is 0.15 
mol/L. NaCl, 0.015 mol/L sodium citrate.) Washed filters were 
further digested with RNAse A as described by DeLeon et al.” 
Filters were exposed for 48 hours to Kodak XAR-5 film at — 70°C 
using intensifying screens. 

Radiolabeling experiments. Confluent monolayers of HepG-2 
cells were incubated for 48 hours in the presence of *S methionine or 
*H mannose (Amersham, Amersham, IL) in order to measure total 
protein synthesis and glycolysilation, respectively. Tunicamycin was 
added at variable concentrations from a stock solution of 0.5 mg/mL 
in 0.01 mol/L NaOH. After overnight preincubation with tunicamy- 
cin the media was replaced with fresh media containing radiolabeled 
tracers (50 uCi per plate of either °S methionine or °H mannose). 
Supernatants were collected after 48 hours incubation and the 
incorporated label was separated from the free isotopes using gel 
filtration on a G-25 sephadex column, (Pharmacia PD-10, dispos- 
able columns), as modified from Gilman et al.” The columns were 
eluted with 0.15 mol/L NaCl, 0.05 mol/L PO, pH 7.4 buffer and 
aliquots were counted by liquid scintillation. 

Immiunoprecipitation studies were conducted in HepG-2 cells and 
Chinese Hamster Ovary (CHO) cells transfected with the human 
erythropoietin gene (Genetics Institute). Cells were incubated with 
500 wCi/plate of **S cysteine in cysteine-free media (GIBCO) in the 
presence or absence of tunicamycin, as described above. Superna- 
tants and cell lysates were immunoprecipitated with a mixture of two 
monospecific antibodies raised in our laboratory against synthetic 
oligo peptides corresponding to the 1-26 amino-terminal and 150- 
166 carboxy-terminal sequences of the human erythropoietin mole- 
cule. These antibodies were generated essentially as described by 
Sue and Sytkowski™ except that the peptides were linked to keyhole 
limpet hemocyanine instead of albumin. Samples for immunopreci- 
pitation were incubated for 24 hours with a final 1:100 dilution of 
antibodies followed by precipitation using Protein A Sepharose 4B 
(Pharmacia). Immunoprecipitates were analyzed by 12% SDS- 
PAGE (Laemelli) followed by autoradiography.” 
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RESULTS 


Erythropoietin production by HepG-2 cells. Culture 
supernatants from confluent monolayers were assayed for 
erythropoietin activity using radioimmunoassay. Serial dilu- 
tions of culture media displaced radiolabelled pure eryth- 
ropoietin in a parallel way to human urinary Epo. In 
confluent cultures erythropoietin production ranged from 40 
to 150 mU/mL per 10° cells cultured for 48 hours. This 
production has been stable aver more than 50 cell passages. 
The erythropoietic material was found also to be active in 
vivo as measured by the hypertransfused mice assay. Slightly 
lower values were observed with the bioassay suggesting the 
presence of some desialated material. 

Cell growth and erythropoietin production. The 
influence of growth rate on erythropoietin production was 
studied in cultures maintained for four consecutive three-day 
periods. Cultures were initiated at a low cell density and high 
proliferative rate and maintained until overconfluent. Super- 
natants were harvested at the end of each period and 
replaced with new media. Parallel cultures were used to 
determine cell numbers (duplicate determinations of three 
replicas). As shown in Fig | maximal erythropoietin produc- 
tion occurs at densities between 5 and 10 x 10° cells/cm’, at 
which time the cells are at their maximal proliferative 
activity. When cultures reach confluence (densities >20 x 
10*/cm’*) there is a significant decrease in erythropoietin 
production. 

Effect of hypoxia and cobalt on erythropoietin produc- 
tion by HepG-2 cells. Confluent cultures of HepG-2 cells 
were subjected to increasing degrees of hypoxia by incubat- 
ing them for 48 hours with predetermined mixtures of 
different concentrations of oxygen and nitrogen in the pres- 
ence of a constant 5% CO, atmosphere. As shown in Fig 2, a 
lowering of the oxygen tension from 20% to 2% induced a 
more than tenfold decrease in Epo production. Control 
cultures produced 80 + 5 mU of Epo per 10°/cells per mL of 
media and no differences in cell counts were observed. 

Similarly, cobalt chloride, another known stimulus of 
erythropoietin synthesis in vivo, did not stimulate Epo pro- 
duction. As shown in Fig 3, there was a dose-dependent 
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Fig 1. 
cells were maintained in culture for four consecutive three-day 
periods. The media was totally exchanged at each period interval. 
Epo was measured by RIA and expressed as mU/10° cells. Cell 
counts were performed in duplicate cultures. 


Dependence of Epo production on cell density. HepG-2 
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Fig 2. Effect of hypoxia on erythropoietin production. Con- 
fluent HepG-2 cells were cultured for 48 hours under conditions of 
variable hypoxia. Epo was measured by RIA and expressed as 
percent of the cultures maintained at 20% Q,. 


suppression of Epo production when cells were incubated for 
48 hours at increasing doses of cobalt. The levels decreased 
from 68 + 5 mU/mL in the nontreated plates to nondetect- 
able levels at the highest concentration of cobalt. The 
suppressive effect of hypoxia and cobalt was probably sec- 
ondary to a general inhibitory effect, since similar changes 
were observed in the synthesis of albumin and transferrin. 
Effect of tunicamycin or erythropoietin secretion. Tuni- 
camycin, a potent inhibitor of glycosylation, was used to 
study the role of the carbohydrate component of the erythro- 
poietin molecule on its synthesis and secretion. In order to 
evaluate the extent of glycosylation of proteins secreted by 
tunicamycin-treated cultures, radiolabeling experiments 
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Fig3. Effect of cobalt on erythropoietin production. Confluent 
HepG-2 cells were cultured for 48 hours in the presence of cobalt 
chloride at variable concentrations. Results are expressed as 
percent of cultures in the absence of added cobalt. 
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were performed using °H mannose as a tracer. The possible 
inhibitory effect of tunicamycin on total protein synthesis 
was evaluated by measuring the incorporation of *S methio- 
nine. Separation of free and incorporated label was obtained 
by gel filtration. Figure 4 shows that in doses of 2.5 to 5 
g/mL tunicamycin will produce a 95% inhibition in °H 
mannose-labeled protein and a 35% inhibition of “S methio- 
nine-labeled protein. 

In comparison, the specific effect of tunicamycin on the 
secretion of albumin, transferrin, and erythropoietin is 
depicted in Fig 5. While even the lowest concentration of 
tunicamycin (0.625 ng/mL) was associated with an almost 
complete abrogation of erythropoietin secretion from 51 + 2 
mU/mL te 8 + 2mU/mL, both albumin (a nonglycosylated 
protein) and transferrin (6% carbohydrates) were only mod- 
erately affected, at a rate reflecting the nonspecific inhibi- 
tory effect of tunicamycin on total protein synthesis. Intra- 
cellular levels of erythropoietin showed no significant 
changes in the presence or absence of tunicamycin (12 + 2 
mU/plate v 14 + 2 mU/plate). 

The effect of tunicamycin on the level of specific Epo 
mRNA was studied by Northern blot analysis of poly A+ 
RNA obtained from confluent HepG-2 cells cultured in the 
presence or absence of tunicamycin (5 ng/mL) for 48 hours. 
Figure 6 shows the positive hybridization signal at around 18 
S obtained with a P-labeled single-stranded RNA probe 
and shows that the intensity of the signal in treated and 
untreated cultures is equivalent. The mobility of the mRNA 
closely corresponds to the signal observed by Jacobs et al 
using human fetal liver cells. However, there is also a smaller 
minor hybridization band that may be the result of break- 
down products or represent a different species present in the 
tumor cell line. 
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Fig4. Dose-response curve of the effect of 48 hours exposure 
to tunicamycin on total protein synthesis (“methionine @-——@) and 
glycosylation (H mannose @-----@). Free and incorporated tracers 
were separated by gel filtration. Values are expressed as percent 
of secreted proteins in the absence of tunicamycin. 
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Fig 5. Effect of tunicamycin on the secretion of erythropoie- 
tin, albumin, and transferrin. HepG-2 cells were exposed to 
different concentrations of tunicamycin for 48 hours and superna- 
tants were assayed for each specific protein by RIA or ELISA. 
Values are mean + SD and are expressed as percent of protein 
secreted in the absence of tunicamycin. 


To provide further evidence of the specific suppressive 
effect of tunicamycin on erythropoietin secretion by mam- 
malian cells, immunoprecipitation studies were conducted in 
CHO cells transfected with the human erythropoietin gene, 
since the relatively low level of expression of erythropoietin in 
the HepG-2 cells precluded the experiment in this cell line. 
CHO cells were incubated with *S cysteine (500 wCi/plate) 
in the presence and absence of tunicamycin (5 ug/ml). 
Supernatant and cell lysates were immunoprecipitated with 
specific antierythropoietin antibodies obtained against 
erythropoietin oligopeptide sequences. Figure 7 shows no 
immunoprecipitable material in the tunicamycin-treated cul- 
ture supernatants (lane 7) as compared with the nontreated 
control (lane 3). Furthermore, intracellular erythropoietin 
appears to accumulate in the treated cells as a major strong 
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Fig 6. Northern blot analysis of ° 
Poly A’ RNA from HepG-2 cells. RNA 
was extracted from HepG-2 cells cul- 
tured in the presence or absence of 
tunicamycin for 48 hours. After elec- 
trophoresis and transfer to nylon fil- 
ters they were hybridized with a sin- 
gle-stranded “P mRNA probe. Lane 1 
(control) and lane 2 (tunicamycin 5 
ug/mL) show radioautography of 10 
ug per lane of Poly” RNA. 
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Fig 7. immunoprecipitation of CHO celis transfected with the 
human Epo gene. CHO cells were incubated with "S cysteine in 
the presence (5 ng/mL} or absence of tunicamycin. Supernatants 
and cell lysates were immunoprecipitated with specific anti-Epo 
antibodies followed by SDS-PAGE and autoradiography. Lanes: (1) 
Radioiodinated pure Epo: (2) cell lysate of transfected cells; (3) 
supernatant of transfected cells; (4) cell lysate of nontransfected 
cells; (5) supernatant of nontransfected cells; (6) cell lysate of 
transfected cells with tunicamycin: (7) supernatant of transfected 
cells with tunicamycin. 


single band with an apparent mol wt of ~21.5 kd (lane 6} 
compared with an apparent mol wt of ~36.0 kd of the mature 
molecule (lane 2). At ~45 kd there is also a minor band that 
may represent aggregates of aglyco-Epo or, more likely, 
nonspecific coprecipitation of other intracellular labeled 
proteins. Interestingly, intracellular erythropoietin in the 
nontreated cells showed the presence of two forms, one with 
the apparent mol wt of the mature erythropoietin and 
another form with a slightly lower mol wt. This latter band 
probably represents erythropoietin molecules with immature 
glycosylation patterns. Further studies using Endo H will be 
necessary to clarify this point. 


DISCUSSION 


The liver is the main site of extrarenal erythropoietin 
production in adult animals” and may play a predominant 
role in the production of erythropoietin during fetal life.” 
Increased erythropoietin production has been observed in 
patients with hepatomas and in accord with a previous report 
by Okabe et al'* the present study showed that certain 
human hepatoblastoma cells can produce erythropoietin. 
Our cell line, HepG-2, established originally by Knowles et 
al? from a child with an hepatoblastoma, has been found to 
secrete a number of plasma proteins, especially high levels of 
alpha feto-protein. Production of erythropoietin was docu- 
mented with both radioimmune assay and in vivo bioassay 
and by the presence of specific mRNA in northern blot 
analysis. 
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In vivo hypoxia constitutes a potent stimulus for erythro- 
poietin production both by the kidney and the liver. Such 
hypoxic stimulus has also been found to induce Epo synthesis 
in cultures of fetal liver cells.'* In the present study, however, 
cultures of HepG-2 cells failed to respond to hypoxia with 
increased Epo production. On the contrary there was an 
actual decrease in Epo synthesis as the oxygen tension was 
lowered. Furthermore, cobalt chloride, a pharmacologic 
stimulator of Epo production, also failed to elicit a stimulat- 
ing response. The reason for this lack of response remains 
obscure but is compatible with the contention that hormone 
production in malignant cells is not subjected to the regula- 
tory mechanisms operating under physiologic conditions. 

Several in vivo studies have shown that hepatic erythro- 
poietin synthesis is enhanced in conditions of accelerated 
cellular proliferation. This phenomenon has been observed 
after partial hepatectomy, hepatocyte injury, or in the recov- 
ery phase of acute hepatitis.”’’’ In our cell line it was found 
that peak erythropoietin production coincided with peak 
proliferative activity. It is tempting to suggest that the 
activation of the gene in the regenerating liver and in the cell 
line may be mediated by a similar mechanism. 

The availability of this cell line has offered the opportunity 
to explore the biological significance of the carbohydrate 
component of the erythropoietin molecule on its intracellular 
processing and secretion. The role of N-linked glycosylation 
was examined with the use of tunicamycin, which blocks the 
addition of N-acetyl glucosamine to dolichol phosphate and 
thereby inhibits the formation of the core oligosaccharide.“ 
In the presence of tunicamycin the secretion of erythropoie- 
tin was almost completely abrogated. In contrast, secretion 
of another glycoprotein, transferrin, and a nonglycosylated 
protein, albumin, were only moderately affected. 
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Measurements of specific erythropoietin mRNA in 
treated and nontreated cells showed no difference in hybrid- 
ization signal between the two groups, suggesting that tu- 
nicamycin had no specific effect on transcription, but was 
acting at a posttranscriptional or secretory level. 

To confirm the impression that the effect of tunicamycin 
was due to a lack of secretion of the nonglycosylated protein, 
supplementary studies were conducted in CHO cells trans- 
fected with the human erythropoietin gene. These cells 
secrete about a thousand-fold more Epo than HepG-2 cells 
and were therefore suitable for immunoprecipitation studies. 
The studies in CHO cells confirmed the lack of secretion of 
erythropoietin and demonstrated that tunicamycin-treated 
cells did synthesize the hormone that was accumulated 
intracellularly. 

In conclusion we describe a human hepatoblastoma cell 
line that constitutively secretes erythropoietin into the cul- 
ture media. Erythropoietin synthesis in this cell line appears 
not to be regulated by the physiologic modulators of erythro- 
poietin production such as hypoxia or cobalt; however, it is 
related to the proliferative activity of the cells. Using this cell 
line and permanently transfected CHO cells, we have shown 
that secretion of the erythropoietin molecule depends on 
intact N-linked glycosylation. 


ACKNOWLEDGMENT 


We are greatly indebted to B. Knowles (Wistar Institute, Phila- 
delphia), who provided us with the HepG-2 cell line, and 
C. Shoemaker (Genetics Institute, Boston}, who provided us with the 
Epo probes. We also greatly appreciate the technical help of 
J. Wilson, the graph work of D. Likens, and the secretarial work of 
D. Riso. 


REFERENCES 


1. Erslev AJ: Humoral regulation of red cell production. Blood 
8:349, 1953 

2. Spivak JL: The mechanism of action of erythropoietin. Int J 
Cell Cloning 4:139, 1986 

3. Dordal MS, Wang F-F, Goldwasser E: The role of carbohy- 
drate in erythropoietin action. Endocrinology 116:2293, 1985 

4. Lin F, Suggs S, Lin C, Browne J, Smalling R, Egrie J, Chen K, 
Fox G, Martin F, Stabinsky Z, Badrawe S, Lai P, Goldwasser E: 
Cloning expression of the human Epo gene. Proc Natl Acad Sci 
USA 82:7580, 1985 

5. Jacobs K, Shoemaker C, Rudersdorf R, Neill S, Kaufman R, 
Murson A, Leehra J, Jones S, Hewick R, Fritsh E, Kawakita M, 
Shimizu T, Miyake T: Isolation and characterization of genomic and 
cDNA clones of human EPO. Nature 313:806, 1985 

6. Jacobson LO, Goldwasser E, Fried W: Role of kidney in 
erythropoiesis. Nature 179:633, 1957 

7. Fisher JW: Extrarenal Epo production. J Lab Clin Med 
93:695, 1979 

8. Caro J, Erslev AJ: Biological and immunological EPO in 
extracts from hypoxic whole rat kidneys and in their tubular and 
glomerular fractions. J Lab Clin Med 103:922, 1984 

9. Fried W, Killbridge T: Effect of testosterone and cobalt 
chloride on erythropoietin production by anemic rats. J Lab Clin 
Med 74:623, 1969 

10. Paul P, Rothmann JA, McMahon JT, Gordon AS: Erythro- 
poietin secretion by isolated rat Kupffer cells. Exp Hemat 12:725, 
1984 


11. Zucali JR, Stevens V, Mirand EA: In vitro production of 
erythropoietin by mouse fetal liver. Blood 46:85, 1975 

12. Kurtz A, Jelkman W, Pfuhl A, Malmstrom K, Bauer C: 
Erythropoietin production by fetal mouse liver cells in response to 
hypoxia and adenylate cyclase stimulation. Endocrinology 118:567, 
1986 

13. Knowles B, Howe C, Aden D: Human hepatocellular carci- 
noma cell line secretes the major plasma proteins and hepatitis B 
antigen. Science 209: 497, 1980 

14. Okabe T, Urabe A, Kato T, Chiba S, Takaku F: Production 
of erythropoietin-like activity by human renal and hepatic carci- 
nomas in cell culture. Cancer 55:1918, 1985 

15. Garcia J, Sherwood J, Goldwasser E: Radioimmunoassay of 
erythropoietin. Blood Cells 5:405, 1979 

16. Kazal L, Erslev AJ: The measurement of erythropoietin. Am 
Clin Lab Sei 5:91, 1975 

17. Wisdom GB: Enzyme immunoassay. Clin Chem 22:124, 
1976 

18. Chirgwin JM, Przybyla AE, MacDonald RJ: Isolation of 
biologically active ribonucleic acid form sources enriched in ribonu- 
clease. Biochemistry 18:5294, 1979 

19. Aviv H, Leder P; Purification of biologically active globin 
messenger RNA by chromatography on oligothymidylic acid- 
cellulose. Proc Nat] Acad Sci USA 19:1408, 1972 

20. Lehrach H, Diamond D, Wozney J, Boedtker H: RNA 
molecular weight determinations by gel electrophoresis under dena- 
turing conditions. Biochemistry 16:4743, 1977 


ERYTHROPOIETEN PRODUCTION BY HEPATOBLASTOMA 


21. Melton D, Krieg P, Rebaglieti M, Maniatis T, Zinn K, Creen 
MR: Efficient in vitro synthesis of biologically active RNA and 
RNA hybridization probes from plasmids containing a bacterio- 
phage SP6 promoter. Nucleic Acids Res 12:7035, 1984 

22, DeLeon D, Cox K, Angerer L, Angerer R: Most early-variant 
histone mRNA is contained in the pro-nucleus of sea urchin eggs. 
Dev Biol 100:197, 1983 

23. Gilman PB, Keane P, Martinez J: The role of the carbohy- 
drate moiety in the biological properties of fibrinogen. J Biol Chem 
259:3248, 1984 

24. Sue JM, Sytkowski AJ: Sites specific antibodies to human 
erythropoietin directed towards the NH,-amino terminal region. 
Proc Natl Acad Sci USA 80:3651, 1983 

25. Laemelli VK: Cleavage of structural proteins during 
assembly of the head of the bacteriophage T, Nature 727:680, 
1970 

26. Struck DK, Siuta PB, Lane MD, Lennarz WJ: Effect of 
tunicamycin on the secretion of serum proteins by primary cultures 
of chick hepatocytes. J Biol Chem 253:5332, 1978 

27. Ayusawa D, Isaka K, Seno T, Tomida M, Yamamoto Y, 
Hozumi M, Takatsuki A, Tamura G: Effect of tunicamycin on 
molecular heterogeneity of colony stimulating factor in cultured 


1909 


mouse mammary carcinoma FM3A cells. Biochem Biophys Res 
Commun 90:783, 1979 

28. Fried W: The liver as a source of extrarenal erythropoietin 
production. Blood 40:671, 1972 

29. Caro J. Zon L, Silver R, Miller O, Erslev AJ: Erythropoietin 
in liver tissue extracts and in liver perfusates from hypoxic rats. Am 
J Physiol 224:E431, 1983 

30. Zanjani ED, Porter J, Burlington H, Mann LJ, Wasserman 
LR: Liver as the primary site of erythropoietin formation in the 
fetus. J Lab Clin Med 89:640, 1972 

31. Naughton BA, Kaplan SM, Roy M, Piliero $J, Gordon AS: 
Hepatic regeneration and EPO production in the rat. Science 
196:301, 1977 

32. Fried W, Barone J, Schade SG: Effect of carbontetrachloride 
on extrarenal erythropoietin production. J Lab Clin Med 93:700, 
1979 

33. Brown S, Caro J, Erslev AJ, Murray T: Spontaneous increase 
in EPO and hematocrit value associated with transient liver enzyme 
abnormalities in an anephric patient undergoing dialysis. Am J Med 
68:280, 1980 

34. Struck DK, Lennarz WJ: Evidence for the participation of 
saccharide-lipids in the synthesis of the oligosaccharide chain in 
lipids. J Biol Chem 252:1007, 1977 


Recovery of Contact Hypersensitivity Responses Following Murine 
Bone Marrow Transplantation: Comparison of Gamma-lIrradiation 
and Busulfan as Preparative Marrow-Ablative Agents 


By Wolfram E. Samlowski and Carol L. Crump 


Bone marrow transplantation (BMT) is often followed by 
significant morbidity and mortality due to protracted 
immunodeficiency. We have hypothesized that the bone 
marrow-ablative regimen may delay the recovery of normal 
immune function following transplantation by impairing the 
interaction of host endothelial celis with circulating graft- 
derived lymphocytes. This report compares the relative 
effects of busulfan (an alkylating drug) and gamma-irradia- 
tion on the tissue-specific localization potential of lympho- 
cytes and the eventual recovery of immune function within 
syngeneic murine transplant recipients. Localization of 
normal lymphocytes into peripheral lymph nodes of irra- 
diated BMT recipients was markedly less {(<50%) than in 
busulfan-treated or normal mice over the first 2 months 
post-BMT. This finding correlated with irradiation-induced 


ONE MARROW transplantation (BMT) has gained 
widespread acceptance in the treatment of a wide range 
of clinical conditions, including congenital immunodeficien- 
cy, aplastic anemia, and leukemia.’” While representing a 
major advance in the treatment of these diseases, the proce- 
dure is also associated with significant morbidity associated 
with severe protracted alterations in immunologic func- 
tion." Depressions of both humoral and cellular immune 
functions occur during the first 100 days after transplanta- 
tion. This pan-immunodeficiency is thought to represent a 
consequence of the aggressive chemotherapy or radiotherapy 
protocols used io ablate the recipient’s immunchematologic 
system, before donor marrow infusion.’ 

The eventual hematologic and immunologic recovery post- 
BMT is closely linked to the engraftment, proliferation, 
maturation and differentiation of donor-derived stem cells.* 
Some recovery of peripheral blood lymphocyte subsets can 
usually be demonstrated within 3 to 6 months of BMT.°? 
Despite the relatively early reappearance of phenotypic T 
and B cells, functional immunologic recovery may take over 
2 years. During this period, serum antibody produc- 
tion, cytotoxic T cell function, mitogen responsiveness, as 
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endothelial cell edema and microvascular occlusions within 
lymphocyte-receptive areas of the nodal microvasculature. 
The effect of both preparative regimens on the recovery of 
contact hypersensitivity (CHS) was also analyzed. This 
response recovered more quickly (between 1 and 2 
months) in busulfan-pretreated animals. Further experi- 
ments demonstrated that the decrease in CHS responsive- 
ness appeared, in part, related to a depression in the 
capacity cf lymphocytes to localize into skin sites of 
antigen deposition within irradiated mice. The impairment 
of tissue-specific lymphocyte localization may represent a 
novel mechanism by which whole body irradiation can 
contribute to delayed immunoiogic reconstitution following 
bone marrow transplantation. 

® 1987 by Grune & Stratton, Inc. 


well as other lymphocyte functions appear to recever. Some 
complex immunologic responses, such as antigen-specific 
helper T ceil function, IgA secretion, and contact hypersensi- 
tivity responses, appear to be even more delayed in their 
recovery. ™? In one study, helper T cell function was found to 
be depressed as late as 4 to 6 years post-BMT." 

The degree of histocompatibility between the bone mar- 
row donor and recipient does not appear to significantly 
influence the rate at which immunologic recovery occurs 
following BMT. Immunologic reconstitution occurs at a 
similar pace following human twin, allogeneic and autolo- 
gous transplants.'*!” The development of graft-v-host dis- 
ease, however, significantly worsens the severity and dura- 
tion of the various cellular and humoral immune deficits 
observed posttransplantation. 7 

It is possible that current BMT protocols have detrimental 
effects on the recovery of the immune system posttransplan- 
tation by producing unintended effects on host tissues. We 
have hypothesized that some of the post-BMT immunologic 
deficits are produced by toxicity of the bone marrow-ablative 
regimen on the endothelial cells of the recipient. Alterations 
in the capacity of endothelial cells to bind grait-derived 
lymphocytes may account for decreased tissue localization 
potential of immune effector cells and thereby result in 
depressed immunologic function. 

Under normal circumstances, mature lymphocytes contin- 
ually migrate throughout the body, passing from the blood- 
stream through the various lymphoic organs and eventually 
returning to the bloodstream. The ability of lymphocytes to 
migrate through tissues is termed recirculation. *? Virtually 
the entire lymphocyte content of peripheral lymph nodes 
enters the nodal parenchyma from the bloodstream via this 
process.” Tissue-specific extravasation appears to require 
the selective interaction of lymphocyte surface receptors with 
lymph node microvascular endothelial cells.7' The adhesion 
process appears to take place in histologically distinct cuboi- 
dal endotheium-lined post-capillary venules, known as high 
endothelial venules (HEV).7-* Analogous tissue-specific 
extravasation-mediating structures are also associated with 
the endothelium of other lymphoid organs, such as the 
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Peyer’s patches,”* mesenteric lymph nodes,” peribronchial 
lymphatic tissue,” and synovium.” 

Continual lymphocyte recirculation through peripheral 
lymph nodes is believed to enhance the probability that a T 
cell, which is committed during differentiation to a single 
antigen epitope, can encounter its specific antigen.””’ The 
antigen recognition process is aided by the simultaneous 
concentration of antigen-presenting cells (APCs) within 
peripheral lymph nodes via the afferent lymphatic drain- 
age.” The peripheral lymph nodes also contain all of the 
humoral and cellular regulatory elements needed to amplify 
or depress immune responsiveness. The peripheral lymph 
nodes, therefore, serve as structures that facilitate the anti- 
gen recognition process and enhance immune surveillance of 
host tissues. 

Our previous studies established that marrow-ablative 
doses of gamma-irradiation (>7.5 Gy) caused distinctive 
ultrastructural changes in murine and human lymph node 
HEV.” These alterations in murine HEV were associated 
with a depressed capacity of lymphocytes to localize into 
irradiated lymph nodes from the bloodstream.” Due to the 
importance of peripheral lymph nodes in the initiation and 
regulation of immune responses, we hypothesized that this 
depressed localization capacity should be associated with 
demonstrable changes in immune function. 

In this report we compare the effects of two commonly 
used bone marrow-ablative agents,’ busulfan (an alkylating 
drug) and gamma-irradiation, on HEV histology and lym- 
phocyte tissue localization potential. Since the two prepara- 
tive regimens differed significantly in their endothelial toxic- 
ity, it proved possible to assess their respective effects on the 
timecourse of immunologic reconstitution following BMT. 


MATERIALS AND METHODS 


Animals. Six- to ten-week-old C3H/HeN mice were obtained 
from the animal production facility of the National Cancer Institute 
(Bethesda. MD). All mice were housed at a maximum density of six 
animals per 18 x 28 cm cage and maintained on Wayne sterilizable 
Lab Blox (Wayne Pet Food, Chicago) and acidified water ad 
libitum. Mice were age and sex matched for each experiment. Before 
exposure to either preparative regimen, the experimental animals 
were pretreated for two days with 0.5 mg of gentamycin sulfate 
administered intraperitoneally (IP). Throughout the course of the 
experiment, recipient mice also received oral nonabsorbable antibi- 
otics (35 mg of neomycin and 2,500 units of polymyxin B per 200 mL 
of drinking water). This treatment was used to reduce mortality due 
to infection during the experiment. 

Preparation of lymphocytes. Peripheral lymph nodes (PLN) 
(inguinal, axillary, brachial, and cervical) were excised from donor 
mice and gently dissociated in RPMI 1640 medium (GIBCO, Grand 
Island, NY) with 5% fetal bovine serum (Sterile Systems, Logan, 
UT) (complete medium). The cell suspension was layered onto a 
glass-wool column to remove adherent as well as nonviable cells. Cell 
suspensions were always =99% viable by trypan blue exclusion. 

Gamma-irradiation of mice. Recipient mice were lethally irra- 
diated with 7.5 Gy (1 Gy = 100 rad) per whole body at 4.8 Gy/min 
using a Gammator (Isomedix, Parsippany, NJ) containing a cesium 
source. Animals were reconstituted with ~10’ syngeneic nucleated 
bone marrow cells immediately following irradiation. The irradiated 
mice were then placed into sterile cages, in a laminar airflow 
environment and given sterile food and antibiotic-containing water 
ad lib.” 
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Busulfan treatment of mice. Busulfan (Burroughs Wellcome, 
Research Triangle, NC), 6.25 mg, was dissolved in 200 uL dimethyl- 
sulfoxide and 800 uL warm (37°C) phosphate-buffered saline (PBS, 
pH 7.4). Antibiotic pretreated mice were given daily doses of 25 mg 
busulfan/kg body weight IP for six sequential days. This dose has 
been established as the hematologic LD, for mice (reference 30 and 
unpublished observations). Animals were reconstituted with 10 
nucleated marrow cells 24 hours following the last dose of busulfan, 
a point at which all active drug has been cleared from the circula- 
tion.’ Animals were then maintained in the same fashion as 
irradiated BMT-recipients. 

Radiolabeling of lymphocytes with [Cr] for localization stud- 
ies. Lymphocytes were radiolabeled with [°'Cr] (as sodium chro- 
mate, specific activity 250-500 mCi/mg Cr; Amersham, Arlington 
Heights, IL). Lymphocyte suspensions (10° viable cells/mL.) were 
incubated with 100 Ci (°'Cr] for half an hour at 37°C. Radiola- 
beled cells were washed three times in complete medium, adjusted to 
10’ lymphocytes per milliliter in RPMI and 0.2 mL was injected 
intravenously (IV) into normal, busulfan-treated, or gamma- 
irradiated recipient mice. The administration of gamma-irradiation 
or busulfan was timed in such a manner that the comparative 
localization studies involving the infusion of [*'Cr]-labeled lympho- 
cytes into the various experimental groups could all be performed 
from a single preparation of radiolabeled cells. 

Radiolabeling of lymphocytes with [71] for localization stud- 
ies. Cells synthesizing DNA following antigen sensitization were 
labeled with [I] (as iododeoxyuridine ['IUDR], Amersham, sp 
act 5 Ci/mg). Lymphocytes were isolated from antigen-sensitized 
donor mice, and a single cell suspension prepared (5 x 10° cells/ 
mL). A total of 2 aCi of ('*TUDR] was incubated per milliliter of 
the cell suspension for two hours (37°C) with periodic gentle 
agitation. This was followed by extensive washing and resuspension 
of the cells to 10°/mL. Each recipient was infused IV with 4 x 10 
['TUDR] labeled cells. 

Isotope quantitation and data presentation. Animals were 
killed four hours after infusion of labeled cells. The mice were 
autopsied, and individual organs were removed and placed into 
separate vials for counting in a Beckman Gamma 8000 gamma 
counter (Beckman Instruments, Irvine, CA), as was the remaining 
carcass. Data are presented as the percentage of radioactivity 
recovered per individual organ, as compared with the total radioac- 
tivity recovered from the experimental animal. Background values 
were subtracted from each one-minute count. This method of data 
calculation precludes errors introduced by inoculation variation 
between animals, as organ distribution is independent of the number 
of radiolabeled cells injected over a wide dose response range.” 
Localization experiments were run using two to three animal groups 
because of high concordance between animals. Each experiment was 
repeated at least twice. 

Assessment of relative marrow ablative potential of irradiation 
and busulfan regimens. Relative bone marrow stem cell ablation 
produced by gamma-irradiation (a single dose of 7.5 Gy} or busulfan 
(25 mg/kg/d for six days, IP) was quantified by an in vitro 
granulocyte-macrophage colony assay (CFU-GM). One femur from 
each mouse within three animal groups (which had previously been 
exposed to one of the preparative regimens) was isolated, and the 
marrow irrigated out with a syringe. Each femur contains ~4.5% of 
the total mouse bone marrow compartment.” Following gentle 
dissociation of each animal’s marrow into a single cell suspension, 
erythrocytes were lysed with Tris-buffered 0.16 mol/L ammonium 
chloride. The remaining nucleated cells were counted by phase 
microscopy. The CFU-GM were assessed by plating the entire 
nucleated bone marrow cell population from each femur into 2 mL of 
0.8% methylcellulose (Dow Chemical Co, Midland, MD, in the 
presence of murine post-endotoxin serum (a source of GM-colony 
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stimulating factor [GM-CSF]) at a predetermined optimal concen- 
tration.” After 12 days colonies of >40 cells were counted. Normal 
murine bone marrow cells (10° cells per 60 mm plate), cultured in 
the presence of GM-CSF served to establish the maximum colony 
formation potential. Bone marrow cells plated in the absence of 
GM-CSF served as a negative control. 

Immunoperoxidase staining of frozen sections. Frozen sections 
were incubated for 30 minutes with MECA-325 (generously sup- 
plied by E. Butcher, Stanford, CA). MECA-325 is a monoclonal 
rat~anti-mouse endothelial cell antibody (IgGl), which was pro- 
duced by fusing spleen cells from rats that had been immunized with 
mouse (Balb/c) lymph node stroma with SP 2/0 mouse myeloma 
cells. This monoclonal antibody binds specifically to murine HEV, 
and not other lymph node structures.”* No cross reaction occurs with 
capillaries, arteries, and arterioles that do not have the cuboidal 
endothelial features associated with specific lymphocyte binding.” 
To identify MECA-325 binding, a biotinylated rabbit-anti-rat 
antiserum (Cappel) was used as a second stage reagent. This reagent 
did not bind to mouse lymph node sections in parallel control slides. 
Immunoperoxidase staining was then performed using a modified 
avidin-biotin-peroxidase complex technique.” 

Sensitization and elicitation of contact hypersensitivity 
(CHS). Experimental and control mice were sensitized on the 
shaved abdomen with 25 uL of 0.25% 2,4-dinitro-1-fluorobenzene 
(DNFB; Sigma, St Louis) in a vehicle of acetone/olive oil (4:1) on 
two consecutive days. Four days after the first sensitization, a 
challenge dose of 10 uL 0.25% DNFB was applied to the right hind 
footpad.?’ Footpad swelling was measured (using a micrometer) 24 
and 48 hours after challenge. The increment in footpad swelling of a 
constant area of the challenged v the contralateral unchallenged 
footpad was expressed in units of 1077 inches. The increment in 
swelling (2 to 3 measurements/animal) for each mouse was then 
averaged with the remainder of the 4-5 animal group, and the results 
reported as the mean + SEM. 

Adoptive transfer of CHS. Normal mice were sensitized with 25 
uL of 0.25% DNEFB on the shaved abdomen and 10 uL DNFB on 
each footpad and ear on two consecutive days (donors). Four days 
after the initial sensitization, popliteal, inguinal, axillary, brachial, 
and cervical nodes were excised and gently dissociated in complete 
medium. The resulting single cell suspensions were injected IV into 
previously transplanted mice (either irradiated or busulfan- 
pretreated) at 4 x 10’ cells/recipient. The recipients of the cell 
infusion were challenged with 10 uL 0.25% DNFB on the right hind 
footpad immediately following cell transfer. The increment in foot- 
pad swelling was determined 24 and 48 hours later. Age-matched 
normal syngeneic mice that received an adoptive transfer of sensi- 
tized lymphocytes served as a positive control. 

in some experiments, the antigen-sensitized lymphocytes were 
radiolabeled with ['*IUDR] before their adoptive transfer. In these 
experiments, the animals were challenged on one ear (instead of the 
footpad), and the increment in ear swelling (x 10° inches) was 
measured only at 24 hours. Each animal was then killed and its 
organs (including each ear separately) assayed to determine the 
distribution of the infused radiolabeled cells (as described above). 

Direct injection of hapten-modified lymphoid cells and effector 
lymphocytes into the skin. Syngeneic spleen cells were treated 
with buffered ammonium chloride to lyse erythrocytes (as described 
above), Splenocytes were trinitrophenylated by incubation of sus- 
pensions of 10’ cells/mL in PBS containing 2.5 mmol/L 2,4,6- 
trinitrobenzene sulfonic acid (TNBSO,) for ten minutes at 25°C. 
After hapten modification, the cells were extensively washed in 
medium and resuspended at 10° cells/mL to use as targets for 
antigen-primed effector cells. The effector cells were generated by 
sensitizing mice on the belly, footpad, and ears (as described above) 
with a single application of 7% 2-chloro-,],3,5-trinitrobenzene 


SAMLOWSK] AND CRUMP 


(TNCB). These mice subsequently served as donors for sensitized 
lymphocytes four days later. The antigen-sensitized lymphocytes 
were also suspended at 10° cells/mL, and mixed 1:1 with hapten- 
modified target cells. Groups of irradiated BMT recipients or 
normal control mice were injected with 10 al of the combined cell 
suspension in the right ear. The increment in ear swelling (compared 
with the contralateral ear) was determined 48 hours later to mini- 
mize any residual swelling due to injection trauma (x 10°* inches). 
Mice that received an equivalent volume of sensitized effector 
lymphocytes without hapten-modified splenocytes served as a nega- 
tive control. 


RESULTS 


The initial experiment was designed to compare the rela- 
tive effects of irradiation or busulfan exposure on tissue 
localization of normal lymphocytes within BMT recipients. 
These experiments were performed by infusing 2 x 10° 
normal {*'Cr]-labeled peripheral lymph node lymphocytes 
IV into previously transplanted mice (0.2 mL/recipient). 
Four hours following the infusion of radiolabeled lympho- 
cytes, the animals were killed and autopsied. Each organ 
(peripheral lymph nodes, spleen, mesenteric nodes, gut, liver, 
kidneys, lungs and the residual carcass) was counted sepa- 
rately in a gamma counter to determine the primary localiza- 
tion of the cells. The results (Fig 1) are expressed as a 
percentage of the injected cells that localized within the 
peripheral lymph nodes (+SEM), compared with the total 
recovery from each animal. As early as | week post-BMT, a 
time when the function of both the hematopoietic and 
immunologic systems of the BMT recipient remain ablated 
by the preparative regimen, lymphocyte localization into the 
lymph nodes of previously irradiated mice was <50% of 
controls. No evidence of lymphocyte sequestration in any 
other organ could be demonstrated as a cause for the 
depression in cells reaching the peripheral lymph nodes (data 
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Fig 1. Localization of normal lymphocytes into the peripheral 
lymph nodes of BMT recipients. Mice were transplanted, using 
busulfan (25 mg/kg/d x 6 days} or irradiation (7.5 Gy} as the 
marrow-ablative regimen. Animals received 2 x 10° ["'Cr}-labeled 
normal peripheral lymph node lymphocytes as an IV infusion either 
7, 30, or 60 days after BMT. Four hours after infusion of cells, the 
recipients were killed and autopsied. Radioactivity recovered from 
the pooled peripheral lymph nodes (inguinal, brachial, axillary, and 
cervical) is expressed as a percentage of the total radioactivity 
retained within each animal. The results are expressed as the 
average of three animal groups (+ SEM). , Control; &, irradiated: 
(J, busulfan. 
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not shown). The decrease in lymphocyte localization into 
peripheral lymph nodes in irradiated mice persisted through 
the 1- and 2-month timepoints. These times were chosen for 
experimental evaluation because significant graft-derived 
hematologic recovery occurs by | month post-BMT. By 2 
months following syngeneic murine transplantation, pheno- 
typic recovery of graft-derived lymphocytes in the blood and 
lymphoid tissues may be observed.” Busulfan-treated mice 
did not exhibit significant depression in the capacity of 
lymphocytes to localize into nodes at any time tested. This 
Suggests that busulfan, unlike gamma-irradiation, does not 
adversely affect the lymphocyte-receptive endothelium 
within peripheral lymph nodes. 

These results could also be explained if the marrow- 
ablative dose of busulfan was less potent than that of 
gamma-irradiation. If this were true, less lymph node micro- 
vascular damage might also be expected. We performed an 
experiment to directly assess the degree of bone marrow stem 
cell ablation produced by both of the experimental regimens. 
Groups of three mice were pretreated with either busulfan or 
irradiation. Hematologic reconstitution by BMT was not 
performed. Twenty four hours after the last exposure to 
either preparative agent, the marrow content of one femur 
per animal (~4.5% of its total bone marrow)? was assessed 
for its ability to form CFU-GM. Care was taken to assess 
CFU-GM in busulfan-pretreated mice at a time when al! 
drug and its active metabolites were believed to have been 
Cleared from the circulation.” To establish the normal 
CFU-GM content per femur, a group of normal age- and 
sex-matched control mice served as a control. The results of 
this experiment (Table 1) established that busulfan-pretreat- 
ment decreased the number of CFU-GM by a factor of 
>10*/femur, compared with 10° for 7.5 Gy-irradiated ani- 
mals. The apparent differences in lymphocyte recirculation 


Table 1. Cytoreductive Potential of the irradiation 
and Busulfan Treatment Protocols 











Stem Cells Reduction 
Nucleated Celis CFU-GM Recovered by Preparative 
Group Recovered per Fernur per Fernur Regimen (%) 
None 5.6 x 10’ 11,200 Q 
Irradiation 5.0 x 10° 7.8 99.03 
Busulfan 3.4 x 10° 0.8 99.003 
Ree i ee a arco NE NIT Te Oe re A eT a a a a 


The decrement in bone marrow stem cells within animais exposed to 
either busulfan (25 mg/kg/d x 6 days IP) or irradiation (7.5 Gy) was 
quantified with the CFU-GM assay. Three animal groups were treated 
with each of the preparative regimens. Twenty-four hours following 
completion of the marrow-ablative regimen, a single cell suspension was 
prepared from the bone marrow contained within one femur from each 
animal. Erythrocytes were lysed with buffered ammonium chloride and 
the number of nucleated ceils counted. The entire nucleated cell content 
of each femur (~4.5% of the total marrow mass of a mouse)™ was then 
plated into 0.8% methy! cellulose in RPMI 1640 medium, 20% fetal 
bovine serum, and a predetermined optimal concentration of murine 
Post-endotoxin serum (a source of GM-CSF). After 12 days, the resulting 
CFU-GM colonies (>40 cells) were counted. The CFU-GM content of 
normal femurs was established by plating 10° nucleated bone marrow 
cells, derived from age-matched controls, into culture as described above. 
The CFU-GM content of a normal femur was then calculated based on: 
(the total number of nucleated cells per femur [x 10° cells] x (CFU- 
GM/ 10° cells plated into culture). 
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potential produced by the two regimens cannot, therefore, be 
accounted for by less intensive marrow ablation within the 
busulfan-treated group. These two regimens likely differ in 
their effects on the lymph node HEV structures, 

The microanatomy of the peripheral lymph node HEV was 
directly examined by immunochemical techniques. Frozen 
sections of mouse peripheral lymph nodes were prepared 
from animals 2 months postexposure to either busulfan or 
irradiation. These sections were stained with the monoclonal 
antibody, MECA-325, using an immunoperoxidase tech- 
nique.” This monoclonal antibody specifically identifies lym- 
phocyte-receptive areas of endothelium within peripheral 
lymph nodes (high endothelial venules). The immuno- 
peroxidase-stained sections of gamma-irradiated lymph 
nodes (Fig 2A) demonstrated a marked disorganization of 
the HEV histology, with apparent edema and proliferation of 
the endothelial cells, producing microvascular occlusions. 
Lymph nodes from busulfan-pretreated animals (Fig 2B) 
were found to have a normal appearing HEV architecture, 
with cuboidal endothelium and patent vascular lumens. A 
MECA-325-stained section of a lymph node from a norma! 
animal is presented for comparison (Fig 2C). Electron 
microscopy (EM) was also performed at the 2-month time- 
point. The EM studies confirmed our previous findings of 
severe intracellular edema within endothelial! ceils of previ- 
ously irradiated HEV.” Lymph node endothelial cells from 
busulfan-pretreated mice, on the other hand, were ultra- 
structurally normal (data not shown). 

Since the capacity of lymphocytes to enter peripheral 
lymph nodes appears to be impaired by prior irradiation, it 
follows that immunologic hyporesponsiveness might occur as 
a consequence. Contact hypersensitivity (CHS) was the 
initial response evaluated, because CHS is known to be 
depressed for years following BMT in humans.** CHS may 
be particularly susceptible to preparative-regimen—induced 
endothelial damage, because lymphocyte recirculation is 
thought to play an important role in this response. The 
sensitization and amplification phases of this response take 
place, in part, following localization of circulating lympho- 
cytes into the region lymph nodes that drain the antigen- 
exposed skin.” Antigen-sensitized CHS-effector T cells 
that are subsequently generated in the peripheral lymph 
nodes are thought to exit the node via efferent lymphatics 
and migrate via the thoracic duct into the bloodstream. 
These sensitized lymphocytes exhibit the capacity to extra- 
vasate from the bloodstream specifically into sites of subse- 
quent antigen exposure in the skin? 

The effects of the BMT-preparative regimen on the induc- 
tion of CHS-responsiveness were assessed by testing groups 
of mice transplanted using either busulfan or irradiation 1 
and 2 months previously. Mice were sensitized with DNFB 
on their shaved abdominal skin. Four days after the initia! 
sensitization, the challenge dose of DNFB was applied to the 
right hind-footpad. The degree of swelling was measured 
with a micrometer 24 hours later, and compared with the 
contralateral normal footpad. A group of sensitized and 
challenged age-matched normal mice served to establish the 
normal range of CHS-responsiveness for each experimental 
timepoint. A nonsensitized group that was exposed only to 
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Fig 2. Immunoperoxidase staining of periph- 
eral lymph node HEV with the monoclonal antibody 
MECA-325. Mice were exposed to either irradia- 
tion (A) or busulfan (B) marrow ablation, followed 
by syngeneic hematopoietic reconstitution. Frozen 
sections (6 um) were prepared from their lymph 
nodes, obtained 2 months after BMT, and stained 
with MECA-325 by immunoperoxidase technique 
as described in the Materials and Methods section. 
The irradiated lymph nodes exhibit apparent endo- 
thelial cell proliferation, edema, and occlusion of 
vascular lumens, unlike busulfan exposed nodes. 
For comparison, a normal peripheral lymph node is 
also shown (C). 
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the challenge dose of DNFB served as a negative control. 
This experiment (Fig 3) demonstrated that the de novo 
induction of CHS-responsiveness was markedly diminished 
in both the irradiated and busulfan-treated groups at 1 
month posttransplantation. By 2 months, however, the busul- 
fan group had recovered a normal degree of CHS-responsive- 
ness. The 2-month irradiated group, on the other hand, still 
exhibited a markedly depressed response. 

These results indicate that this antigen-specific immuno- 
logic response is depressed longer in previously irradiated 
mice than in busulfan-pretreated BMT recipients. The elici- 
tation of CHS responses, however, requires a complex system 
that involves multistep antigen sensitization, amplification, 
and effector phases. Any experimental result must therefore 
be intrepreted with caution, since irradiation could be acting 
at one or muitiple steps in the response. Additional experi- 
ments were performed, analyzing two specific components of 
the CHS response, to better define some of the potential 
mechanisms resulting in the observed depression of CHS 
responsiveness. 

The effector phase of the CHS response (ie, the ability of 
sensitized effector lymphocytes to localize into the skin from 
the bloodstream and produce edema) can be tested by means 
of an adoptive transfer experiment, Such an experiment was 
performed by allowing antigen sensitization to proceed in 
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FOOTPAD SWELLING 
(UNITS) 


Fig3. The induction of CHS in BMT recipients. Groups of mice 
(4 to 5 animals / group) were transplanted with busulfan or gamma- 
irradiation 1 or 2 months before the onset of the experiment. 
These animals were sensitized to 0.5% DNFB on two consecutive 
days, as described in the Materials and Methods section. Four days 
later, the animals were challenged on the right hind footpad with 
10uL 0.5% DNFB. The increment in swelling of the right hind- 
footpad (compared with the contralateral unchallenged footpad) 
was measured by micrometer 24 hours later, and is recorded as 
units (10°° inches) +SEM. Normal mice that were sensitized and 
challenged or nonsensitized animals that received only the chal- 
lenge dose of ONFB served as positive and negative controls, 
respectively. 
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normal animals. A single-cell suspension of lymphocytes was 
prepared from the lymph nodes of these donor mice, and 4 x 
10’ cells/mouse were infused IV into groups of experimental 
animals. This experiment was performed in groups of mice 
transplanted | and 2 months previously, using either the 
busulfan or irradiation protocol. Mice were challenged with 
antigen on one footpad immediately following the adoptive 
transfer of cells. The increment in foodpad swelling was 
determined 24 hours later (Fig 4). Parallel groups of normal 
age-matched control mice were used at each time point to 
establish the maximum expected degree of swelling elicited 
by such an adoptive transfer of effector cells. The results of 
this experiment (Fig 4) demonstrate a marked reduction in 
the capacity of normal DNFB-sensitized effector lympho- 
cytes to elicit swelling in footpad challenge sites in previously 
irradiated mice (28% and 34% of control at | and 2 months 
post-BMT, respectively). This experiment suggests that prior 
radiotherapy interferes with either the ability of effector T 
cells to localize into the skin of irradiated BMT recipients or 
the subsequent ability of these cells to elicit swelling within 
cutaneous tissues. The response was somewhat depressed at | 
month following busulfan exposure. By 2 months, however, 
the ability to adoptively transfer CHS responsiveness inte 
busulfan-treated recipients was not different from normal. 
Measurement of footpad swelling at 48 hours (to exclude the 
possibility that irradiated animals exhibited a delayed, but 
otherwise normal, CHS response) demonstrated a similar 
pattern to the 24-hour measurements, but were uniformly 
reduced in magnitude within each group of mice. 

The possibility that previous irradiation of the skin is 
responsible for the failure to produce edema was then 
addressed. Four days after sensitization of normal donor 
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Fig 4. The adoptive transfer of CHS to previously trans- 
pianted mice. Normal mice were sensitized to DNFB and served as 
donors for the adoptive transfer of antigen-sensitized peripheral 
lymph node lymphocytes. A single cell suspension of peripheral 
lymph node lymphocytes from these mice (4 x 10’ cells per 
recipient) was injected IV into groups of previously transplanted 
mice (1 or 2 months post-BMT). These recipients were immedi- 
ately challenged on the right hind-footpad with 10 ui. 0.5% DNFB. 
Twenty-four hours following challenge, the increment in foctpad 
swelling was measured {107 inches + SEM). 
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mice with trinitrochlorobenzene (TNCB), donor animals 
were killed and their lymph nodes excised. A single cell 
Suspension was prepared from the sensitized lymphocytes 
contained within these nodes. An equal number of these cells 
and antigen-haptenized spleen cell targets were mixed in a 
small volume of media, and 10 øL injected into the right ear 
pinnae of mice that had been irradiated 2 or 8 months 
previously. The increment in ear swelling was measured with 
a micrometer 48 hours after injection, to minimize any 
degree of edema attributable to injection trauma. A parallel 
group of normal mice injected with sensitized effector lym- 
phocytes and antigen served as a positive control. Animals 
that received only the same number of antigen-primed 
lymphocytes without antigen (in equivalent volume of 
medium) served as a negative control. The results of this 
experiment (Fig 5) demonstrated that the degree of ear 
swelling that could be elicited in both the irradiated and 
unirradiated groups was similar. The response was also 
shown to be antigen dependent, since animals that received 
only sensitized lymphocytes, but no antigen, did not develop 
ear swelling. The conclusion of these experiments is that 
irradiated skin is capable of responding to a local CHS 
stimulus with the same degree of edema as normal skin. 
These experiments suggested that irradiation-induced 
depressions in CHS responsiveness were, in part, due to a 
decrease in the ability of effector lymphocytes to localize into 
the skin from the bloodstream. This possibility was experi- 
mentally tested by preparing a single cell suspension of 
DNFB-sensitized lymphocytes derived from normal mice. 
Proliferating cells within this suspension (presumably 
undergoing clonal expansion in response to antigen exposure) 
were labeled with '*IUDR for two hours. Cells from this 
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Fig 5. The assessment of CHS responses produced by coin- 
jecting antigen and effector cells directly into the skin. TNBSO,- 
haptenized normal spleen cells were produced by techniques 
described in the Materials and Methods section to serve as target 
celis. Normal mice were sensitized to 7% TNCB to provide an 
effector cell population. The peripheral lymph nodes of these mice 
were isolated and used to prepare a single cell suspension of 
effector lymphocytes. Both effector and target cells were sus- 
pended at 10° cells/mL, and mixed in a 1:1 ratio. A small volume 
(10 pL) of this combined cell suspension was injected into the right 
ear pinnae of irradiated recipients. The increment in right ear 
swelling (x 10°“ inches) was measured at 48 hours to minimize any 
edema due to injection trauma. Similar injections into the ears of 
normal mice served to establish potential maximal edema genera- 
tion by CHS effector celis in the presence of antigen. A group of 
mice that received an equivalent volume of media containing 
effector lymphocytes, but no antigen, served as a negative con- 
trol. 
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suspension (4 x 10’ cells/recipient) were then infused IV 
into previously transplanted mice. These animals were 
immediately challenged with DNFB on the right ear. As in 
preceding adoptive transfer experiments, the increment in 
swelling was measured at 24 hours. The mice were subse- 
quently killed and autopsied. Each ear (as well as other 
organs and carcass) were counted separately in a gamma 
counter to determine the percentage of the recovered radiola- 
bel within the antigen-challenged ear site compared with the 
non-challenged ear. The results of this experiment (Table 2) 
confirmed the previously noted depression in the capacity to 
adoptively transfer CHS to previously irradiated recipients. 
The depression in edema generation was paralleled by a 
depression in the influx of radiolabeled lymphocytes into this 
site. Busulfan treated mice exhibited a depression in lympho- 
cyte localization into the ear challenge site (and depressed 
CHS responsiveness) | month post-BMT. By 2 months, 
however, the ability of adoptively transferred effector lym- 
phocytes to elicit edema and enter sites of antigen challenge 
was significantly better than their irradiated counterparts, 
and approached the response within normal age-matched 
(control) recipients. 


DISCUSSION 
The optimal preparative regimen for use in human BMT is 


a controversial issue, centered mainly around the marrow- 


Table 2. Localization of Adoptively Transferred CHS Effector 
Lymphocytes Into Cutaneous Sites of Antigen Deposition 
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Ear Ear Localization Ear Swelling 
Time Post-BMT Challenge of Lymphocytes (%) (U) 
Normal 
1 mo -$ 3.2 +02 18.5 + 5.1 
- 0.1 + 0.03 
2 mo + 3.1 2 0.6 15.0 + 3.6 
- 0.3 + 0.2 
irradiated 
1 mo + 1.9 + 0.4 0.3 + 0.2 
- 0.3 + 0.1 
2mo + 12+ 0.3 2.3 + 1.1 
0.1 + 0.02 
Busulfan 
1 mo + 1.6+ 0.5 5.7 + 3.2 
= 0.02 + 0.02 
2 mo -4 2.2 + 0.5 11.5 + 0.8 
= 0.5 + 0.3 





Normal donor mice were sensitized on two sequential days with DNFB 
as described in the Materials and Methods section. A single cell 
suspension was prepared from the peripheral lymph node lymphocytes of 
these animals. The sensitized effector lymphocytes were labeled for two 
hours with 2 uCi [UDR] per 5 x 107 cells, followed by extensive 
washes. Groups of experimental mice that had been transplanted 1 or 2 
months previously using either the busulfan or irradiation protocols were 
infused with 4 x 10” of these cells per recipient. Each recipient was then 
immediately challenged with 10 u! DNFB applied to the right ear. After 
24 hours, the increment in ear swelling, comparing the challenged v the 
unchallenged ear, was established with a micrometer. This measurement 


and autopsied, and their organs (including each ear, individually) and 
carcass counted in a gamma counter to determine the relative distribution 
of cells. The percentage of sensitized lymphocytes localizing to the 
challenged and nanchallenged ear is shown. 
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ablative capacity” and acute toxicity of busulfan or irradia- 
tion-based regimens.'* The long-term sequellae of either 
preparative regimen are not yet fully known.“ We raised the 
possibility that irradiation-based protocols might cause long- 
term effects of the microvasculature of irradiated/trans- 
planted mice when we noted protracted atrophy of the 
peripheral lymph nodes in these animals.” Since 95% of the 
lymphocyte content of peripheral nodes enters this tissue 
from the bloodstream, our observation implied that the 
anatomy or function of the lymphocyte-receptive endothe- 
lium of the lymph nodes (HEV) was, in some way, affected 
by the preparative regimen. 

Acute exposure of microvascular endothelial cells to low 
doses of radiation (4.5 to 7.5 Gy) has been shown to produce 
increased vascular permeability, vasodilation, and intimal 
swelling, particularly within the skin.“ These changes are 
believed to be reversible. Radiation-induced vascular fibrosis 
and decreases in capillary density have not generally been 
observed with doses <20 to 40 Gy.“ Our previous studies in 
mice established that exposure of the lymph node microvas- 
culature to relatively low doses of gamma-irradiation (>7.5 
Gy) caused significant anatomic changes. Endothelial cell 
edema and microvascular occlusions were observed within 
areas of lymphocyte-receptive endothelium (HEV), which 
persisted for more than 6 to 8 months post-BMT. These 
histologic findings correlated with a depressed capacity for 
normal lymphocytes to enter irradiated lymph nodes from 
the bloodstream.” Similar changes were found on examina- 
tion of lymph nodes derived from irradiated human BMT 
recipients up to 1 year post-BMT.” The lesions in both 
murine and human BMT-recipients were histologically dis- 
tinct from previously described radiation-induced microvas- 
cular lesions.“ 

The current investigation established that busulfan had 
little effect on lymphocyte recirculation and HEV anatomy 
in mice. While irradiation caused apparent endothelial cell 
proliferation, intracellular edema, and microvascular occlu- 
sions, busulfan did not affect the appearance of HEV struc- 
tures. These anatomic changes correlated with a depression 
in the ability of lymphocytes to localize into the lymph nodes 
of irradiated, but not busulfan-treated mice. 

Since lymph nodes are believed to be important sites for 
antigen recognition and amplification of immune re- 
sponses,””’ we hypothesized that changes in lymphocyte 
localization into these organs following BMT would be 
accompanied by demonstrable depressions in immune func- 
tion. We compared the effects of busulfan and irradiation on 
the reconstitution of CHS responsiveness in transplant recip- 
ients. CHS is believed to be an anatomically restricted 
(compartmentalized) immune response that involves a cir- 
cuit that Streilein has termed the skin-associated lymphoid 
tissue (SALT). Lymphocyte tissue localization is believed 
to be necessary for this response. During the afferent limb 
(ie, antigen sensitization), the continual migration of T cells 
into peripheral nodes contributes to foreign antigen recogni- 
tion and the development and clonal expansion of CHS- 
effector cell populations.” The antigen-sensitized effector 
lymphocytes are also believed to gain the capacity to localize 
selectively from the blood into sites of antigen challenge in 
the skin.*9° 
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Our studies demonstrated that CHS responsiveness recov- 
ered more quickly in busulfan-treated mice than in irra- 
diated animals. The cause of the depression of CHS respon- 
siveness in irradiated animals is difficult to interpret, since 
one step or multiple steps in the antigen sensitization and 
effector phases of the response could be affected by irradia- 
tion. Subsequent experiments established that one of the 
mechanisms that may contribute to a diminished CHS 
response in irradiated animals was the depressed capacity of 
lymphocytes derived from normal donors to localize into 
irradiated skin sites. Since proliferating cells were labeled in 
these studies, our results may reflect an irradiation-induced 
depression in the skin localization of the CHS effector cells. 
It should be remembered, however, that recruited, nonanti- 
gen-sensitized lymphocytes contained in the adoptively 
transferred population may also contribute to the cellular 
influx into the skin. The role of each cell population in the 
generation of the CHS response is as yet not fully character- 
ized. Our preliminary studies appear to indicate that the 
ability of the recruited (nonantigen-sensitized) lymphocyte 
population to enter the skin is also significantly depressed 
following irradiation (unpublished data). Locally injected 
effector cells, on the other hand, appear to have a normal 
capacity to elicit skin edema, and are unaffected by the prior 
irradiation. This appears to exclude the possibility that 
irradiation alters the ability of the skin itself to respond to 
cellular and soluble stimuli required to elicit the CHS 
response. 

The capacity of normal CHS effector cells to migrate into 
the skin of busulfan-treated recipients was also depressed at 
early times post-BMT, perhaps due to a transient effect of 
the drug on lymphocyte receptive endothelium. Two months 
after BMT, the capacity of CHS effector cells to enter the 
skin of busulfan-treated mice had recovered, unlike their 
irradiated counterparts. The two preparative regimens, 
therefore, appear to exhibit differing effects on the interac- 
tion of circulating normal lymphocytes with the skin micro- 
vasculature. Whether this difference is due to alterations in 
lymphocyte binding to endothelial cells or anatomic occlu- 
sions of vessels (as in irradiated peripheral lymph nodes) 
remains to be established. These experiments have, for the 
first time, correlated the lymphocyte tissue localization 
process and the restoration of normal immune function 
post-BMT. 

There have been a number of human BMT studies? 
that have attempted to define the recovery of contact hyper- 
sensitivity following tranplantation. This immune response 
appears to be depressed for years following human BMT.’ 
The majority of these studies were based on limited numbers 
of patients.*** These reports also do not distinguish between 
de novo induction of contact hypersensitivity and cellular 
“memory” responses to recall antigens.~* 

Witherspoon et al recently reported the results of skin 
testing in 332 allogeneic and twin transplants.'? These inves- 
tigators found that skin test responses to recall antigens 
remained depressed for up to 4 years following transplanta- 
tion. The de novo induction of CHS to DNFB was also 
assessed. This response appeared to recover 2 years or more 
after transplantation. No differences could be detected in the 
percentage of responding patients or in the timecourse of 
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CHS recovery between twin and allogeneic transplant recip- 
ients. The presence of acute or chronic graft-v-host disease, 
however, was found to significantly depress the frequency of 
positive skin test responses. Patients prepared with total body 
irradiation alone were hyporesponsive to DNFB sensitization 
for a more protracted period following transplantation than 
were patients treated with cyclophosphamide alone (an alky- 
lating agent).'® Patients pretreated with a combination of the 
two agents (presumably with attenuated doses of both) 
responded more like the cyclophosphamide pretreated 
group. ? The findings of Witherspoon et al appear to support 
our conclusion that alkylating agents may be less detrimental 
to the recovery of CHS responses than total body irradiation, 
but caution must be used in extrapolating between the two 
studies. Human BMT patients represent a more complex 
system than our syngeneic murine transplantation model, 
and Witherspoon's patients were treated with a different set 
of preparative regimens than we used (with potentially 
differing toxicities). Despite these differences, similar mech- 
anisms may contribute to the irradiation-induced depression 
in CHS responsiveness observed within both studies. 

Other mechanisms are also likely to contribute to the 
depressed CHS responses seen in transplant recipients. 
Delayed T cell precursor proliferation and maturation in the 
posttransplant period may depress cellular immune func- 
tion.?*’” Depressions in the function of irradiated thymic 
epithelium may contribute to the delayed reconstitution of 
functional T cell subsets in secondary lymphoid organs.” 
Reconstitution of the T cel! repertoire may not necessarily be 
complete following BMT. Relative imbalances in the number 
and functional capacities of helper and suppressor T cells 
may also develop and result in dominant suppression of 
immune responses. ™!? 

It is attractive to speculate that irradiation-induced 
depression of lymphocyte migration into the peripheral 
lymph nodes also contributes to the depressed recognition of 
antigens applied to the skin (ie, the afferent phase of the 
immune response). It is difficult, however, to establish this 
point experimentally. A number of distinct intracellular, 
intercellular, and cytokine-mediated processes are required 
for effective antigen sensitization and clonal expansion of 
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effector lymphocyte populations. Dissecting the various ele- 
ments of the afferent phase from each other in vivo is net a 
simple task. Experiments designed to estimate the relative 
efficiency of CHS effector cell generation within the periph- 
eral nodes of irradiated v busulfan-treated mice are now in 
progress. If the number of CHS-effector cells within the 
nodes of irradiated animals is depressed, further studies will 
be necessary to establish the responsible mechanism(s). 

We have intentionally used a simplified syngeneic trans- 
plantation protocol to avoid any potential interference with 
immunologic reconstitution by graft-v-host disease. The 
analysis of the marrow-ablative and immunologic conse- 
quences of single agents has allowed the comparison of their 
relative effects on microvascular anatomy, lymphocyte local- 
ization potential, and eventual immune reconstitution. This 
experimental model could easily be adapted for the evalua- 
tion of more complex preparative regimens. Such studies 
appear to be necessary to more accurately duplicate human 
BMT protocols. Most preparative regimens used in human 
BMT involve multiple, potentially interacting agents, to 
achieve host bone marrow ablation. Furthermore, immuno- 
modulatory drugs such as methotrexate, azathioprine, cyclo- 
sporine A, and corticosteroids are often administered to 
allogeneic BMT recipients to decrease the frequency of 
graft-v-host disease. Each of these agents has the potential to 
interfere with lymphocyte localization into tissue. We have 
already demonstrated that corticosteroids act on endothelial 
cells and reversibly impair the ability of normal lymphocytes 
to enter peripheral lymph nodes and the skin following their 
parenteral administration to mice. Corticosteroids addition- 
ally appear to block CHS-effector cell functions following in 
vitro treatment of lymphocytes.” Further investigation of the 
effects of BMT-preparative regimens on the immunologic 
reconstitution of the host may lead to effective marrow- 
ablative regimens that minimize alterations in the lympho- 
cyte recirculation process and allow rapid recovery of the 
immune system following transplantation. 
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Platelet-Activating Factor Both Stimulates and “Primes” Human 
Polymorphonuclear Leukocyte Actin Filament Assembly 


By Meir Shalit, Guissou A. Dabiri, and Frederick S. Southwick 


The phospholipid inflammatory mediator, platelet-activat- 
ing factor (PAF), can stimulate polymorphonuclear leuko- 
cyte (PMN} chemotaxis. Conversion of cytoplasmic actin 
from monomers to filaments is associated with PMN motile 
functions. Using the fluorescent actin filament stain nitro- 
benzodiaxole phallicidin, we have investigated PAF’s 
effects on human PMN actin polymerization. Concentra- 
tions of PAF between 1 x 107" to 1 x 10°% mol/L induced 
actin filament (F-actin) assembly. An optimal concentration 
of PAF (1-5 x 10°° mol/L) induced a significantly tower 
rise in relative F-actin content (1.72 + 0.07 SEM) than an 
optimal concentration (5 x 10°’ mol/L) of the chemotactic 
peptide FMLP (2.21 + 0.06). Unlike FMLP (F-actin content: 
1.25 + 0.04 at five seconds), PAF stimulation was asso- 
ciated with a delay of more than five seconds (1.04 + 0.01 
at five seconds) before an increase in F-actin could be 
detected. F-actin concentration reached maximum levels 
by 30 to 60 seconds. Prolonged stimulation (20 minutes) 


HEN EXPOSED toa chemotactic gradient, polymor- 
phonuclear leukocytes (PMNs) polarize and mi- 
grate. These motile functions require marked changes in the 
shape and consistency of the peripheral cytoplasm. Actin, the 
most abundant contractile protein found in the cytoplasm of 
PMNs, plays a critical role in controlling phagocyte motili- 
ty.' This protein exists as 42,000 dalton monomers, G-actin, 
or can polymerize to form filaments, F-actin.’ Actin filament 
formation could serve to increase the rigidity of the periph- 
eral cytoplasm and mediate the shape changes associated 
with chemotaxis.'* Unstimulated PMNs contain a high 
percentage of G-actin? Stimulation with the synthetic 
chemotactic peptide f-met-leu-phe (FMLP) causes the rapid 
conversion of actin monomers to filaments, + 
In addition to peptide chemotactic agents, such as FMLP, 
lipid inflammatory mediators such as platelet activating 
factor (PAF) may play an important role in activating PMN 
motility. This agent is synthesized and released by stimu- 
lated macrophages, platelets, and neutrophils," In addition 
to being released, a high percentage of PAF synthesized by 
PMNs remains membrane bound.'* PAF has been shown to 
induce PMN chemotaxis as well as degranulation and aggre- 
gation.'*'* This agent has also been shown to induce PMN 
actin polymerization. ® 
We have used nitrobenzoxadiazole (NBD)-phallicidin, a 
fluorescent stain that binds specifically to F-actin”’’ and flow 
cytometry to systematically examine the effects of this lipid 
chemotactic agent on neutrophil actin polymerization. We 
have found that stimulation with PAF, unlike FMLP, is 
associated with a five-second lag period before filament 
assembly begins. Prolonged exposure to this agent is asso- 
ciated with two phases of PMN actin polymerization and 
depolymerization. In addition to directly stimulating actin 
polymerization, PAF also can “prime” human PMNs, mak- 
ing the PMN actin polymerization response more sensitive to 
suboptimal concentrations of FMLP. 
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with PAF was associated with two phases of polymeriza- 
tion and depolymerization. Like FMLP, the initiation of actin 
filament assembly by PAF required receptor occupancy, 
this reaction being totally blocked by the PAF receptor 
inhibitor, SKI 63-441. As evidenced by the lack of inhibition 
by nordihydroguaiaretic acid (5 to 20 umoil/ L}, the produc- 
tion of leukotriene B, was not required for the PAF-induced 
changes in F-actin. Like FMLP, PAF’s ability to stimulate 
PMN actin polymerization was inhibited by pertussis toxin 
(.05 to 2.5 g/mL) but not impaired by the addition of 
EGTA and/or the calcium ionophore A23187. Preincuba- 
tion with 1 x 10`" to 1 x 10% mol/L PAF fer 2 to 66 
minutes enhanced the rise in F-actin content induced by 
low concentrations of FMLP (5 x 10°" to1 x 10 mol/L} 
indicating that this phospholipid was capable of “priming” 
the PMN actin polymerization response. 

e 1987 by Grune & Stratton, inc. 


MATERIALS AND METHODS 


Aprotonin, benzamidine, dimethy! sulfoxide (DMSO), EDTA, 
EGTA, FMLP, gelatin, HEPES, leupeptin, lysophosphatidy! cho- 
line, phenylmethyl-sulfonyl fluoride (PMSF), and triton X-100 were 
purchased from Sigma Chemical Company, St Louis, L-a-phospha- 
tidyicholine, G-acetyl-y-O-alkyl (PAF), DL-a-lvsophasphatidy) 
choline, y-O-hexadecy! (lyso-PAF), A23187 were obtained from 
Cal-Biochem, San Diego. Bovine serum albumin was purchased 
from Reheis Chemical Company, Phoenix; pertussis toxin from List 
Biological Laboratory, Campbell, CA. Nitrobenzoxadiazole-phaila- 
cidin was obtained from Molecular Probes, Junction City, OR. The 
PAF antagonist SRI 63-441 was kindly supplied by C.W. Winslow 
of Sandoz, Hanover, NJ. 

A modified Hank’s buffer (138 mmol/L NaCl, 6 mmol/L KCI 
1.2 mmol/L MgSO, 5 mmol/L NaHCO, 0.64 mmol/L Na, HPO, 
(pH 7.4), 0.66 mmol/L KH,PO,, 5.6 mmol/L glucose, 20 mmol/L 
HEPES) was used in all assays. CaCl, final concentration of | 
mmol/L, was added to cell suspensions ten minutes before cell 
stimulation unless otherwise noted in the text. 

FMLP and A23187 (final concentrations 10 mmol/l.) were 
dissolved in DMSO and kept frozen at ~ 70°C until used. PAP and 
lyso-PAF were dissolved in modified Hank's solution containing 
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0.25% BSA (final concentration 10 mmol/L) and stored at — 70°C. 
Just before addition to cells, the stock solutions were diluted in 
modified Hank’s solution. BSA could not be used in our experiments 
since this protein quenched NBD-phallacidin fluorescence. The PAF 
antagonist SRI 63-441 was dissolved in modified Hank’s solution 
just before use. 

Preparation of neutrophils. Six milliliters of venous blood were 
drawn from normal human volunteers into syringes containing 0.4 
mL of 10% EDTA. RBCs were removed by hypotonic lysis, followed 
by centrifugation at 400 g for five minutes. Cells were resuspended 
in modified Hank’s buffer and centrifuged at 400 g for five minutes. 
This procedure was repeated once and cells resuspended in modified 
Hank’s to achieve a final concentration of 1.5 x 10° cells/mL. These 
preparations contained a mixture on average of 83 + 1.4% (SEM) 
PMNs, II + 1.7% lymphs and 5.1 + 0.8% monocytes as determined 
by Wright stain (nine determinations). Platelets were not seen in any 
of our preparations. This method was developed to minimize han- 
dling of cells and reduce the likelihood of inadvertent PMN activa- 
tion prior to chemotactic stimulation. On several occasions PMNs 
were purified by Ficoll/Hypaque which yielded >95% PMNs. 
Unstimulated F-actin content of PMNs tended to be higher in these 
preparations; however, the relative increase in PMN F-actin induced 
by PAF was comparable to cells purified by our other method. Cells 
were maintained at room temperature unless otherwise noted. All 
experiments were performed within three hours of venipuncture. 

Neutrophil stimulation and fixation, Cell suspensions, 0.5 mL 
aliquots, (0.75 x 10° cells per sample) were preincubated for seven 
minutes at 25°C. Various concentrations of stimulants or antagonist, 
0.5 mL, were added to each sample. The reaction was stopped by 
addition of 0.1 mL of 37% formaldehyde. Cells were incubated in 
fixative for 15 minutes at 25°C before staining, 

NBD-Phallacidin staining. Staining was performed according 
to the method of Howard and Oresajo.” Briefly, 50 uL of modified 
Hank’s buffer containing 3.46 x 10°° mol/L NBD-phallacidin and 
2.1 mg/mL lysophosphatidyl-choline were added to the fixed cell 
preparations, mixed and incubated for ten minutes at 37°C, Cells 
were then centrifuged at 12,000 g for one minute, supernatants 
removed, and pellets resuspended in 1.5 mL of modified Hank's 
solution. 

Quantification of F-actin content by flow cytometry. Stained 
cells were filtered through nylon mesh and analyzed within two 
hours of staining in most cases. We have found that stained samples 
could be stored at 4°C in Hank’s buffer for 16 hours without 
detectable differences in F-actin content as compared with the 
samples analyzed immediately after staining. The intracellular 
fluorescence was determined by an Ortho Spectrum IH (Ortho 
Diagnostic Systems, Westwood, MA) flow cytometer equipped with 
an argon laser (488 emission, 500 mW output). Using the combina- 
tion of low angle forward light scatter and 90° angle light scatter, 
lymphocytes, monocytes, remaining erythrocytes, and debris were 
excluded from analysis by appropriate gating. All intensities of 
cellular fluorescence were recorded on the linear scale ranging from 
0 to 255 channels. Fluorescent histograms plotting cell number 
(vertical axis) v fluorescence channel (horizontal axis) were 
recorded for each sample. In all instances histograms yielded a 
nornfal distribution (the peak fluorescence channel corresponded to 
the mean fluorescence). An average of 5,000 to 10,000 PMNs were 
analyzed per sample. Relative PMN F-actin content was expressed 
as the ratio of mean fluorescence intensity of stimulated cells to 
mean fluorescence intensity of neutrophils in buffer. Unstimulated 
values were comparable when cells were incubated in modified 
Hank’s buffer or 0.01% DMSO (the highest concentrations used in 
our experiments} in modified Hank’s buffer. 

Triton-insoluble cytoskeleton associated actin. A modification 
of the method described by White et alf was used. Human PMNs 
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were purified by Ficoll/Hypaque and then suspended in modified 
Hank's buffer, centrifuged at 400 g and resuspended in the same 
buffer to achieve a final concentration of 1.5 x 10’ cells per mL. 
Highly purified preparations of PMNs were required for this assay, 
since unlike FACS analysis that allows exclusive measurement of 
PMNs, the Triton-insoluble assay measures shifts in F-actin content 
of all cells in the solution. Five hundred microliters of the cell 
suspension was added to 55 uL of FMLP or PAF solution. The 
reaction was stopped by the addition of 65 uL of triton-stop solution 
containing 10% triton X-100, 7.5 mg% benzamidine, 4 mg% aprotin- 
in, | mg% leupeptin, | mmol/L PMSF, 54 mmol/L Pipes, 22.5 
mmol/L HEPES, 9 mmol/L EGTA, 1.8 mmol/L MgCl, 

After mixing by two gentle inversions, the solution was allowed to 
sit for two minutes at 25°C, and then centrifuged for two minutes at 
12,000 g in an Eppendorf table top centrifuge. The resulting pellet 
(the triton-insoluble fraction) was then solubilized in 100 uL of gel 
sample buffer containing 8 mol/L urea, | g% sodium dodecyl 
sulfate, 2 g% 6-mercaptoethanol, 10 g% sucrose, 0.06 mol/L Tris- 
HCI, pH 6.8. The sample was next sonicated for 20 to 30 secends 
using a Branson sonifier, model 200 with a tapered micro tip 
(Danbury, CT), output 3. Samples were then immediately boiled for 
hve minutes and electrophoresed into 5% to 15% polyacrylamide 
slab gels. Triton-insoluble cytoskeleton-associated actin was quanti- 
fied as previously described. 

Statistics. The statistical significance of differences between 
means was determined using Student's 7 test. 


RESULTS 


The effects of varying concentrations of PAF on PMN 
F-actin content. Figure | demonstrates the effect of vary- 
ing PAF concentration on neutrophil actin polymerization. A 
wide range of PAF concentrations 10°'' to 10°° mol/L 
caused an increase in neutrophil F-actin content. A maximal 
relative F-actin concentration was observed at concentra- 
tions of 1-5 x 107% mol/L PAF. Above this concentration 
range a moderate decrease in F-actin content was observed. 
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Fig 1. F-actin content as a function of PAF and Lyso-PAF 
concentration. 7.5 x 10° PMNs (similar numbers of cells were used 
for all experiments) were exposed to increasing concentrations of 
PAF or tyso-PAF for 60 seconds at 25°C. Celis were then fixed with 
3.7% formalin. lysed, stained, and analyzed by FACS for relative 
F-actin content. The points represent the mean + SEM of four to 
eight trials on separate days. Higher lyso-PAF concentrations 
(5 x 10°°-§ x 10°* mol/L] represent the mean of three determi- 
nations, lower concentrations represent values from one experi- 
ment. 
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Fig 2. (A) Earty time course of the changes in relative F-actin 
content in human PMNs exposed to optimal concentrations of PAF 
and FMLP. PMNs were exposed to 1 x 107° mol/L PAF {closed 
diamonds) or 5 x 10°” mol/L FMLP (open squares) at time = O 
sec, at 26°C. At the indicated times cells were analyzed as 
described in Fig. 1. The points plotted represent the mean + SEM 
of 13 (FMLP) and 8 (PAF) trials determined on separate days. Note 
the difference in F-actin content after five seconds stimulation 
with the two stimuli (FMLP 1.25 + 0.04 v PAF 1.04 + .01). This 
difference was statistically significant, (P < .001). Actin filament 
concentrations were also measured after five minutes stimulation 
with PAF and FMLP {respective values: 1.34 + 0.05 and 
1.74 + 0.08 SEM, five determinations). Inset: F-actin content of 
‘PMNs stimulated with 1 x 107" mol/L FMLP (open squares) 
compared with PMNs stimulated with 1 x 107° mol/L PAF (closed 
diamonds). Note that after five seconds stimulation with this lower 
concentration of FMLP, F-actin content (1.22 + 0.02 SEM, three 
determinations) was also significantly higher than after five sec- 
onds’ stimulation with an optimal concentration of PAF 
(P < .001). (B) The effects of prolonged exposure of PAF on PMN 
actin filament content. PMNs were incubated at 25°C with 1 x 
107° mol/L PAF and F-actin content measured at the times 
indicated. Bars represent the SEM, the numbers above the bars, 
the number of separate determinations. 
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Stimulation with the PAF analog lyso-PAF at concentra- 
tions of 5 x 107”? to 5 x 107% mol/L failed to stimulate 
neutrophil actin assembly. 

The kinetics of actin filament assembly following PAF 
Stimulation. As shown in Fig 2A, exposure of human 
PMNs to an optimal concentration of PAF (1 x 107% mol/ 
L) for various time periods resulted in a rise in F-actin 
content that reached a maximum value by 30 seconds. PAF’s 
effects on PMN actin polymerization were delayed as com- 
pared with FMLP. After a five-second exposure to PAF 
there was no significant rise in F-actin content (F-actin 
content 1.04 + .01 SEM, eight experiments) while FMLP 
(5 x 10-7 mol/L) induced a substantial increase in F-actin 
during the same period (relative F-actin concentration 
1.25 + 0.04 SEM, 13 experiments). Use of higher concentra- 
tions of PAF, up to 5 x 107’ mol/L failed to shorten this 
delay period (five seconds; F-actin content, 1.03). Concen- 
trations of PAF of 1076 mol/L or higher could not be used, 
since as observed by other investigators,” these concentra- 
tions were associated with cell lysis. Addition of a low 
concentration of FMLP, 1 x 107'° mol/L, was not associated 
with a delay in actin filament assembly. The initial rise in 
F-actin content after five seconds, 1.22 + .05 SEM (three 
determinations), was nearly identical to that induced by 5 x 
107’ mol/L FMLP (Fig 2A inset). 

Although the onset of actin filament formation was 
delayed, once this reaction began, the actin filament 
assembly rate associated with PAF was comparable to 
FMLP (4.4% increase in F-actin content/s v 4.8%/s for 
FMLP), and maximum F-actin concentrations were 
observed after a 30-second exposure to either stimulus. The 
peak concentration of F-actin induced by PAF was consider- 
ably lower than that induced by an optimal concentration of 
FMLP (1.72 + 0.07, 10 experiments v 2.21 + 0.06, 13 exper- 
iments). At each time point, F-actin content was signifi- 
cantly lower following PAF stimulation as compared with 
FMLP (P < .05). F-actin content following 30 seconds stim- 
ulation with optimal concentrations of the two agents was 
also measured using the triton-insoluble-cytoskeleton assay.“ 
By this method PAF was also shown to induce a smaller rise 
in F-actin content as compared with FMLP (relative F-actin 
content: 1.6 y 2.0). 

F-actin content rapidly decreased when PMNs were 
exposed to PAF for greater than one minute, reaching a 
nadir between 2 and 6 minutes, then actin filament concen- 
tration again increased reaching a second peak after approxi- 
mately ten minutes. This reaction was followed by a second 
decline in F-actin content. Figure 2B shows the effects of 
prolonged exposure to 1 x 107° mol/L PAF; similar kinetics 
were observed when PMNs were exposed to 1 x 107° mol/L 
PAF for extended periods. i 

Effects of a PAF receptor antagonist {SRI 63-441), 
pertussis toxin, and NDGA on PAF-induced PMN actin 
filament assembly. The PAF receptor inhibitor (SRI 63- 
441) blocked neutrophil actin filament assembly induced by 
PAF, complete inhibition being observed at 1 x 107% mol/L, 
50% inhibition at 1 x 1077 mol/L, and no inhibition at 1 x 
107% mol/L (Fig 3). 

The role of G proteins in mediating PAF-induced actin 
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Fig3. The effects of the PAF receptor antagonist SRI 63-441 
on PAF stimulation of PMN actin polymerization. PAF 1 x 107° 
mol/L, was added simultaneously with varying concentrations of 
SRI 63-441. Samples were fixed, lysed, and stained after incuba- 
tion at 25°C for 60 seconds, Values represent the mean of two 
determinations performed on separate days. The far left hand 
value (1.6) represents the F-actin content of PMNs stimulated in 
buffer. 


filament assembly was examined using pertussis toxin. As 
observed with FMLP, incubation of cells for 90 minutes with 
400 ng/mL. of this agent caused a 50% to 60% inhibition of 
PAF-induced neutrophil actin assembly. Incubation with the 
same concentration of pertussis toxin for two hours resulted 
in 80% inhibition of both the PAF-and FMLP-induced rise in 
F-actin concentration. Higher concentrations of pertussis 
toxin (2.5 pg/mL) also resulted in marked inhibition of 
FMLP- and PAF-induced actin polymerization (Fig 4). 

It has been suggested by some investigators that PAF 
activates PMNs by inducing endogenous production of leu- 
kotriene B,.2'” To investigate whether production of this 
agent might be responsible for PMN actin polymerization, 
cells were preincubated with the lipoxogenase inhibitor, 
nordihydroguaiaretic acid (NDGA) before stimulation. 
Preincubation with 5, 10, and 20 wmol/L NDGA for five 
minutes at 37°C (concentrations previously shown to cause 
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Fig 4. The effects of pertussis toxin (PT), on PAF and FMLP 
stimulation of PMN actin polymerization. PMNs were incubated 
with increasing concentrations of PT for 90 minutes at 37°C. Cells 
after being washed once in buffer were stimulated with PAF 1 x 
10°* mol/L or FMLP 5 x 10°’ mol/L for 60 seconds. 
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near total inhibition of leukotriene production by PAF’) 


failed to significantly inhibit the rise in F-actin content 
induced by PAF. A higher concentration (50 umol /L) of this 
reagent inhibited both FMLP and PAF stimulation of actin 
polymerizetion and was associated with blebbing of the 
PMN peripheral cytoplasm, suggesting a more generalized 
toxic effect. 

The effects of EGTA and the ionophore A23187 on PAF- 
and FMizP-induced neutrophil actin filament as- 
sembly. To assess the calcium requirement of PAF- 
induced neutrophil actin assembly, EGTA and the calcium 
ionophore A23187 were added to the incubation media. As 
shown in Fig 5, EGTA in the presence or absence of A23187 
failed to inhibit PAF’s effects on actin filament assembly. 
Addition ef | mmol/L EGTA to the media also failed to 
inhibit the second rise in F-actin content observed after 20 
minutes’ exposure to PAF (Fig 2B). Similarly FMLP- 
stimulated PMN actin filament formation was not inhibited 
by addition of EGTA and/or A23187 to the buffer. In an 
additional experiment not depicted in Fig 5, PMNs were 
preincubated with EGTA for 20 minutes followed by expo- 
sure to AZ3187 for four rather than two minutes to further 
deplete intracellular calcium stores. This condition also 
failed to inhibit PAF- and FMLP-induced rises in F-actin 
content. Values were comparable to those depicted in column 
d of Fig 5. As observed by other investigators,” A23187 in 
the presenze or absence of EGTA caused moderate increases 
in F-actim concentration (1.33 + 0.14 and 1.59 + 0.06, 
respective y, after two minutes exposure, three determina- 
tions). A23187 alone, however, had no significant effect on 
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FigS. The effects of EGTA and the calcium ionophore A23187 
on PAF and FMLP stimulation of PMN actin polymerization. PMNs 
were incubated at 25°C {a} in buffer containing 1 mmol/L CaC,, (b) 
in buffer containing 1 mmol/L CaCl, and 5 x 10°’ mol/L A23187 
for two miautes, {c} in buffer without added calcium plus 1 mmol/L 
EGTA for 20 minutes, or (d) in EGTA buffer for 20 minutes 
followed by the addition of A23187 for two minutes. PMNs were 
then stimulated with 2.5 x 10" mol/L PAF or 5 x 107 mol/L 
FMLP for GO seconds at 25°C. Samples were analyzed as described 
in Fig 1. Values represent the mean + SEM of experiments 
performed on three different days. The differences in F-actin 
content induced by PAF or FMLP under these four conditions were 
not statistically significant, with the exception of condition {d}. 
The FMLP induced rise in F-actin content was significantly higher 
under these conditions when compared with PMNs stimulated 
with FMLP in buffer {a P = .014). 
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Table 1. Percent Increase in Relative F-Actin Content After 60 Second Stimulation With Various Concentrations of PAF or FMLP Alone 
and in Combination 








[FMLP] (mol/L) 107" 107° 190°” 107" None 
[PAF] (mol/L) 

107° 117 + 23 (2) ~~ 98 — 70 + 10 (2) 
5 x 107° — 108 — — 62 

5-10 x 107" — 81+ 14 (2) 52 + 11 (4) — 28 + 3 (6) 
1-10 x 107" — 31 37 + 21 (4) 21 + 9 (3) 3+ 1(8) 
None 119 + 11 (2) 36 + 6 (4) 11 + 3 (9) 9 + 3 (3) 0 (17) 


PAF and FMLP were added simultaneously to 7.5 x 10° PMNs and cells fixed after 60 seconds. F-actin content was measured as described in Fig 1 
and Materiais and Methods. Numbers in parentheses represent the number of separate determinations. Values are percentages + SEM. 


PAF- or FMLP-induced neutrophil actin polymerization 
(Fig 5, column b). 

Combined stimulation with PAF and FMLP As shown 
in Table 1, when PMNs were exposed to low concentrations 
of PAF and FMLP simultaneously, the F-actin content 
increased to levels higher than that induced by either stimu- 
lus alone. The resulting rise in F-actin content was generally 
equivalent to or above the sum of the rise in F-actin content 
induced by the individual chemotactic stimuli. This additive 
effect was seen when concentrations of FMLP of 7.5 x 107° 
to 1 x 107'' mol/L were combined with 1 x 107° to 1 x 
107” mol/L concentrations of PAF. Use of optimal concen- 
trations of FMLP as well as PAF failed to stimulate 


_. increases in F-actin content above that induced by FMLP 


alone. 

Preincubation of PMNs with PAF (1 x 107" mol/L) for 
2, 5, 10, 20, and 60 minutes also enhanced F-actin production 
in response to a low concentration of FMLP (5 x 107" 
mol/L). At each time point the rise in F-actin was greater 
than the sum of the two individual stimuli (data not shown). 
As shown in Table 2, preincubation of PMNs with varying 
concentrations of PAF (1 x 107" to 1 x 107~* mol/L) for 60 
minutes resulted in an enhanced F-actin response to low 
concentrations of FMLP (5 x 107” to 1 x 107% mol/L). 
F-actin content was 20% to 200% greater than the sum of 
rises in F-actin content induced by the individual stimuli. 
Monocyte contamination did not appear to play a role in 
PAF “priming,” since PAF preincubation of PMNs purified 
by Ficoll/Hypaque resulted in comparably greater than 
additive responses to low concentrations of FMLP (data not 
shown). Preincubation of PMNs with FMLP (5 x 107" to 
5 x 107° mol/L), rather than PAF, for 60 minutes followed 


by addition of a higher concentration of FMLP for 60 
seconds (1 x 107" to 1 x 107° mol/L) was associated with a 
less than additive rise in F-actin content in all instances 
(Table 3). The combined stimulus resulted in an F-actin 
content that was 10% to 62% below the sum of the individual 
stimuli. 


DISCUSSION 


Human and rabbit PMNs rapidly increase their F-actin 
content after being stimulated with FMLP. Under optimal 
conditions this chemotactic stimulus increases F-actin con- 
tent by approximately twofold within 30 seconds. Other 
agents have also been shown to stimulate PMN actin poly- 
merization including leukotriene B,, phorbol myristate ace- 
tate, and arachidonic acid.'® PAF has also been shown by the 
triton-insoluble cytoskeleton assay to induce a rise in the 
F-actin content of rabbit PMNs.'*!’ The fluorescent F-actin 
stain, NBD-phallicidin, has recently been used to measure 
F-actin content in PMNs.’ Using this assay we have system- 
atically compared the individual effects of PAF and FMLP 
on human PMN actin filament assembly and have also 
investigated how these two agents in combination may affect 
in vivo PMN actin polymerization. The NBD-phallicidin 
assay makes possible careful kinetic analysis of PMN actin 
filament formation and also allows reproducible quantitation 
of relative F-actin concentration.” These investigations have 
demonstrated several differences between FMLP and PAF. 

First, on examining the kinetics of the PAF-induced rise in 
F-actin content, we found a brief but reproducible lag period 
of five seconds between the time of stimulation and the initial 
increase in F-actin content. This delay in actin polymeriza- 
tion was not observed after stimulation with FMLP even 


Table 2. Percent increase In Relative F-Actin Content After 60 Minutes Stimulation With Varying Concentrations of PAF Alone, After 60 


Seconds Stimulation With Varying Concentrations of FMLP Alone and After 60 Minutes Stimulation With PAF Followed by 60 Seconds 


Stimulation With FMLP 
[FMLP] (mol/L) 107% 6x 107" 5 x 107” Nons 
107" 54 + 8 (+60) 42 + 1(+27) 24 + 2 (+20) 18 +1 
107° 44 + 5(+38}) 37 + 3(+28) 38 + 4(+138) 14+2 
10°" 35 + 5 (+35) 31 + 3 (+35) 30 + 8 (+200) 8:3 
107" 39 + 9 (+95) 30 + 2 (+78) 11 + 1(+175) 2+2 
None 18 tå 16 + 3 2+ 1 


Numbers in parentheses represent the percent rise above the sum of the two Individual stimuli: % F-actin content above additive = 100 x [F-actin 


content of PMN receiving combined stimull — {F-actin content of PMN stimulated with FMLP x 60 + F-actin content after PAF x 60 min)]/{F-actin 


content after FMLP + F-actin content after PAF). Values are percentages + SEM of three to seven separate determinations. 
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Table 3. Percent Increase in Relative F-Actin Content After 60 Minutes Stimulation With Varying Concentrations of FMLP Alone, After 
60 Seconds Stimulation With Varying Concentrations of FMLP Alone and After 60 Minutes Stimulation with FMLP Followed by 60 
Seconds Stimulation With a Second Higher Concentration of FMLP 





apenan mean te NAIR A RTCA 














[FMLP] (mol/L; 60 sec) 10°° 5x 107" 1x107" None 
[FMLP] (mol/L; 60 min) 
5x 10°" 66 {—31) = = 38 
1x 107” 61 {— 12) 47 + 9* {— 10) — 1142 
5x 1077"! 57 {—20) 31 + 7(-42) 13 + 6 (-62) 13 
None 58 4i+2 2127 


Numbers in parentheses represents the % below the sum of the two individual stimuli: % F-actin content below additive = 100 x [F-actin content of 
PMN receiving combined stimuli — (F-actin content of PMN stimulated with FMLP x 60s + F-actin content atter PAS x 60 min)]/(F-actin content after 


FMLP + F-actin content after PAF). 


*Values are percentages + SEM of three separate determinations; other experiments represent the mean cf two separate determinations. 


when low concentrations of FMLP were used to stimulate 
actin filament assembly. Stimulation with higher concentra- 
tions of PAF did not shorten the time of initial actin filament 
assembly, therefore a delay in binding of PAF to PMN 
membrane receptors seemed an unlikely explanation for our 
findings. Such a lag period might be present if PAF’s effects 
on actin filament assembly were mediated by the production 
of a second compound, such as leukotriene B4. However, 
preincubation of PMNs with the lipoxegenase inhibitor, 
nordihydroguaiaretic acid (NDGA), a condition that should 
block leukotriene production,” ” did not affect PAF-induced 
actin polymerization. When human PMNs bind PAF they 
rapidly metabolize this agent.” We cannot exclude the 
possibility that the observed lag period represents the time 
required to metabolize PAF to a more active byproduct. 

Not only the early kinetics of polymerization, but also the 
time course of depolymerization may differ from FMLP. 
Prolonged incubation with PAF was associated with two 
phases of polymerization and depolymerization. The initial 
rapid rise in F-actin content was followed by a decrease in 
F-actin over the ensuing two to six minutes. Depolymeriza- 
tion was then followed by a moderate second rise in F-actin 
content that in turn was followed by a second depolymeriza- 
tion phase. With the exception of Sklar et al, who observed 
two phases of polymerization and depolymerization during 
the first two minutes of oligopeptide stimulation, other 
investigators have described a single abrupt rise in F-actin 
content followed by a single phase of depolymerization 
following FMLP stimulation.’ The cause of this second rise 
in F-actin content is not clear, but could be the result of 
PMN aggregation or the production of second mediator that 
in turn induces a second actin polymerization reaction. 

There are also a number of similarities between these two 
chemotactic agents. Receptor inhibitor studies indicate that 
PAF, like FMLP, requires receptor occupancy to induce 
PMN actin polymerization.’® The marked inhibitory effects 
of pertussis toxin on human PMNs suggest that as observed 
in rabbit PMNs,” both chemotactic agents require function- 
ing G-proteins” to stimulate actin polymerization. 

Neither PAF nor FMLP required extracellular calcium to 
induce increases in F-actin concentration. This finding sug- 
gests that the large influx of ionized calcium generally 
associated with PAF” and FMLP* stimulation is not 
required for actin filament assembly. The effects of com- 


bined treatment of PMNs with EGTA and A23187 are 
complex and variable; therefore, no firm conclusions can be 
drawn from our experiments concerning the importance of 
intracellular calcium in mediating PAF- and FMLP-induced 
actin filament assembly. These experiments do suggest that 
these two classes of chemotactic agent may function similar- 
ly, since this treatment failed to inhibit actin hlament 
assembly induced by either reagent. 

in addition to acting directly to induce neutrophil aggre- 
gation, degranulation, superoxide production, chemotaxis, 
and actin polymerization, PAF can regulate neutrophil 
responses to other stimuli. PAF can desensitize the PMN 
aggregation response to leukotriene B4.” When combined 
with opsonized zymosan, PAF induces an additive rise in 
superoxide production.” When combined with FMLP, PAF 
synergistically enhances the oxidative response. Maximum 
enhancement is observed when optimal oxidative concentra- 
tions of both chemotactic agents are used (1077 mol/L 
FMLP and 1078 mol/L PAF).* 

Our studies demonstrated that PAF also is able to modu- 
late PMN actin responsiveness to FMLP. However, unlike 
the oxidative response, PAF only enhanced the effect of 
suboptimal FMLP concentrations. Simultaneous addition of 
or preincubation for up to 60 minutes with PAF caused an 
enhanced response to FMLP. Particularly after prolonged 
preincubation with PAF. the combined effect of these two 
chemotactic agents on F-actin content was consistently 
greater than the sum of the effects of two individual stimuli. 
Preincubation with FMLP followed by exposure to a second 
higher concentration of FMLP, on the other hand, resulted in 
a less than additive response. These findings suggest as 
observed for oxidative metabolism, that PAF may act as a 
“priming” stimulus” for FMLP. Although these two chemo- 
tactic agents bind to separate receptors, they may have 
common intermediate biochemical pathways serving to 
induce PMN actin filament assembly. PAF could serve to 
activate one or more proteins responsible for this reaction, a 
condition that might augment PMN actin assembly in 
response to a second stimulus. It is also possible that PAF 
stimulation may increase the number and/or affinity of 
FMLP receptors. 

Understanding how these two chemotactic agents affect 
actin filament assembly alone and in combination are of 
importance in understanding the in vivo inflammatory 
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response, since both of these chemotactic agents may be 
present in inflammatory exhudates and PAF may be synthe- 
sized and retained on the membrane surface of stimulated 
PMNs." The present findings suggest that the lipid chemo- 
tactic agent, PAF, not only can induce PMN actin filament 
assembly, but may also serve to make the PMN actin 


1927 


response more sensitive to low concentrations of peptide 
chemotactic agents like FMLP. 
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Cytogenetic Studies and In Vitro Colony Growth in Patients With Mastocytosis 


By Birgitta Swolin, Stig Rodjer, and Gosta Roupe 


Cytogenetic analysis of bone marrow cells and in vitro 
growth for bone marrow granulocytic-macrophage stem 
cells have been performed in 13 patients with mastocyto- 
sis, Six with systemic mastocytosis, and seven with urti- 
caria pigmentosa. Clones with chromosome abnormalities 
were found in five patients. The number of clusters and/or 
colonies after seven days in culture was increased in seven 
patients, compared with the growth in a control group. 
Three patients with chromosome abnormalities showed an 
abnormal growth pattern, yet exhibited normal peripheral 


ASTOCYTOSIS is a rare disorder with manifesta- 

tions either in the skin, as urticaria pigmentosa, or as 

a generalized form, systemic mastocytosis, or even as mast 

cell leukemia. Anemia, leukocytosis, thrombocytopenia, or 

eosinophilia may be present.' An increased number of mast 

cells in the bone marrow and lesions with varying numbers of 

lymphocytes, eosinophils together with mast cells, may be 
found.’ 

Certain patients with mastocytosis can initially be diag- 
nosed as having or may later develop a myeloproliferative 
disorder.”* Many patients with myeloproliferative diseases 
have chromosome abnormalities in bone marrow cells’; how- 
ever, cytogenetic analysis has been reported in only a few 
cases with mastocytosis and normal karyotypes were then 
observed.“*” The in vitro colony-forming capacity of bone 
marrow granulocytic-macrophage stem cells can also show 
an abnormal growth pattern in myeloproliferative disorders. 
Animal cell culture studies indicate that the mast cell may be 
of bone marrow origin.® Due to these findings it would be of 
interest to investigate patients with mastocytosis with tech- 
niques that have revealed abnormalities in the myeloprolifer- 
ative disorders. This paper reports on cytogenetic studies and 
bone marrow colony growth in 13 patients with mast cell 
disease. To our knowledge, no systematic studies have previ- 
ously been carried out. 


MATERIAL AND METHODS 


Patients. Thirteen adult patients (median age 40 years) with 
mastocytosis participated, after informed consent, in the present 
study. Clinical data are presented in Table 1. The six patients (four 
males, two females) with systemic mastocytosis were 30 to 69 years 
of age (median 58 years) with a disease duration varying from 2 to 
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blood values. Two patients with systemic mastocytosis had 
clones with chromosome abnormalities and some abnormal 
hematological values. The proportion of patients with 
chromosome abnormalities and an abnormal growth pat- 
tern was higher among these patients with mastocytosis 
than in healthy control subjects. These results may be of 
interest when discussing the origin of mast cell disorders 
and indicate an association with the myeloproliferative 
disorders. 

e 1987 by Grune & Stratton, Inc. 


27 years (median 5.5 years). The age ranged between 19 and 60 
years (median 28 years) for the seven patients (two males, five 
females) with urticaria pigmentosa and was lower than for patients 
with systemic mastocytosis. The disease duration was also shorter 
varying from | to 5 years (median 3 years). 

The diagnosis of the skin disease was based on clinical criteria for 
urticaria pigmentosa, ie, multiple reddish-brown maculae that urti- 
cate after rubbing. The extension of the skin disease was calculated 
from the number of macular skin lesions, which was estimated as 
smali, moderate, or large. The severity of the pruritus was estimated 
by each patient. None of the patients had a history of flush attacks, 
headache, or decreasing BP. 

The clinical diagnosis was confirmed in all the patients by 
histological examination of punch biopsies from hyperpigmented 
macular spots from the abdominal skin. The diagnosis of systemic 
mastocytosis was based on direct demonstration of an increased 
number of mast cells in the bone marrow section and an increase in 
the urinary excretion of methylimidazole acetic acid’ Patient no. 6 
with systemic mastocytosis had an increased number of mast cells in 
the bone marrow but normal excretion of methylimidazole acetic 
acid in urine. Splenomegaly was found in three patients (Table 7). 

Control group. For comparison, the in vitro bone marrow colony 
growth capacity for granulocytic-macrophage stemcells was studied 
in nine subjects (seven males and two females) aged 23 to 70 years 
with a median age of 39 years, after informed consent. These healthy 
subjects had normal peripheral blood values and bone marrow 
morphology. 

Sampling procedure. Bone marrow (1 to 2 mL) from the 
sternum or iliac crest was aspirated. The cells were suspended in 3 
mi McCoys medium (Flow Laboratories) containing 125 IU 
heparin (Kabi Vitrum) for colony growth and the marrow was 
suspended in 6 mL McCoy’s medium for cytogenetic analysis. 

The assay of colony formation was measured by using a two- 
layered semisolid, agar culture system described by Pike and Rebin- 
son.” Placenta extract was used as source of the colony-stimulating 
factor, according to Burgess et al,'* instead of using mononuclear 
cells in the feeder layer. The top layer was seeded with | x 10° 
mononuclear cells per milliliter per dish. The cells were isolated on 
isopaque-Ficoll. The cultures were incubated at 37°C, in a humified 
atmosphere of 5% CO, in air. Four dishes for each culture were used 
as for unstimulated controls, the mean value was given. After seven 
and ten days the dishes were examined with an inverted microseope. 
Aggregates of more than 40 cells were defined as colonies, 21 to 40 
cells as macroclusters, and three to 20 cells as microclusters.'° Under 
these conditions the highest value for colonies was attained on day 10 
and the colony growth reached a plateau in the amount of placenta 
extract used. Growth was linear for up to ten times the cell 
concentration used. The reproducibility was good and tested fram 
two sequential cultures in six subjects. 

In the las: six patients examined, the dishes were fixed and stained 
with May-Griinwald-Giemsa to evaluate the morphology of the 


Blood, Vol 70, No 6 (December), 1987: pp 1928-1932 


CHROMOSOMES AND COLONY GROWTH IN MASTOCYTOSIS 


1929 


Table 1. Clinical Findings in 13 Pationts With Mastocytosis 








Age at Duration No. of Spleen Area Increased No. of 
Patient Examination of Disease Macular Scintigraphy Mast Calis In U-MalmAA Clinical 

No ty)/Sex fy} Skin Lesions Pruritus {em)* Bone Marrow Sectiont img/24 h) Diagnosis 
1 69/M 2 Smali Mild 185 Yes 58.2 SM 
2 63/F 27 Large Mild Normal Yes 48.4 SM 
3 44/F 20 Large Moderate Normal Yes 22.8 SM 
4 30/M 5 Moderate Moderate Normal Yes 7.1 SM 
5 56/M 6 Large No 110 Yes 4.9 SM 
6 60/M 3 Moderate Mild 104 Yes 3.3 SM 
7 39/F 1 Moderate No Normal No 2.5 UP 
8 40/F 3 Small Moderate Normal No 1.9 UP 
9 19/F 5 Small No Normal No 1.8 UP 
10 60/F 4 Moderate No Normal No 1.8 UP 
11 25/M 5 Large Moderate Normal No 1.8 UP 
12 28/M 1.5 Small Moderate Normal — 1.6 UP 
13 19/F 1 Small No Normal No 1.0 UP 





Abbreviations: SM, systemic mastocytosis; UP, urticaria pigmentosa. 


*Scintigraphic examination of the spleen was performed according to Larsson and Nelp in 1966.* Reference value <81 cm*.”” 
+See Ridali at al.? The upper limit of mast cells for reference subjects is 71/mm?’. 
+U-MaimAA (urine methylimidazole acetic acid) was measured by high performance liquid chromatography as described by Granarus,’’ Granerus and 


Wass."? Reference values « 1.2 to 3.8 mg/24 h. 


cells. The enumerated colonies and clusters included neutrophils, 
macrophages, eosinophils, and mast cells, as determined by the 
morphological appearance with this staining. 

Chromosomes from bone marrow cells were prepared with con- 
ventional techniques. When no evaluable metaphases could be 
obtained in direct preparations, marrow cells were also studied after 
48 hours in culture. G- and Q-banding was used.'*'’ Chromosome 
identification and karyotypes were classified in accordance with the 
International System for Human Cytogenetic Nomenclature,” ie, a 
clone was defined as at least two cells with the same numerical 
and/or structural abnormality. 

Routine laboratory techniques were used for the determination of 
peripheral blood parameters. Plasma cobalamines (B,,) and folates 
concentrations were assayed with microbiological techniques. 


RESULTS 


The laboratory results are presented in Table 2. The 
hemoglobin concentration was normal in all patients except 
two (cases no. | and 2) with systemic mastocytosis (Table 2). 
The leukocyte counts were normal in all patients. Differen- 


tial leukocyte count showed no significant abnormality; 
however, slight eosinophilia was found in patients no. 2 and 
3. Patient no. 1 exhibited an increased platelet number, while 
all other patients had normal levels. All patients had serum 
iron and total iron binding capacity within reference values. 
Patients no. 1 and 2 exhibited an increased plasma B, 
concentration and none of the patients had been given drugs 
containing B}. Plasma and blood folates levels were normal 
in all patients. 

The cytogenetic analysis of the bone marrow cells revealed 
clones with chromosome abnormalities in five patients (Ta- 
ble 3, Fig 1). Clones were present only to a minor extent, 
except in patient no. 8, and were revealed in three patients 
after a 48-hour culture. The type of abnormality was 5q—, 
9p+,11q—, +13 and —16, +mar in cach patient. In patient 
no. 1 a loss of one no. 16 was seen and it cannot be excluded 
that the marker derives from no. 16. We regard the deletions 
in patients no. 2 and 6 as interstitial deletions. Patient no. 8 
had some extra unidentified material on the short arm of 


Table 2. Laboratory Results In 13 Patients With Mastocytosis 


Patient Hb wac Eosinophils 
No. g/L x 10°/1. x 10°/L 
1 110 8.9 0.14 
2 97 7.5 0.52 
3 128 8.2 0.73 
4 164 4.7 0.22 
5 131 4.8 0.03 
6 138 5.3 0.10 
7 119 6.2 0.14 
8 115 8.9 0.30 
9 137 3.7 0.15 
10 126 8.0 0.11 
41 158 6.4 0.10 
12 155 5.6 0.15 
13 123 5.0 0.11 
Reference values (> 110) (3.5-10) (0.06-0.3) 


Ptatelets $-Fe TIBC SBis 
x 10°/L pmol/L. pmol/L pmol/L 
550 20 56 1800 
149 10 32 955 
262 10 54 226 
213 22 37 299 
177 13 55 230 
268 18 42 351. 
212 14 49 i 201 
224 24 49 220 
256 20 52 284 
321 12 54 292 
349 13 46 436 
266 30 58 356 
240 28 65 499 

(160-350) (10-30) (43-90) (130-740) 
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Table 3, Results of Cytogenetic Analyses and in Vitro Cultures for Granulocytic-Macrophage Progenitor Cells 
From Bone Marrow in Patients With Mastocytosis 








1930 
Proportion 
Patient Na. of Cells of Abnormal 
No. Bone Marrow Karyotype Karyotyped Clone (6) 
1 AG XY /46 XY, -~ 16,4 mar 28 21 
2 46, XX/46. XX, dallSHa2 1q3 1} 25* 13 
3 46 AX 13 0 
4 46, XY 11 g 
5 46 X%¥ 14 $ 
G 46 X¥/46 XY dell 1 1Hqt3q27) A" 18 
7 ASG AX 14 0 
8 AG XX, Gp + (46, XX 24 83 
9 46 XX/46,.XX 4+G/47, XX, +13 11* 27/18 
10 46 XX 8 O 
13 4G XY V4 O 
12 46G, xY P 0 
13 AG AX 1 O 


Patients {n = 13), median {range} 
Control group in = 9), median (range) 





*Prepared after 48-h culture. 


chromosome No. 9, which did not seem to be a pericentric 
inversion, however C banding was not performed. The extra 
G chromosome in patient no. 9 bore the closest resemblance 
to a no. 22. The other eight patients exhibited normal 
karyotypes. All patients had a normal karyotype in phytohe- 
magglutinin stimulated peripheral blood cells. 

Patients no. | and 2 with an abnormal! karyotype had both 
anemia and elevated plasma B,,-concentrations. 

The colony growth capacity in all the patients examined 
showed a median value of 356 (range 140 to 1,029) on day 7 
for microclusters, 220 (range 13 to 343) for macroclusters, 
and 75 (range 0 to 438) for colonies (Table 3). On day 10, the 
median value was 80 for colonies (range 4 to 242). No 
obvious difference could be observed between the patients 
with systemic mastocytosis and those with urticaria pigmen- 


Case | 


Case ? 


Case 9 


13 


Fig 1, 





Number of Clusters and Colonies for CFLU-GM/10° Cells 








7d Od 
Microclustar Macrocluster Colones TRONES 

208 2 4 14 
252 1¥2 ao 438 
140 177 34 54 
3689 324 303 242 
373 260 47i 189 
1029 343 75 45 
268 220 256 132 
362 333 178 52 
233 229 A38 240 
356 122 OZ a4 
427 13 G 4 
179 154 46 60 
361 337 52 86 


356 (140-1429) 220 (12-343) 75 (0-438) 8G 4-242} 
344 (173-907) 126 (76-267) 54 (1-220) 47 (22-468) 


tosa. In comparison with the control group the number of 
colonies wes nearly twice as numerous while the cluster 
counts were of the same order of magnitude. The largest 
number of clusters was reached after a seven-day culture. An 
increased number of clusters was found in patients no. 4, 6, 8, 
and 13. The number of colonies reached a peak after seven 
days of culture for seven patients, four of whom showed an 
increased nember in comparison with the control group. Six 
patients had a larger number of colonies on day 10, but all 
had values within the reference values. Only patient no. 11 
had defective colony growth. 

The morphology in May-Griinwald-Giemsa stained chus- 
ters and colonies could be evaluated in patients no. 1, 3,4, 7, 
9, and 13. All patients exhibited cells with features simular to 
mast cells, zspecially with regard te the cell size and the 
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Bone marrow chromosomes, pairs with abnormalities ia patients no. 1, 2. 6, 8, and 9. 
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heavy content of basophilic granules; however, further evalu- 
ation is necessary. Three of the five patients with chromo- 
some abnormalities showed an abnormal in vitro growth 
pattern for granulocytic-macrophage stem cells. 


DISCUSSION 


Disorders with mast cell proliferation include a wide 
variety of manifestations, from benign infiltration of the 
skin, urticaria pigmentosa, to the malignant course seen in 
mast cell leukemia.’ An intriguing connection between both 
myelo- and lymphoproliferative disorders has been discussed 
in case reports.” 

This is the first report on a small series of patients with 
mastocytosis investigated by cytogenetic analysis. Chromo- 
some abnormalities in bone marrow cells were found in 36% 
of the patients, which is a higher proportion than in healthy 
subjects.” In myeloproliferative disorders the incidence of 
abnormalities varies from 85% in patients with chronic 
granulocytic leukemia with the Ph’ chromosome to ~15% in 
patients with polycythemia vera close to the diagnosis.°°°”! 
Some patients with chronic myeloid leukemia develop baso- 
philia, and in a series” of patients with chronic myeloid 
leukemia the chromosome abnormality iso(17q) in addition 
to the Ph’ abnormality, was related to high values of baso- 
phils. This abnormality, however, was not found in the 
present series of patients with mastocytosis. The abnormali- 
ties Sg— and lq- found in two patients are also common 
abnormalities in myeloid disorders and in myelodysplastic 
syndromes.”** 

In seven patients, the in vitro colony growth pattern of 
bone marrow cells showed an increased number of clusters 
and/or colonies similar to findings recently reported by 
Denburg et al.” They found an increased number of colony- 
forming units in peripheral blood from patients with systemic 
mastocytosis. This pattern is more like the pattern found in 
chronic myeloid leukemia,” than that found in myelodys- 
plastic syndrome with defective or no colony forming capac- 
ity."*?? An increased number of histamine positive granulo- 
cytic colonies from blood has been found in patients with 
systemic mastocytosis and chronic myeloid leukemia.” It 
would have been desirable to identify the cell type that 
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contained the chromosome abnormalities. However, tech- 
niques for such identification were not available to us. 

The occurrence of chromosome aberrations or increased 
growth capacity was similar in patients with urticaria pig- 
mentosa and systemic mastocytosis. There was no obvious 
relationship between the cytogenetic results and the colony 
growth seen in this small series. However, three patients had 
both an abnormal karyotype and abnormal growth capacity, 
yet they still exhibited normal peripheral blood values, 

All the patients with urticaria pigmentosa had norma! 
hemoglobin, leukocyte, and platelet concentrations, as has 
been described in earlier reports.’ In the group with systemic 
mastocytosis, one patient had anemia and thrombocytosis, 
and another had anemia and eosinophilia. These findings are 
in agreement with those in the reports on larger numbers of 
patients.” These two patients also had clones with chromo- 
some abnormalities, as well as an increased plasma B,, 
concentration, a common finding in myeloproliferative disor- 
ders. 

Bone marrow cells from our patients with mastocytosis 
showed chromosome aberrations and an abnormal! in vitro 
colony growth similar to findings in myeloproliferative diser- 
ders and thus supports the idea of an association between 
these disorders. The hypothesis that mast cells derive from a 
hematopoietic origin is supported by observations obtained 
with bone marrow mast cells, grown in long-term culture 
from a patient with mastocytosis.’ An increased number of 
bone marrow mast cells has been reported in preleukemic 
syndromes.’ Experimental data suggest that the production 
of granulocyte-macrophage colony stimulating factor can be 
activated in tumorigenic mast cell lines derived from Abelson 
murine leukemia virus-transformed hematopoietic cells.” 
This observation may be one of the possibilities to explain the 
increased growth capacity seen in some of our patients. 

We intend to follow-up this group of patients with 
repeated examinations, both with regard to their cytogenetic 
evolution and their colony growth pattern. The preliminary 
observation, in particular that mast cells grow from the bone 
marrow of patients both with systemic mastocytosis and 
urticaria pigmentosa, needs to be confirmed with other 
methods. 


REFERENCES 


1. Webb TA, Li GY, Yam LT: Systemic mast cell disease: A 
clinical and hematopathologic study of 26 cases. Cancer 49:927, 
1982 

2. Ridell B, Olafsson JH, Roupe G, Swolin B, Granerus G, 
Rédjer S, Enerbick L: The bone marrow in urticaria pigmentosa 
and systemic mastocytosis. Cell composition and mast cell density in 
relation to urinary excretion of telemethylimidazoleacetic acid. Arch 
Dermatol 122:422, 1986 

3. Diamond JH, Gross L: Urticaria pigmentosa complicated by 
polycythemia vera. Blood 27:253, 1966 

4. Cooper AJ, Winkelmann RK, Wiltsie JC: Hematologic malig- 
nancies occurring in patients with urticaria pigmentosa. J Am Acad 
Dermatol 7:215, 1982 

5. Sandberg AA: The chromosomes in human cancer and leuke- 
mia. Elsevier North Holland, 1980 

6. Yam LT, Yam CF, Li CY: Eosinophilia in systemic mastocy- 
tosis. Am J Clin Pathol 73:48, 1980 


7. Horton MA, O’Brien HAW: Characterization of human mast 
cells in long-term culture. Blood 62:1251, 1983 

8. Kitamura Y, Shimada M, Go S, Matsuda H, Hatanaka E, 
Seki M: Distribution of mast-cell precursors in hematopotetic and 
lymphopoietic tissues of mice. J Exp Med 150:482, 1979 

9. Larsson SN, Nelp WB: Radiopharmacclogy of a simplified 
technetium-99-m colloid preparation for photoscanning. J Nucl Med 
7:817, 1979 i 


10. Westin J, Lanner LO, Larsson A, Weinfeld A: Spleen size in 
polycythemia. A clinical and scintigraphic study. Acta Med Scand 
191:263, 1972 

11. Granerus G: Urinary excretion of histamine, methyihista- 
mine and methylimidazole acetic acid in man under standardized 
dietary conditions. Scand J Clin Lab Invest 104:59, 1968 (suppl) 


12. Granerus G, Wass U: Urinary excretion of histamine, meth- 
ylhistamine and methylimidazole acetic acid in mastocytosis. Com- 


1932 


parison of new HPLC methods with other present methods. Agents 
Actions 14:341, 1984 

13. Pike B, Robinson WA: Human bone marrow colony growth in 
agar-gel. J Cell Physiol 76:77, 1970 

14. Burgess AW, Wilson EMA, Metcalf D: Stimulation by 
human placental conditioned medium of hemopoietic colony forma- 
tion by human marrow cells. Blood 49:573, 1977 

15. Lidbeck k In vitro colony and cluster growth in haemopoietic 
dysplasia (the preleukemic syndrome). Scand J Haematol 24:412, 
1980 

16. Wang HC, Fedoroff S: Banding in human chromosomes 
treated with trypsin. Nature 235:52, 1972 

17. Caspersson T, Zech L, Johansson C, Modest EJ: Identifica- 
tion of human chromosomes by DNA-binding fluorescent agents. 
Chromosoma 30:215, 1970 

18. ISHCN: An international system for human cytogenetic 
nomenclature. Cytogenet Cell Genet 21:309, 1978 

19. Lennert K, Parwaresch MR: Mast cells and mast cell neopla- 
sia: A review. Histopathology 3:349, 1979 

20. Wurster-Hill D, Whang-Peng J, Mcintyre RO, Hsu LYF, 
Hischorn K. Modan B, Pisciotta AV, Pierre R, Balcerak SP, 
Weinfeld A, Murphy S; Cytogenetic studies in polycythemia vera. 
Semin Hematol 13:13, 1976 

21. Westin J, Wahlstrém J, Swolin B: Chromosome studies in 
untreated polycythemia vera. Scand J Haematol 17:183, 1979 

22. Swolin B, Weinfeld A, Waldenström J, Westin J: Cytogenetic 
studies of bone marrow and extra medullary tissues and clinical 


SWOLIN, RODJER, AND ROUPE 


course during metamorphosis of chronic myelocytic leukemia. Can- 
cer Genet Cytogenet 9:197, 1983 

23. Golomb HM, Alimena G, Rowley JD, Vardiman JW, Testa 
RJ, Sovik C: Correlation of occupation and karyotype in adults with 
acute non lymphocytic leukemia. Blood 21:309, 1982 

24. Tinegate H, Gaunt L, Hamilton PJ: The 5q — syndrome: An 
underdiagnosed form of macrocytic anaemia. Br J Haematol 54:103, 
1983 

25. Denburg JA, Telizyn S, Ahlstedt $, Olafsson JH, Roupe G, 
Bienenstock J: Basophil/mast cell precursors in mast cell prolifera- 
tive disorders. Clin Invest Med 19:21, 1986 

26. Nilsson B: Prohferation and differentiation of granulopoietic 
cells in chronic myeloid leukemia. Lund, 1985 (Thesis) 

27. Greenberg PL, Mara B: The preleukemic syndrome. Correla- 
tion of in vitro parameters of granulopoiesis with clinical features. 
Am J Med 66:951, 1979 

28. Denburg JA, Richardson M, Telizyn S, Bienenstock J: Baso- 
phil/mast cell precursors in human peripheral blood. Blood 61:775, 
1983 

29. Brunning RD, Parkin JL, McKenna RW, Risdal R, Rasai J: 
Systemic mastocytosis: Extracutaneous manifestations. Am J Surg 
Pathol 7:425, 1983 

30. Yoo D, Lessin LS: Bone marrow mast cell content in preleu- 
kemic syndrome. Am J Med 73:539, 19%2 

31. Chung SW, Wong PMC, Shen-Ong G, Ruscetti S, Ishizaka 
T, Eaves CJ: Production of granulocyte-macrophage colony-stimu- 
lating factor by Abelson virus-induced tumorigenic mast cell lines. 
Blood 68:1074, 1986 


elt 


Rearrangement of the T Cell Receptor y-Chain Gene in Childhood Acute 
Lymphoblastic Leukemia 


By Akio Tawa, Stephen H. Benedict, Junichi Hara, Nobumichi Hozumi, and Erwin W. Gelfand 


We analyzed rearrangements of the T cell receptor y-chain 
(T,) gene as well as rearrangements of the T cell receptor 
8-chain (Ts) gene and immunoglobulin heavy-chain (IgH) 
gene in 68 children with acute lymphoblastic leukemia 
{ALL}. All 15 patients with T cell ALL showed rearrange- 
ments of both T; and T, genes. Twenty-four of 53 non-T, 
non-B ALL patients (45%) showed T, gene rearrangements 
and only 14 of these also showed T, gene rearrangements. 
Only a single patient rearranged the T; gene in the absence 
of T, gene rearrangement. The rearrangement patterns of 
the T, gene in non-T, non-B ALL were quite different from 


He LYMPHOCYTES characteristically express 
distinct surface antigens and on this basis childhood 
acute lymphoblastic leukemia (ALL) has been subdivided 
into three major groups: T cell ALL, B cell ALL and non-T. 
non-B ALL based on the failure to express either T cell 
associated antigens, including the sheep erythrocyte receptor 
or surface immunoglobulin.’ Reactivities with several anti- 
bodies associated with cells of B lineage suggested that most 
non-T, non-B ALL are B cell in origin; this has been 
confirmed by studying rearrangements of immunoglobulin 
genes.”* Molecular cloning of the gene encoding the T cell 
receptor -chain (T,)’ has more recently provided additional 
Opportunities to study lineage commitment at the DNA 
level.*'° 

On the basis of such studies, doubt has been cast on the 
lineage specificity of Ig heavy chain (IgH) gene rearrange- 
ments for B cells''’ and the specificity of T, gene rearrange- 
ments in T cells. ®™ 4 Although exceptions to the rule are 
rare, there are nevertheless several descriptions of IgH gene 
rearrangement in T cell malignancies’? and acute 
myelogenous leukemia. >" Perhaps more striking was our 
finding that in 39 patients with non-T, non-B ALL who had 
rearranged IgH genes, ten had rearrangement of the T; gene 
as well.’ 

Lymphoblastic leukemia is regarded as a monoclonal 
expansion of lymphocytes at specific stages of differentia- 
tion. The analyses of Ig and T, gene rearrangements have 
offered new information about norma! lymphocyte differen- 
tiation.”*"*">'*) Recently, two groups isolated cDNA clones 
for the human T cell receptor y-chain (T,) gene and demon- 
Strated T, gene rearrangements in T cell lines and T cell 
malignancies.’ Some data suggest that T, genes are rear- 
ranged and transcribed in the very early stage of T cell 
differentiation before Ty genes, ™™ and T, transcripts have 
only been found in cytotoxic T cells,” Waldmann et al? 
reported that clonal T cells had rearranged T, genes, whereas 
the B cell populations, including those with T, gene rear- 
rangement, did not have rearrangement of this gene com- 
plex. To determine the lineage specificity of T, gene rearran- 
gements, we analyzed leukemic cells from 15 patients with T 
cell ALL and 53 patients with non-T, non-B ALL derived 
from cells of B lineage. We examined the relationship 
between surface antigen expression and, IgH, T,, and T, 
gene rearrangements, in order to determine whether the T, 
gene undergoes rearrangement before T; gene rearrange- 
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those observed in T cell ALL, as 20 of 23 patients retained 
at least one germline band of the T, gene. in contrast, all T 
cell ALL patients showed no retention of germline bands. 
These data indicate that rearrangement of the T, gene is 
not specific for T cell ALL. Further. the results also suggest 
that T, gene rearrangement precedes T; gene rearrange- 
ment. The combined analysis of rearrangement patterns of 
IgH, Ty, and T, genes provides new criteria for defining the 
cellular origin of leukemic cells and for further delineation 
of leukemia cell heterogeneity. 

© 1987 by Grune & Stratton, Inc. 


ment and to define specific rearrangement patterns in T cell 
and non-T, non-B ALL. 


METHODS 


Bone marrow cells. Bone marrow samples were obtained at the 
time of diagnosis and before initiation of treatment. Cell morphology 
was examined by Wright-Giemsa staining and cytochemistry. The 
percentage of leukemic cells in bone marrow samples was 85%, 
Mononuclear cells were separated by Ficoll-Hypaque gradient cen- 
trifugation. Analysis of cell surface markers using a panel of 
monoclonal antibodies, sheep erythrocyte-rosette formation and 
surface and cytoplasmic immunoglobulin were carried out as 
described previously.47"™ 

DNA preparation and Southern blot analysis. High molecular 
weight DNA was extracted from the mononuclear cells of each 
patient. DNA was digested with the restriction endonucleases 
EcoRI or BamHI. Digested DNA was size-fractionated by agarose- 
gel electrophoresis and transferred to nitrocellulose filters. The 
filters were hybridized to nick-translated or randomly primed YP- 
labeled probes.” 

Gene probes. The human IgH gene probe was an EcoRI frag- 
ment that contained the constant region of w (Cu, 1.3 kb EcoRI 
fragment). The Cy probe identified a 19 kb RamHi fragment’ in 
germline DNA. A Bglil-EcoRV fragment of the T; cDNA clone 
YT-35 was used as a T, constant region gene probe (C4, 0.8 kb 
Belll-EcoRYV fragment). The C8 probe detected a germline 24 kb 
BamHI fragment containing both 81 and 82 and LI kb and 4 kb 
EcoRI fragments containing 31 and 32, respectively.’ These probes 
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have been described elsewhere.*'* The T, constant region probe was 
a Psti-BamHI genomic fragment (0.3 kb) containing DNA located 
5’ to the BamHI restriction site in exon | of the Cyl gene and 
hybridizing to both Cyl and Cy2 (Fig 1). With EcoRI, the Cy probe 
recognizes 5.4 kb (Cyl) and 7 kb (Cy2) germline bands. Using 
BamHI, the Cy probe recognizes 21 kb and 15 kb for Cyl and Cy2, 
respectively. The Jy probe was a Hind IH-EcoRI genomic fragment 
(0.7 kb). The Jy probe recognizes Jy1.3 and Jy2.3" fragments of 
1.8 kb and 3.3 kb, respectively with EcoRI, and 21 kb and 15 kb, 
respectively, with BamHI. The Cy and the Jy probes recognized 
identical BamHI fragments. ®™” Cy germline clones were kindly 
provided by Drs T.H. Rabbitts and G. Matthyssens,"” YT-35 by Dr 
T.W. Mak,’ the Cy probe by Dr J.G. Seidman,” and the Jy probe by 
Dr T.H. Rabbitts.” 

There are at least five joining segment genes (Jy1.1, Jyl.2, Jyl.3, 
Jy2.1, and Jy2.3) and two constant region genes (Cy! and Cy2) in 
the human germline Ty genome.” Following EcoRI digestion, the 
Cy probe can recognize only the deletion of germline bands but can 
not detect a change of fragment size accompanying Ty gene 
rearrangement, since as shown in Fig 1, there are EcoRI restriction 
sites between Jy1.3 and Cyl as well as between J¥2.3 and Cy2.7” 
For this reason, estimates of non-germline configuration were con- 
firmed using the Jy probe. 

RESULTS 


We analyzed surface markers and DNA from cells of 68 
patients with ALL. Fifteen of 68 patients were diagnosed as 
having T cell ALL and the remaining 53 were classified as 
non-T, non-B ALL, based on studies using a panel of 
monoclonal antibodies, E-rosette formation, and staining for 
cytoplasmic and surface immunoglobulin. Among the 53 
patients classified as non-T, non-B ALL, three groups could 
be distinguished: CALLA-negative-ALL, 6 patients; CAL- 
LA-positive-ALL, 35 patients; and cytoplasmic u-chain- 
positive pre-B ALL, 12 patients. 

T cell ALL. Thirteen of the 15 T cell ALL patients 
demonstrated the normal germline configuration of the IgH 
gene; two patients had rearrangements of one allele and a 
germline configuration of the other, as described previous- 
ly.” Following BamHI and EcoRI digestion, all 15 DNA 
samples had rearrangements of the T, gene: nine patients 
had rearrangements of both alleles, and in six patients one 
allele was rearranged and the other deleted. Results of these 
studies are summarized in Table 1. 

Figure 2 shows the patterns of T, gene rearrangements in 
these 15 patients. Using the Cy probe, DNA samples from 
all T cell ALL patients were analyzed after EcoRI restric- 
tion endonuclease digestion. The normal germline configura- 
tion is shown in lane G (Fig 2A) asa 5.4 kb (Cy1) band and a 
7 kb (Cy2) band. None of the T cell ALL patients retained 
germline configuration of both alleles. The majority of 
patients (12 of 15) demonstrated deletion of the 5.4 kb band 
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Fig 1. A restriction map of the T, gene and the genomic Jy 
and Cy probes used in this study. E denotes EcoRi and B denotes 
Bamtil restriction sites. 
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Table 1. Surface Antigen Expression and Rearrangement 
Patterns of igH, Ta, and T, Genes in 15 Patients With T Cell ALL 
Surface Markera” T, Genet 


Patient No. Ti? 6 4 & 3. IgH Genet T, Genet EcoRI Bamtt 


pininana inert aA AAAA AA Er Aemene Wat SiAAAARAM AAR RAT DA AHIR Aa eA 


) o ~ - + R/G R/R 285 ND 
2 ZO - + 30 R/G R/R 1 2 
3 + 30 29 + + G R/R 1 3 
4 + 18 — 20 18 G R/R 1 Pi 
5 4 ~ 42 45 33 G R/R 1 2 
6 bodo a + 30 G R/R 1 2 
7 } 17 29 34 +4 G R/R 18 ND 
8 4 : a m- G R/R 1 Z 
9 + + 40 49 + G R/D 1 ND 
10 +o 44 19 - + G R/R 1 7 
11 + + 10 + 15 G R/D 2 3 
12 tooo o ăãă + 4&2 = G R/D 1 2 
13 4 — ; ~ G R/D 4 2 
14 + 30) - + - G R/D 1 z 
15 + + + + G R/D 2 3 


Abbreviation: ND, not determined. 

*A minus sign denotes < 10% positive cells and a plus sign >50% 
positive cells; numbers are specific percentages of positive cells, 

+G denotes germline, R/G one allele rearranged and one allele 
germline, R/R two alleles rearranged, R/D one allele rearranged and one 
allele deleted. 

t+Numbers denote rearrangement patterns observed with the Cy 
probe, as represented in Fig 2, and not bands of the same size. 

These patients were not evaluated with the Jy probe. 


and retention of the 7.0 kb band (lane 1). In three of 15 
patients, the intensity of the 5.4 kb band was sufficiently 
lower than the 7.0 kb banc (lane 2) to suggest deletion of one 
of the 5.4 kb bands. This was confirmed by densitometry of 
patient compared with contro! samples. Because the Cy 
probe can recognize only deletions using EcoRI, 11 of the 
patients were reevaluated using the Jy probe with EcoRI. 
Results with the Jy probe were entirely consistent with the 
Cy results. That is, samples that showed deletion of +1 with 
the Cy probe showed no y, germline with the Jy probe and 
the number of rearranged bands identified by the Jy prebe 
was the same as seen with a BamHI cut and the Cy probe. 
Two (patients no. 11 and 15) of the three patients showing 
single allele deletion of y, with the Cy probe and EcoRI were 
re-examined with the Jy probe. Both patients showed reten- 
tion of germline band and a single rearranged band presum- 
ably ya. 

Following BamHI digestion of normal cell DNA and 
hybridization with the Cy probe, the germline configuration 
consists of two bands, 21 kb and 15 kb (Fig 2B, lane G). In 
each of 12 T cell ALL samples digested with BamHI, one of 
three patterns demonstrated in Fig 2B was observed and the 
rearrangement patterns are summarized in Table |. Lane | 
(Fig 2B) shows one rearranged band; one patient had this 
pattern. Eight patients had two rearranged bands (lane 2), 
and three patients (patients no. 3, 11, and 15) had three 
rearranged bands (lane 3). An EcoRI cut probed with the Jy 
probe showed a singe rearranged y2 band in these patients. 
Analysis of the T, locus also did not show three non-germline 
bands. The observation of three non-germline bands using 
BamHI and the Cy probe is therefore of interest. Extra 
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Fig 2. The rearrangement patterns of T, gene in T 
cell ALL patients (identified in Table 1). (A) EcoRI diges- 
tion. Lane G shows the germline control, lane 1 the 
sample from patient no. 4, and lane 2 the sample from 
patient no. 15. (B) BamHI digestion. Lane G shows the 
germline control, lane 1 the sample from patient no. 10, 
lane 2 the sample from patient no. 4, and lane 3 the 
sample from patient no. 15. The germline positions 
obtained on the same gel with control DNA are indicated 
by lines and rearranged bands are indicated by arrows on 
the gels. The gels are not aligned because the studies 
were carried out at different times. Blots were probed 
with the CY probe. 


bands of this nature usually suggest polymorphism of the 
DNA, clonal evolution of the leukemia, or that the leukemic 
cells had an abnormal karyotype. Karyotypic analysis was 
not available for these patients. Since EcoRI separates Jy1.3 
and Jy2.3 from the other Jy loci,” it is possible that Jy1.1, 
Jy1.2, Jy2.1, or some as yet described Jy locus was involved 
in the non-germline band detected by BamHI. 

Non-T, non-B ALL. All 53 DNA samples from patients 
in the non-T, non-B ALL group showed rearrangements of 
the IgH gene. Fifteen of 53 DNA samples showed rearrange- 
ment of the T; gene following BamHI and EcoRI digestion. 
We analyzed 39 patients’ DNA for Ty gene rearrangement 
after both EcoRI and BamHI digestion, ten after only 
BamHI digestion, and four after EcoRI digestion using the 
Cy probe. The rearrangement patterns following EcoRI 
digestion are shown in Fig 3A. Of the 43 samples analyzed, 
30 demonstrated germline configuration (Fig 3A, lane G). 
Three patients showed complete deletion of the 5.4 kb band 
(lane |), whereas in eight patients a 5.4 kb band of decreased 


a) b) 
G 1 2 3 G 
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intensity relative to control was detected (lane 2) suggesting 
deletion of one of the 5.4 kb bands. In two patients a third 
pattern not observed in T-ALL was demonstrated consisting 
of a 7.0 kb band of decreased intensity compared with that of 
the 5.4 kb band (lane 3), suggesting deletion of one of the 7.0 
kb Cy2 bands. Such a deletion might suggest chromosomal 
abnormality. 

Figure 3B shows the patterns of T, gene rearrangement 
after BamHI digestion. Twenty-six of 49 samples analyzed 
retained the germline configuration (Fig 3B, lane G). In the 
remaining 23 patients, six different patterns of rearrange- 
ment were observed. Two patients had a single rearranged 
band (lane 1) and one patient showed two rearranged bands 
without germline bands (lane 2). Four patients manifested 
two rearranged bands with a 15 kb Cy2 germline band (lane 
3). As illustrated for the patients in lanes | through 3, the 
rearranged band in each case was ~18 kb. Five patients 
demonstrated one rearranged band accompanied by both 2! 
kb and 15 kb germline bands (lane 4). Ten patients had one 








sè 
oe 7 


H | 


Fig3. The rearrangement patterns of T, gene in non-T, non-B ALL patients (identified in Table 2). (A) EcoRI digestion. Lane G shows 
germline configuration and represents the sample from patient no. 35, lane 1 from patient no. 26, lane 2 from patient no. 38, and lane 3 
from patient no. 33. (B) BamHI digestion. Lane G shows germline configuration and represents the sample from patient no. 40 (not shown 
in Table 2), lane 1 from patient no. 25, lane 2 from patient no. 27, lane 3 from patient no. 20, lane 4 from patient no. 35, lane 5 from patient 
no. 19, and lane 6 from patient no. 18. The germline positions obtained on the same gel with control DNA are indicated by lines and 
rearranged bands are indicated by arrows on the gels. The gels are not aligned because the studies were carried out at different times. 


Blots were probed with the Cy probe. 
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rearranged and one germline band (lane 5). Only one patient 
had the pattern shown in lane 6, namely, one 15 kb Cy2 
germline band with deletion of the 21 kb Cyl band. DNA 
samples from 27 patients were hybridized with the Jy probe 
following BamHI digestion. Identical results were obtained. 

Overall (Table 2), we observed T, gene rearrangement in 
24 of 53 (45%) non-T, non-B ALL patients. Twelve (of 39) 
samples showed non-germline configuration of the T, gene 
after both EcoRI and BamHI digestion. In eight patients 
who manifested a rearranged band following BamHI diges- 
tion, there was a germline configuration following EcoRI 
digestion (indicating rearrangement in Cy1). One patient (of 
four) analyzed following only EcoRI digestion and two (of 
ten) patients following only BamHI digestion showed T, 
genes in a non-germline configuration. Following BamHI 
digestion, the germline bands identified by the Cy probe are 
quite large and this size could mask small rearrangements. 
For this reason, EcoRI cuts of 27 cases were probed with the 
Jy probe.” No additional rearrangements were found. 
Twelve patients that were germline using the Cy probe for 
EcoRI and BamHI cuts were re-examined with the Jy probe 
and found to be germline (not shown). Fifteen patients 
(designated in Table 2) who were found to be rearranged 
with BamHI and/or deleted using EcoRI and the Cy probe 
were re-examined with the Jy probe. In 13 of these cases, the 
same number of rearranged bands seen with BamHI and the 


Table 2. The Rearrangement Patterns of IgH, T}, and T, Genes 
in 24 Non-T, Non-B ALL Patients 

















T, Genet 
Patient No.* igh Gene T; Gene EcoRI BarmHi 
16ł R/R G G 5 
17 R/G R/R G 5 
18 R/R R/D G 6 
194 R/R G 2 5 
20 R/D R/R G 3 
214 R/G G G 4 
22+ R/R R/G G 5 
23+ R/D R/G G 5 
24 R/R G G 5 
25 R/D R/G 1 1 
26ł R/G R/G 1 1 
27+ R/R G 1 2 
28ł R/D R/D 2 3 
29ċł R/G R/R 2 3 
30+ D/D R/D 2 5 
31 R/G R/R 2 ND 
32 R/D G 3 4 
33 R/G R/R/G 3 5 
34t R/R G ND 4 
35+ R/R G G 4 
2 36t R/G R/G 2 3 
37 R/R G 2 5 
38t R/D R/G 2 5 
39+ R/D G ND 4 








*Patients no. 16-19, CALLA-negative ALL: patients no. 20-34, 
CALLA-positive ALL; patients no. 35-39, pre-B ALL. 

+Numbers denote specific patterns observed with the Cy probe, as 
represented in Fig 3, and not sizes of bands. 

¢Patients that were also evaluated using the Jy probe. 
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Cy probe was observed with EcoRI and the Jy probe thus 
confirming the results in Table 2. Figure 4 presents represen- 
tative results of these studies. Using EcoRI and Cy probe, 
patient 27 was found (Table 2) to have deleted both y; alleles 
and using BamHI, two rearranged bands were observed, 
presumably y, In Fig 4, lane 1, these results were confirmed 
using EcoRI and the Jy probe; two rearranged bands were 
observed. Faint germline bands were contributed by contam- 
inating nonleukemic cells. Patient no. 36 was found (Fig 3, 
Table 2) to have deleted a single y, allele using the Cy probe 
and EcoRI, and to have two rearranged bands (presumably 
one y; and one y;) using BamHI. In lane 2 of Fig 4, patient 
no. 36 had two rearranged bands and a y, band retained, the 
same as with BamHI. Patient no. 39 was not previously 
examined with the Cy probe and EcoRI. However, using the 
Cy probe and BamHI we observed y, and y, in germline and 
one rearranged band (Table 2). These results were confirmed 
(Fig 4, lane 3) using the Jy probe and EcoRI. In two patients 
(patients no. 21 and 35) with BamHI rearrangements, no 
rearrangement was seen using the Jy or Cy to probe an 
EcoRI cut. This suggests usage of Jyl.l, Jy1.2," or 
unknown Jy! loci that may be located upstream of Jy1.3.” 
Of the 24 patients with T, gene rearrangement, 14 (26%) 
also showed rearrangements of the T, gene. Among the 29 
patients who showed a germline configuration of the T, gene, 
28 were also in germline for the T, gene. There was one 


G 1 2 3 





Fig 4. Rearrangement patterns of the T, gene examined with 
the Jy probe in non-T, non-B ALL. DNA was digested with EcoRi 
and blots probed with the Jy probe. Lane G shows the germline 
bands of 3.3 Kb (y,}) and 1.8 Kb (y,). Representative patients 
presented were patient no. 27 (lane 1), patient no. 36 (lane 2}, and 
patient no. 39 (lane 3). 
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patient, a single exception, who demonstrated a rearrange- 
ment of one allele and deletion of the other allele of the T, 
gene, but with retention of the germline configuration of the 
T, gene after both EcoRI and BamHI digestion. The 
patterns of T; and T, gene rearrangement in this patient 
were identical when DNA was studied both at the time of 
diagnosis and several months later at the time of relapse. 


DISCUSSION 


We analyzed leukemic cell DNA from 68 children with 
lymphoblastic leukemia for IgH, Ts, and T, gene rearrange- 
ment. All 15 patients with T cell ALL showed rearrange- 
ments of both the T, and T, genes. Thus, as reported 
previously for T, gene rearrangements in T cell ALL,*"° T, 
gene rearrangements are also characteristic for T lineage 
celis. The patterns of rearrangement did not correlate with 
any particular pattern of T cell antigen expression. However, 
just as rearrangements of the T, gene are not restricted to 
cells of T lineage,'*'*'® we now show that rearrangement of 
the T, gene is similarly not restricted to cells of T lineage.” 
In the present study, 38% of the 68 patients examined with 
ALL had both IgH and T, gene rearrangement and 24% had 
both IgH and T, gene rearrangements. 

Three separate studies have shown that 8% to 11% of 
lymphoid malignancies demonstrate both IgH and T; gene 
rearrangement.'*!*!© This combination of immunoglobulin 
and T cell receptor gene rearrangement may be a result of 
neoplastic transformation or may occur during normal lym- 
phocyte differentiation. Several studies reporting IgH gene 
rearrangement and expression in mouse thymocytes and 
lymphocytes™”* suggest that this combined gene rearrange- 
ment may occur in normal cells. In this case, the combined 
gene rearrangement may reflect common molecular mecha- 
nisms leading to immunoglobulin and T cell receptor gene 
rearrangement. This concept is consistent with the observa- 
tion that immunoglobulin heavy and light chain gene seg- 
ments and T cell receptor p gene and y gene segments have 
similar recombination recognition sequences,” and with 
the evidence” indicating that both B and T cells use a 
common recombinase system in the mouse. If this concept 
applies to human lymphoid tumors, a common recombinase 
may lead to rearrangement of both immunoglobulin and T 
cell receptor genes in lymphoid malignancies. 

There are two constant region genes (Cy1 and Cy2) in the 
human germline T cell receptor y-chain genome.”*! Based 
on recent studies, ™™® constant region probes recognize 5.4 
kb and 7.0 kb EcoRI germline fragments containing Cy] 
and Cy2, respectively and also identify 21 kb and 15 kb 
BamHI germline fragments containing Cyl and Cy2, 
respectively. In 15 T cell ALL patients, 12 had no 5.4 kb 
EcoRI fragment containing Cy1, and the other three proba- 
bly had only one Cy1 allele, judged by the intensity of the 5.4 
kb band. Moreover, all T cell ALL samples digested with 
BamHI did not contain any of the two germline fragments 
containing Cyl and Cy2. These results suggest that in the 
majority of T cell ALL, T, genes have undergone rearrange- 
ment to the y? gene of both alleles. Quertermous et al 
reported that most T cell malignancies showed biallelic Cyl 
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deletion with EcoRI digestion and had no germline band 
hybridized to a J region probe with EcoRI digestion.“ Our 
results are consistent with these findings. 

Surprisingly, 45% of non-T, non-B ALL patients rear- 
ranged the T, gene and similar to our previous study, 26% 
rearranged the T, gene." Among the 24 non-T, non-B ALL 
patients with T, gene rearrangement, only three (patients 
no. 25, 26, and 27) showed the same rearrangement patterns 
as those observed in T cell ALL. The other patients retained 
a 15 kb germline band containing Cy2 with BamHI digestion 
and five patients (patients no. 21, 32, 34, 35, and 39) had two 
germline bands indicating at least one allele in germline 
configuration. The intensity of the germline band argued 
against the possibility of its being due to contamination by 
normal cells. In addition, 17 of 20 patients had no residual 
germline bands of IgH or T, genes. Our data and those of 
others” suggest that biallelic y* rearrangement is character- 
istic for T cell ALL and retention of germline y? is the rule in 
non-T, non-B ALL. 

Most B lineage malignancies have both IgH gene alleles 
rearranged™® and almost all T lineage cell malignancies 
show biallelic Tą gene rearrangement.”'®’® In contrast, B 
lineage malignancies with rearrangement of both alleles of 
the T, gene, or T lineage cell malignancies with rearrange- 
ment of both alleles of the IgH gene are rare; in most cases, 
there is one residual germline allele of the IgH or T, 
gene.''-!3!51632 The rearrangement patterns for these three 
genes in our 68 patients are summarized in Table 3. These 
data indicate the difficulty in assigning lineage based solely 
on the rearrangement pattern of a single gene. As illustrated 
in Table 3, the further examination of three rearranging 
genes indicate the complex heterogeneity of childhood ALL. 

Some reports have suggested that the rearrangement and 
transcription of T,, Ts, and T cell receptor a chain genes 
during T cell ontogeny is sequential.*>*** To determine 
whether T, gene rearrangement precedes T, gene rearrange- 
ment, we analyzed the relationship between T, and T; gene 
rearrangement in 68 ALL patients. All 15 T cell ALL 
patients and 14 of 53 non-T, non-B ALL patients showed 
rearrangements of both T, and T; genes, and 28 of 53 non-T, 


Table 3. Rearrangement Patterns of igi Geno, T, Gene, and 
T, Gene in 68 Patients with ALL 


T Call ALL Non-T, Non-8 ALL 

IgH Gene G* 13 0 
G/R 2 12 
R 0 41 

G/R 0 7 i 
R 15 8 
T, Genet G 0 29 
G/R 0 20 
R 14 3 


*G denotes germline configuration, G/R, rearrangement with a germ- 
ine aflefa, and R, rearrangamment without a germiine allele. 

{Patients no. 1 and 31 were not Included, since T, gene rearrange- 
ment was not analyzed following BamHI digestion. 
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non-B ALL patients showed germline configuration of both 
genes. Ten non-T, non-B ALL patients with germline config- 
uration of the T, gene showed rearrangements of the T, gene, 
and there was only one patient who showed germline configu- 
ration of the T, gene and rearrangement of the T, gene. It is 
possible that non-T, non-B leukemic cells are not appropriate 
for drawing conclusions about T cell gene rearrangements in 
normal cells. Nevertheless, these results are similar to the 
observations of others?*** and are consistent with the hypoth- 
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esis that the T, gene undergoes rearrangement before rear- 
rangement of the T, gene. 
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In Vitro Interaction of Recombinant Tumor Necrosis Factora and 
All-Trans—Retinoic Acid With Normal and Leukemic Hematopoietic Cells 


By Andreas Tobler, Reinhold Munker, Daniel Heitjan, and H. Philip Koeffler 


Both human recombinant tumor necrosis factor alpha 
(TNFa) and all-trans—retinoic acid (RA) inhibit the in vitro 
clonal growth of human myeloid leukemic cells. We investi- 
gated the in vitro interaction of TNFa and RA with normal 
and a variety of leukemic myeloid cells. With the promyelo- 
cytic HL-60 cells, TNFa (22.5 U/mL) in combination with 
RA synergistically inhibited clonal growth; TNFa at lower 
concentrations (<1 U/mL) plus RA (10°* mol/L) were 
antagonistic in their inhibition of growth. The ability of RA 
{10°° mol/L) plus TNFa (2.5, 5 U/mL) to enhance differen- 
tiation of HL-60 cells paralleled their ability to inhibit clonal 
growth of these cells. In addition, RA (10° to 10°” mol/L) 
increased the number of TNFa receptors on HL-60 cells 
1.3- to 1.7-fold without changing the affinity for the TNFa 
receptor. With the more immature KG-1 myeloblasts, 
concentrations of TNFa >10 U/mL synergistically inter- 


UMOR NECROSIS factor alpha (TNFa) is a protein 
produced by myeloid cells. The TNFa was originally 
identified in the serum of endotoxin treated mice who were 
previously sensitized with bacillus Calmette-Guerin.’ 
Human and murine TNFa recently have been purified, and 
the genes coding for these cytokines have been cloned and 
expressed." Initial in vitro studies suggested that TNFa 
might be preferentially cytotoxic to certain malignant cells 
as compared with their normal counterpart (for a review, see 
ref. 5). We and others recently demonstrated that low 
concentrations of human recombinant TNFa effectively 
suppressed clonal growth in soft agar of cells from a variety 
of human myeloid leukemic cell lines and leukemic cells from 
patients.°* In contrast, in the presence of granulocyte-macro- 
phage colony stimulating factor (GM-CSF) clonal growth of 
normal human myeloid progenitor cells (GM-CFC) was 
inhibited only at much higher concentrations.’ Studies 
further revealed that TNFa induces HL-60 to differentiate 
towards monocytes /macrophages.°"'""? 

Retinoids in vitro effectively inhibited clonal growth and 
induced differentiation of myeloid leukemic cells harvested 
from patients and cell lines." By contrast, retinoids stimu- 
lated clonal growth of normal human myeloid progenitor 
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acted with RA to inhibit clonal growth; at lower concentra- 
tions of TNFa (<10 U/mL), RA appeared to inhibit the 
expected effect of TNFa. KG-1 cells were not induced to 
differentiate with either agent alene or in combination. 
With four of nine leukemic patients. TNFa in combination 
with RA (1077 mol/L) inhibited leukemic clonal growth to a 
greater extent than each agent alone. No marked effect of 
the combined treatment was seen in two other patients. 
The RA reversed the inhibitory action of TNFa on normal 
human granulocyte-macrophage colony forming cells (GM- 
CFC) and on clonal growth of leukemic cells from three 
patients. Our study suggests that TNFa and RA interact in 
a complex manner with normal and leukemic hemato- 
poietic cells. 

e 1987 by Grune & Stratton, Inc. 


cells.'*'® A logical extension of these studies was to investi- 
gate the combined in vitro effect of all-trans—retinoic acid 
(RA) and TNFe on clonal proliferation and differentiation 
of both human myeloid eukemic cells and normal human 
GM-CFC, 


MATERIALS AND METHODS 


Chemicals. The RA was a generous gift from M. Sherman 
(Hoffmann-La Roche, Inc, Nutley, NJ), Stock solution of 2.5 x 
10°? mol/L RA was prepared in 100% ethanol and stored at — 20°C 
under a nitrogen atmosphere for no longer than 14 days. Before use, 
dilutions were made in phosphate-buffered saline (PBS) to the final 
concentrations of | x 10°’ te 1 x 10°? mol/L. The concentrations of 
ethanol (<0.04%) had no influence on colony formation in control 
plates as compared with culture plates not containing ethanol. All 
experiments were performed in subdued light. The TNFa was 
generously provided by Dr M. Shepard (Genentech Inc, San Fran- 
cisco). The stock solution (| mg corresponds to 3.7 x 10’ Us 1 U 
corresponds to 27 pg) was kept at 4°C in a sealed container. Before 
use, TNFa was diluted in alpha medified minimum essential 
medium (Flew Laboratories, Inc, Rockville, MD) plus 10% fetal calf 
serum (FCS) (irvine Scientific, Santa Ana, CA) to final concentra- 
tions of 10,000 to 0.5 U/mL. 

Cell preparations. The human myeloid cell lines HL-60 (pas- 
sage 35, mean doubling time 32 hours}'® and KG-1 (passage 30, 
mean doubling time 48 hours)” were maintained in culture T flasks 
(Miles Lab. Naperville, IL) containing alpha medium and 10% 
FCS. The cells were incubated in a humidified atmosphere with 7% 
CO,. The medium was changed twice a week. All experiments were 
performed in the logarithmic growth phase of the ceils. Normal 
human bone marrow cells were obtained from informed, healthy 
volunteers. Likewise, peripheral blood or bone marrow samples from 
leukemia patients were obtained after informed consent. The bone 
marrow or peripheral blood cells were layered over Ficol-Hypaque 
(density 1.077 g/mL) (Sigma Chemical Co, St Louis) and centri- 
fuged for 40 minutes x 450 g. The light density, mononuclear cell 
fraction was washed twice in PBS and resuspended in alpha medium 
plus 10% FCS. Leukemia cells from all patients with chronic 
myelogenous leukemia (CML) contained the Philadelphia chromo- 
some. 

Colony formation assay by two layer agar technique. The 
colony formation assay was performed as previously described. 
Briefly, an underlayer was plated in bmi portions in 35-mm petri 


Blood, Vol 70 No 6 (December), 1987: pp 1940-1946 





TNF œ AND ALL-TRANS RA INHIBIT HMLC 


dishes (Miles) containing 0.5% agar, alpha medium, 16% FCS and 
the various additives (TNFa, RA), and CSF. As a source of CSF, 
conditioned medium (CM) obtained from a human T lymphocyte 
cell line (Mo) (Mo-CM) was used at concentrations of 1.5% to 
2.5%."' The overlayer (1-mL) contained cells, alpha medium, 16% 
FCS, antibiotics and 0.3% agar. The HL-60 promyelocytic leukemia 
cells form colonies without CSF. The KG-1 myeloblastic leukemia 
cells (early passage), normal human bone marrow and leukemic cells 
from patients required CSF for clonal growth. The culture dishes 
were incubated at 37°C in a humidified atmosphere with 7% CO, for 
ten to 13 days. Colonies (>40 cells) were counted using an inverted 
microscope. 

Cytochemistry. For nitroblue tetrazolium reduction (NBT), a 
total of 1 x 10° cells/mL were incubated in an equal volume of 1.25 
mg NBT (Sigma), 17 mg bovine albumin (Sigma), and 107° mol/L 
12-0-tetradecanoylphorbol |3-acetate (Consolidated Midland, New 
Rochelle, NY) in alpha medium plus 10% FCS for 30 minutes at 
37°C. Cytospin slides of the cells were stained with safranin (Difco 
Laboratories, Inc, Detroit) and the number of cells containing 
reduced blue black formazan deposits was counted.'* For a-naphtyl 
acetate esterase (ANAE) the cells were stained according to routine 
hematologic methods,” kindly performed by Dr F. Naeim (Depart- 
ment of Pathology, UCLA). Morphology was assessed by Giemsa 
Staining. In each of the various experiments at least 200 cells were 
examined. Cell viability was >90% in all experimental procedures, 
as determined by trypan blue exclusion. 

Monoclonal antibodies, indirect immunofluorescence. The 
monocional antibodies anti-leu-M3 and Y2FITC (mouse lgG2) 
were obtained from Becton-Dickinson (Mountain View, CA), Anti- 
leu-M3 reacts with 70% to 90% of normal human peripheral blood 
monocytes and has marginal reactivity with peripheral blood granu- 
locytes. Y2FITC was used as isotypic control to define background 
Staining. Analyses were performed on EPICS C flow cytometer 
(Coulter Electronics, Hialeah, FL), as described.” 

Binding of '*1-TNFa by HL-60 cells. The TNFa was iodinated 
by the lodogen method as described. Briefly, 10 ug of purified 
recombinant protein was incubated for ten minutes at 4°C in an 
lodogen (Pierce, Rockford, IL) coated glass tube with | mCi of 
""1-TNFa (Amersham Corp, Arlington Heights, IL), Free iodide 
was separated from TNFa on a Sephadex G-25 column. The HL-60 
cells were incubated with ‘*I-TNFa (i0* to 9 x 10° cpm) at 23°C 
for 90 minutes in alpha-medium, 10% FCS, and 20 mol/L Hepes 
(Sigma), washed extensively and the cell pellets counted in a 
Beckman gamma-counter. Previous experiments by us showed that 
at 23°C the peak of specific binding was reached at 45 minutes.” 
Nonspecific binding was determined by incubating the cells with a 
100-fold excess of unlabeled TNFa. The specific activity of 
'1-TNFa was determined with a self-displacement experiment in 
which KG-I cells were incubated with 0.4 to 10 ug unlabeled TNFa 
in the presence of 4 x 10* — 5 x 10° cpm '™*I-TN Fa and found to be 
4.2 x 10° cpm/ug. Scatchard curves, the receptor number per cell 
and the affinity constants of binding were calculated with a 
computer program as described.** Under reducing conditions, iodin- 
ated recombinant TNFa gave a single band of the approximate mol 
wt of 17,000 on a 12% SDS-PAGE gel.™ Under nonreducing 
conditions and longer exposure an additional faint band at ~34.000 
daltons was observed (<2% of the intensity of the 17,000 band), 
indicating that little TNFa aggregates in vitro. Further, iodinated 
TN Fe retained for over 2 months its biologic activity as measured by 
the inhibition of colony formation of HL-60 cells. 

Statistical methods. Dose response curves were fit for each 
target (HL-60, KG-1 cells) and for each anti-tumor drug (RA, 
TNFa) by weighted least squares logistic regression. ®? At each 
percent inhibition, we computed a combination index (CH) for the 
additive (mutually exclusive binding) model using the method of 
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Chou and Talalay.” We computed a standard error for C] (SEICH) 
using the delta method.” Drug combinations resulting in a given 
percent inhibition were said to be synergistic if CI + SE(CD < I, 
antagonistic if CI-SE(CI) > 1, and additive if C} + SE (CH) = 1 
Cooperation between the drugs was also assessed by computing the 
fractional inhibitory concentration and its SE for each test concen- 
tration. These computations were based on the isobol method as 
described.” The effect of adding RA to TNFa compared with TNFa 
alone in the leukemic patients was assessed by fitting a model linear 
in the logs of the data. Significance was determined by comparing 
the effects to its standard error, which results in normal z statisties. 


RESULTS 


We examined the effect of the combination of TNFa (0.5 
to 100 U/mL) and RA (107°, 10°? mol/L) on clonal growth 
of the HL-60 promyelocytic cell line (Fig 1A). The TNFa 
and RA showed a dose-dependent interaction. Statistica] 
analyses of the data (see Materials and Methods} showed 
that concentrations of TNFa = 2.5 U/mL in combination 
with RA (10°*, 10°? mol/L) synergistically inhibited clonal 
growth of HL-60 cells. Evidence for an antagonistic interac- 
tion of TNFa and RA was observed at TNFa concentrations 
up to | U/mL when combined with 10°° mol/L RA. Similar 
interpretations of the results were obtained when the isobo! 
method of analysis was applied. 

In an attempt to determine possible mechanisms of this 
enhanced inhibitory effect of TNFa and RA in HL-60 cells. 
several experiments were performed. The ability of TNFa 
plus RA to induce differentiation of HL-60 to mature cells 
was studied by examining the capability of these cells to 
reduce NBT (Fig 1B). At the concentrations tested (5 and 
2.5 U/mL for six days), TNFa alone induced a mean 24% + 
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Fig 1. (A) Dose response curves of inhibition of clonal growth 
of HL-60 cells by TNFa and RA. The cells were incubated with 
different concentrations of TNFa without (O) or with RA 10°° 
mol/L (W) or 10°° mol/L (3). Results are expressed as a mean 
percentage (+SD) of clonal growth inhibition in culture dishes 
containing the additives as compared with the control plates 
without additives. Three independent experiments were per- 
formed with triplicate dishes per point. Control plates contained a 
mean of 226 to 353 colonies per 1.5 x 10° plated cells. (B) Effect 
of TNFa and RA on induction of differentiation of HL-60 cells as 
measured by NBT reduction, Celis were incubated six days with 
different concentrations of TNFa and/or RA, harvested, and 


three independent experiments done in duplicate flasks. 1. control 
{no TNFa, no RA); 2, RA (10° mol/L); 3, TNFa (5 U/mL}: 4, TNFa 
(2.5 U/mL); 5, TNFa (5 U/mL) plus RA (107° mol/L): 6, TNFa (2.5 
U/mL) plus RA (10°* mol/L). 
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6% (+SD) and 16% + 4% (+SD) of the HL-60 cells to 
reduce NBT, respectively. The RA alone (107° mol/L) 
induced differentiation of a mean 34% + 3% (+SD) of 
HL-60 cells. Exposure of HL-60 cells for six days to TNFa 
(5 U/mL) plus RA (107° mol/L) significantly (P < .001) 
increased the number of these cells that reduced NBT (mean 
59% + 8% [+SD]) compared with the effect of each agent 
alone (mean 24% + 6% [+SD] and 34% + 3% [+SD} for 
TNFa and RA, respectively). Absolute numbers of HL-60 
cells of one representative experiment were (x 10°/mL): 
control, 1.2; TNFa 5 U/mL, 0.6; TNFa 2.5 U/mL, 0.85; 
RA (10 * mol/L), 0.75; TNF 5U/mL plus RA, 0.4; TNF 2.5 
U/mL plus RA, 0.5. Lower concentrations of TN Fe (0.5, 1.0 
U/mL) in combination with RA (107° mol/L) showed no 
increase in the number of NBT positive cells, as compared 
with cells treated with RA alone; and TN Fe alone showed no 
effect on NBT reduction at these concentrations (data not 
shown). 

To determine the pathway of differentiation, HL-60 cells 
were exposed to TNFa plus RA (5 U/mL and 10°” 
mol/L x 6 days, respectively) or to each agent alone (Table 
1). Morphologically, 17% of the cells treated with RA alone 
showed granulocytic like differentiation; TNFa in combina- 
tion with RA increased the number of differentiated cells to 
62% with 20% of the cells showing morphological features of 
granulocytic-like cells and 42% having metamyelocytic- or 
monocytic-like appearance. In the presence of TNFa alone, 
12% of the celis showed monocytic-like differentiation. No 
adherence was observed in cells treated with either TNFa 
alone or TNFa plus RA. Cytochemical analyses revealed 
that exposure to TNFa plus RA increased the number of 
ANAE positive cells to 35%, as compared with 15% ANAE 
positive cells when treated with TNFa alone, respectively. 
Fifteen percent of these cells (cultured with TNFa plus RA) 
were morphologically differentiated but were ANAE nega- 
tive. Cytofluometric analyses showed that the combination of 
RA and TNFe increased the percentage of HL-60 cells 
expressing leu M3 (antigen expressed on monocytes but not 
granulocytes) to 24%, as compared with 15% and <2% in 
cells treated with TNFa or RA, respectively. Together, these 
results suggest that HL-60 cells when cultured with RA plus 
TNFa differentiate towards a mixed population of mono- 
cytic- and granulocytic-like cells. 

The effect of RA on the expression of the TNFa receptors 
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Table 2. Binding Characteristics of '°1-TNF 
æ on HL-60 Cultured With RA 
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No. of Receptors/Cell K, of TNF Receptors 
RA-dose Experiments {Mean + SD) (pmol/t) 
Q n= 3 775 2 39 42 +6 
10° mol/L n= 1 999 46 
10° *mol/L n= 2 1201 + 208* 64 + 15 
10° "mol/L ne 1338 54 
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HL-60 cells were cultured for five days in the presence of various 
concentrations of RA and then assessed for specific TNFa binding as 
described in Materials and Methods. 

*P < .05 (determined by Student's t test). 


by HL-60 cells was examined as measured by the binding of 
°1-labeled recombinant human TNFa (Table 2 and Fig 2, 
for a representative Scatchard plot). The HL-60 cells were 
incubated for five days with several concentrations of RA 
(10°* to 107” mol/L) and number of TN Fa receptors per cell 
was determined. The wild type HL-60 cells expressed a 
single class of high affinity receptors (mean 776 + 40 [+SD] 
receptors with a Kp binding affinity of 42 pmol/L). The RA 
increased expression of the number of TNFa receptors 
without a marked change in the affinity constants of binding 
of TNFa (2.3-, 1.6-, and 1.7-fold increase for cells cultured 
with 107° mol/L, 10 mol/L, and 10°’ mol/L RA, respec- 
tively as compared with wild-type HL-60 cells). 

The effect of clonal growth of the combination of TN Fe (1 
to 1,000 U/mL) and RA (10°* mol/L) was. further studied 
using cells of the human myeloblastic line, KG-1, which are 
more immature than HL-60 cells and do not undergo differ- 
entiation in the presence of RA" (Fig 3). Clonal growth of 
KG-1I cells in early passages is dependent on CSF.” The 
KG-! cells were less sensitive than HL-60 cells to the 
inhibitory action of TNFa (50% clonal inhibition [ED.o] at 
15 U/mL for KG-1! cells as compared with 3.5 U/mL for 
HL-60 cells). By contrast, KG-1 cells were more sensitive 
than HL-60 cells to inhibition of growth by RA (ED. 4 x 
10°? mol/L and 1 x 10% mol/L, respectively).'* The 
combination of TN Fe and RA resulted in various effects on 
clonal growth of KG-1 cells. The TNFa showed synergism 
with RA (10°* mol/L) in the inhibition of clonal growth enly 
at concentrations =10 U/mL. At lower concentrations of 
TNFa (<10 U/mL), the two agents were antagonistic in 
their inhibition of clonal growth of KG-1 cells. The TNFa 


Table 1. Differentiation of HL-60 Cultured With TNFa and RA 


Treatment (6 d) 
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RA TNFa No. of Celis Morphology ANAE Leu- M3 
{107f mol/L) (5 U/ml) {x 10°/mL) {Percent Differentiated Cells} (Percent Positive Cells) {Percent Positive Cells) 
e = = 1.4 st <1 <2 
5 0.9 V7" < <2 
i + 0.9 12+ 15 15 
+ + 0.7 62} 35 24 
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HL-60 ceils were cultured for six days with TNFa and/or RA and analyzed as described in Materials and Methods. Similar results were obtained in 


three independent experiments. 


Abbreviations: ANAE, a-naphthylacetate esterase; RA, retinoic acid; TNFa, recombinant tumor necrosis factor «. 


*Granulocytic-like cells. 
+Monocytic-like cells. 


{Twenty percent granulocytic-like cells; 42% with metamyelocytic or monocytic features. 
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Fig 2. Scatchard plot of specific TNFa binding to HL-60 cells. 
HL-60 cells were cultured for five days either in the presence of RA 
(10° mol/L (@) or in the absence of RA (control) (O). 0.8 x 10° 
cells were then incubated with 10,000 to 900,000 cpm of *I- TNFa 
for 90 minutes at 23°C. Correlation coefficients were R = 0.986 for 
the control samples, and R = 0.980 for the RA-treated samples. 


(2.5, 5.0 U/mL) and RA (107° mol/L) alone or in combina- 
tion were not able to induce differentiation of KG-1 cells as 
determined by morphology and NBT-reduction (data not 
shown). 

Diverse responses on clonal growth of leukemic cells 
freshly obtained from patients were observed when combina- 
tions of TNFe (1 to 10,000 U/mL) and RA (1077 mol/L) 
were tested (Fig 4). The diagnoses are listed in the legend of 
Fig 4. In six of nine patients (no. | through 6) both RA and 
TN Fe alone inhibited clonal growth to various degrees. With 
patients no. | through 4, the TNFa in combination with RA 
showed on average a greater inhibition of leukemic clonal 
growth (P = .05) as compared with TNFa alone. In two 
patients (no. 5 and 6), RA appeared to reduce the effect of 
TNFe at some but not all TNFe concentrations. In three 
patients (no. 7 through 9) TNFa alone inhibited leukemic 
growth, whereas RA alone stimulated leukemic growth; and 
when combined with TNFa, RA markedly decreased 
(P = .05) the inhibitory action of TNFa. 

Further studies investigated the effect of the combination 
of TNFa and RA on GM-CFC (Fig 5). Normal human 
myeloid progenitor cells were ~2,800 times less sensitive to 
the inhibitory action of TNFa than HL-60 cells (EDs at 
10,000 U/mL and 3.5 U/mL TNFa, respectively) when CM 
from a human T lymphocyte cell line (Mo-CM) was used as 
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Fig 3. Dose-response curve of the combined effect of TNFa 
and RA expressed as an inhibition of clonal growth of the myelo- 
blastic leukemic cell line KG-1. Cells were incubated with either 
TNFa alone (O) or with TNFa and RA 107° mol/L (@). Data of three 
independent experiments are expressed as described in the 
legend of Fig 1A. Control plates containing CSF alone had a mean 
of 92 to 126 colonies per 3 x 10° KG-1 cells. 
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Fig 4. Effect of TNFa and RA on the clonal growth of myeloid 
cells from nine leukemic patients. The iow density mononuclear 
cells were cultured in the presence of 1.5% Mo-concditioned 
medium as a source of CSF. TNFa was added either alone [O or at 
different concentrations in combination with RA 10°’ mol/L {0} to 
the culture plates. Patients were diagnosed as follows: no. £, 4, 
and 5 as CML; no. 3, 7, and 8 as CML in myeloid blast crisis: no, 1 as 
AML (FAB M2) in relapse; no. 9 as therapy-related AML, no. 6 as 
CMML. Control dishes containing CSF alone had the following 
mean numbers of colonies per 2 x 10° plated celis: no. 1, 891; ne. 
2, 46; no. 3, 180; no. 4, 39; no. 5, 469; no. 6, 23; no. 7, THB; no. 8, 
206: no. 9, 81. 


a source of CSF. The RA alone (10° mol/L) enhanced 
GM-CFC formation ~1.6-fold. The addition of RA (107 
mol/L) to the culture dishes containing TNFa (1 to 10,000 
U/mL) either partially or completely reversed the inhibitory 
effect of TNFa on formation of GM-CFC. For example, at a 
concentration of 1,000 U/mL TNFa, a mean 40% + 6% 
(SD) of the GM-CFC were inhibited as compared with 
control plates; with the addition of 10°’ mol/L RA to plates 
containing 1,000 U/mL TNFa, GM-CFC formation was 
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Fig 5. Effect of TNFa and RA on the clonal growth of normal 
human GM-CFC. Cells were incubated with different concentra- 
tions of TNFa without (O) or with RA 10°’ mol/L (@) and 1.5% 
Mo-conditioned medium as a source of CSF. Results are expressed 
as a mean percentage (+SD) GM-CFC compared with controi 
plates containing CSF alone {no TNFa or RA). Note that RA plus 
TNFa curve shows the number of GM-CFC in plates containing RA 
and 0 to 10,000 U/mL TNFa. Control plates having CSF alone had a 
mean of 167 to 206 colonies per 2 x 10° plated bone marrow cells. 
Each experiment was performed with three different donors in 
triplicate plates per point. 
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nearly the same as control plates (mean 92% + 6% [+SD] of 
control). 


DISCUSSION 


Our study shows that TNFa and RA interact ina complex 
manner with leukemic cell lines, leukemic cells from patients 
and normal human bone marrow cells. With HL-60 cells, 
TNFa (22.5 U/mL) and RA mainly synergistically inhib- 
ited clonal growth (Fig 1A). However, evidence for an 
antagonism was seen at lower concentrations of TNFa (sl 
U/mL) and RA (10° mol/L). At these concentration, RA 
seemed to reduce the expected inhibition of TNFe on clonal 
growth inhibition of HL-60 cells. The more immature myelo- 
blastic KG-1 cells were less sensitive than HL-60 cells to the 
inhibitory action of TNFa alone, and only higher concentra- 
tions of TNFa (210 U/mL) showed a synergistic interaction 
with RA (Fig 3). At <10 U/mL TNFa, antagonism was 
seen. A phase I trial with TNFa in cancer patients showed 
that after intravenous injection of 100 ug/mol/L*, peak 
serum levels of 8,000 pg/mL (~300 U/mL) were reached 
with acceptable toxicity.” Our study with HL-60 and KG-1 
cells shows that TNFa had synergistic interactions with RA 
at concentrations of both TNFa and RA that can be 
achieved in vivo”! 

Recent studies demonstrated that TNFa induced HL-60 
cells to differentiate towards monocytes /macrophages.*”!°"? 
The RA in vitro induced HL-60 and leukemic cells from 
some patients to differentiate towards graaulocytes.'*'° The 
ability of the combination of TNFa and RA to enhance 
differentiation of HL-60 cells (Fig 1B) suggests that part of 
the synergism between TNFa and RA to inhibit clonal 
growth might be explained by their combined ability to 
increase the number of HL-60 cells that differentiate into 
mature nondividing cells. A previous study by us showed that 
TN Fae preferentially inhibited growth of colonies containing 
granulocytes rather than macrophages or macrophage/gran- 
ulocyte colonies.’ This suggested that the combination of 
TNFa and RA may have selectively enhanced differentia- 
tion along the granulocytic pathway. However, analyses by 
morphology, cytochemistry and antigen expression showed 
that the combined treatment with TNFa and RA resulted in 
differentiation of HL-60 cells along both the macrophage 
and granulocyte pathway (Table 1), confirming previously 
reported data.” 

The TNFa probably mediates its action through binding 
to specific receptors present on the surface of the cell.” 
Normal! and leukemic hematopoietic cells express receptors 
for TNFa. The RA (107° — 10°’ mol/L) moderately 
increased the number of TNFa receptors expressed on 
HL-60 cells (1.3- to 1.7-fold) as compared with wild-type 
HL-60 cells, but did not alter the binding affinity of the TNF 
receptors for their ligand in these cells (Fig 2, Table 2). 
Studies recently showed that y-interferon (y-IFN) increased 
the number of TNFa receptors on several human carcinoma 
cell lines, on murine L929 fibroblasts, amd on the myeloid 
U937 cells." Similar to the combination of TNFa and 
RA, TNFa plus y-IFN had an increased cytotoxic / 
cytostatic effect as compared with each agent alone on 
human carcinoma cell lines, myeloid leukemia cell lines and 
leukemic cells from patients, 767 suggesting that 
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increased cellular expression of the TNFa receptor may 
explain the enhanced responses. However, recent studies by 
us as well as others found no direct correlation between the 
number of receptors expressed on cells of various myeloid 
lines and their sensitivity to the growth inhibitory effects of 
TNFa? Furthermore, TNFa was effective in clonal 
growth inhibition at concentration well below the saturation 
of its receptor (<10% occupancy) > Together, these 
results suggest that expression of increased numbers of 
TN Fa receptors induced by RA is unlikely to account for the 
greater sensitivity of HL-60 cells and that mechanisms distal 
to TNFa binding to its receptor might be responsible for the 
enhanced cytotoxic/cytostatic effect of TNFa in combina- 
tion with RA. 

Various types of responses were observed on clonal growth 
inhibition of leukemic cells from patients. Both RA and 
TN Fa alone inhibited clonal growth of leukemic cells of the 
majority of the patients, in agreement with previous stud- 
ies. However, RA alone also stimulated clonal growth of 
three of nine leukemic patients (no. 7 through 9). Two of the 
patients had CML in myeloid blast crisis (no. 7 and 8), and 
one had therapy-related AML (no. 9). Similarly, previous 
studies reported stimulation of leukemic clonal growth in 
selected patients. The combination of TNFa plus RA 
showed a greater clonal growth inhibition compared with 
TNFa alone in some patients (no. 1 through 4); whereas in 
other patients (no. 5 through 9), RA either reduced or even 
reversed the inhibitory effect of TNFa. This suggests that in 
selected patients, RA may not enhance the inhibitory effect 
of TNFa, but possibly may protect leukemic growth from the 
inhibitory action of TNFa. 

Our study confirms previous studies that retinoids 
enhance in vitro clonal growth of normal human myeloid 
progenitor cells.'*'* The TNFa alone inhibited clonal growth 
of normal human GM-CFC only at much higher concentra- 
tions (ED. ~10,000 U/mL) as compared with leukemic 
clonal growth of both HL-60 cells (EDs 3.5 U/mL) and the 
majority of clonogenic leukemic cells harvested from patients 
(Fig 5). The combination of TNFa and RA had less growth 
inhibitory effect than TNFa alone on normal GM-CFC. 
This suggests that RA may have a protective effect on the 
TNFa-mediated inhibition of normal GM-CFC, and theo- 
retically may allow higher concentrations of TNFa to be 
given without suppressing normal hematopoiesis. 

Although RA inhibited in vitro clonal growth of myeloid 
leukemic cells of the majority of patients, in vivo RA usually 
had a therapeutic effect limited to patients with acute 
promyelocytic leukemia*“’” and selected patients with the 
myelodysplastic syndrome.”!“**” Phase I and H trials with 
TNFa for AML are ongoing. In vivo animal studies are 
warranted to investigate further the complex interaction of 
TNFa and RA on normal and leukemic hematopoiesis and to 
help identify patients who may benefit from this combined 
treatment. 
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Evidence That Plasma Lipoproteins Inhibit the Factor Vila-Tissue Factor 
Complex by a Different Mechanism Than Extrinsic Pathway Inhibitor 


By Shinichi Kondo and Walter Kisiel 


Factor Vila participates in blood clotting by activating 
factor X and/or factor IX by limited proteolysis. The 
proteolytic activity of factor Vila is absolutely dependent 
on a lipoprotein cofactor designated tissue factor. We have 
examined the ability of purified preparations of human 
plasma high density, low density and very low density 
lipoproteins, as well as apolipoproteins A-I and A-H, to 
inhibit the factor Vila-tissue factor mediated activation of 
either factor X or factor IX before and after treatment of 
the lipoprotein preparation with polyclonal antibody 
directed against partially-purified human plasma extrinsic 
pathway inhibitor (EPI). In the absence of anti-EP! IgG, HDL, 
LDL, VLDL, and apolipoprotein A-fl noncompetitively inhib- 
ited factor X activation by factor Vila-tissue factor with 
apparent Ki values of 3.39 umol/L, 124 nmol/L, 33 nmol/L, 
and 10.5 umoil/L, respectively. Apolipoprotein A-I had no 
effect on this reaction. The inhibitory activity of HDL, LDL, 
VLDL, and apolipoprotein A-il in this reaction was unaf- 
fected by the presence of high levels of anti-EP! IgG. in the 


ACTOR VII is a trace, vitamin K-dependent glycopro- 
tein that circulates in blood as a zymogen to a serine 
protease, factor VIla. Single chain human factor VII is 
converted to factor Vila through the cleavage of a single 
internal peptide bond located at Arg,;,-Ile,,;.' The resultant 
two-chain factor Vila activates either factor X or factor IX 
only in the presence of a lipoprotein cofactor designated 
tissue factor. In contrast to the three other activated vitamin 
K-dependent coagulation factors (factor IXa, factor Xa, and 
thrombin), factor Vila is not effectively inhibited by anti- 
thrombin IIf.?° The physiological mechanism whereby the 
factor VIla-tissue factor complex is regulated in hemostasis 
is poorly understood. 

In 1981, Carson® reported that plasma high density lipo- 
proteins inhibit the activation of factor X by factor VIa- 
tissue factor. More recently, several laboratories’ '* have 
identified a novel mechanism for the inhibition of factor 
Vila-tissue factor involving the copresence of factor VIa, 
tissue factor, factor Xa, and a 35 to 40 kilodaltons (kDa) 
plasma protein initially isolated from a plasma lipoprotein 
fraction® '° and more recently purified to homogeneity from 
serum-free conditioned medium from Hep G-2 cells." In 
this mechanism, extrinsic pathway inhibitor (EPI) presum- 
ably recognizes a ternary complex of factor VIla-tissue 
factor-factor Xa and inhibits further activation of factor X 
and/or factor [X.'? In addition, the active site of factor Xa 
appears to be essential for this inhibition to occur.”’* The 
association of EPI with the plasma lipoprotein fraction 
suggested that Carson’s data concerning the inhibition of 
factor VIla-tissue factor by HDL may have resulted, in large 
part, from contamination by EPI.” However, a recent report 
by Carson indicates that the inhibitory activity of HDL 
resides totally in the apolipoprotein A-H portion of this 
lipoprotein." In the latter study, apolipoprotein A-H was 
purified to homogeneity by gel permeation column chroma- 
tography in the presence of 3 mol/L guanidine hydrochlo- 
ride, a procedure that would in all likelihood resolve the 
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absence of exogenous factor Xa, none of the lipoproteins 
studied inhibited the activation of factor iX using the 
tritiated peptide release assay. In the presence of added 
factor Xa (1 nmol/L), LDL and VLDL, but not HDL and 
apolipoprotein A-I, inhibited the activation of factor IX by 
factor Vila-tissue factor. This inhibition was completely 
blocked by prior incubation of the lipoprotein with anti-EPi 
igG indicating association of EPI with these particies. 
Taken collectively, our data indicate that HDL, LDL, and 
VLDL, at or below their plasma concentration, each selec- 
tively inhibits the factor Vila-tissue factor mediated activa- 
tion of factor X by a mechanism that appears to be distinct 
from extrinsic pathway inhibitor. These lipoproteins may 
not only play a role in the regulation of extrinsic blood 
coagulation, but may also selectively promote the activa- 
tion of factor IX by factor Vila-tissue factor in vivo at low 
tissue factor concentrations. 
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apolipoprotein from contaminating EPI. In this report, we 
show that purified preparations of human plasma HDL, 
LDL, VLDL, and apolipoprotein A-J inhibits the factor 
Vila-tissue factor mediated activation of factor X with Ki 
values at or below their respective plasma concentrations. 
None of these lipoprotein preparations demonstrated inhibi- 
tory activity against factor Vila-tissue factor when factor TX 
was used as the substrate in the absence of added factor Xa. 
In the presence of factor Xa, however, LDL and VLDL 
demonstrated inhibitory activity with factor IX as the sub- 
strate and this activity was completely abolished following 
incubation of the lipoprotein with immunoglobulin raised 
against partially-purified EPI. In contrast, treatment of each 
lipoprotein (HDL, LDL, and VLDL) with this antibody had 
no effect on the ability of the lipoprotein to inhibit the 
activation of factor X by a complex of factor Vila-tissue 
factor. 
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MATERIAL AND METHODS 


Materials. Bz-He-Glu-Gly-Arg-p-nitroanilide (S-2222) was ob- 
tained from Helena Laboratories, Beaumont, TX. Sodium dodecy! 
sulfate (SDS) was obtained from British Drug House, Poole, 
England. Bovine serum albumin (fatty acid-free), Tris (Trizma 
base), potassium bromide, polyoxyethylene sorbitan monolaurate 
(Tween 20), Triton X-100, and sodium deoxycholate were obtained 
from Sigma, St Louis. Acrylamide, N, N’-methylene bisacrylamide, 
N, N, N’, N’-tetramethylene diamine, Coomassie Brilliant Blue 
G-250, Protein Assay Dye Reagent Concentrate, Affi-Gel 10, and 
Affi-Gel 15 were products of Bio-Rad, Richmond, CA. Sodium Boro 
PH] hydride (21.6 C/m mel) was purchased from Amersham 
Corporation, Arlington Heights, IL. Rabbit anti-human apolipopro- 
tein B antiserum was obtained from Calbiochem-Behring, La Jolla, 
CA. Sheep anti-human apolipoprotein A-I and sheep anti-human 
apolipoprotein A-H were purchased from Boehringer Mannheim, 
indianapolis. SDS High Mr protein standard kit was a product of 
Pharmacia, Piscataway, NJ. All other chemicals were the best grade 
available from commercial sources. 

Human brain cephalin (mixed phospholipids) was prepared 
according to Bell and Alton.'* Human brain tissue factor apoprotein 
was prepared essentially according to Broze et al.” In this procedure, 
25 g of human brain acetone powder were resuspended in 500 mL of 
0.05 M Tris-HCI] (pH 7.5) containing 0.1 mol/L NaCl, 0.1% NaN,, 
§ mmol/L EDTA, and 2 mmol/L DFP and stirred for one hour at 
room temperature. The mixture was centrifuged at 12,000 g for 1.5 
hours at 20°C. The supernatant was discarded and the pellet was 
resuspended in 500 mL TBS/2% Triton X-100/0.1% NaN, and 
stirred at room temperature for one hour. This suspension was 
centrifuged at 30,000 g at 4°C for 75 minutes. The supernatant was 
adjusted to 10 mmol/L CaCl,, stirred at room temperature for 30 
minutes, and incubated overnight at 4°C. A precipitate that formed 
during incubation was removed by centrifugation at 40,000 g for one 
hour at 4°C, and the supernatant subsequently concentrated by 
ultrafiltration to ~40 mL. The crude tissue factor concentrate was 
again centrifuged (48,000 g; one hour; 4°C) and the pellet discarded. 
The supernatant was applied at room temperature to tandem 
columns of glycine-ethy! ester-Affi-Gel (2.6 x 5 cm) and human 
factor VII-Affi-Gel (1.6 x 2 cm) at a flow rate of 10 mL/h. 
Following a wash of both columns with 50 mL of TBS/10 mmol/L 
CaCl,/2% Triton X-100, the glycine ethyl ester-Affi-Gel column 
was removed and the factor VII-Affi-Gel column was eluted with 
TBS/20 mmol/L EDTA/2% Triton X-100. Fractions containing 
tissue factor activity were pooled and stored at 4°C. Using this 
procedure, ~80% of the tissue factor activity eluted in the unad- 
sorbed fraction of factor VII-Affi-Gel column, while the remaining 
20% was recovered in the EDTA-eluant. The low yield of purified 
TF apoprotein was consistently observed whether factor VH (15 mg) 
was coupled to 4 mL of Affi-Gel 15 or 4 mL activated CH-Sepharose 
(Pharmacia). Examination of affinity-purified human tissue factor 
apoprotein by SDS-PAGE revealed two major bands with mol wt 
values of 61,000 and 47,000 in the presence or absence of reducing 
agents. As revealed by gel slicing experiments, tissue factor coagu- 
lant activity was confined exclusively to the 47,000 Mr band. The 
affintty-purified tissue factor apoprotein was relipidated as 
described!’ with the exception that human brain mixed phospho- 
lipids were used instead of rabbit brain phospholipids. 

A DEAE Affi-Gel Blue purified rabbit immunoglobulin prepara- 
tion that neutralized extrinsic pathway inhibitor activity was gener- 
ously provided by Drs Warn-Cramer and Rapaport, University of 
California, San Diego. The EPI antigen used for immunization was 
purified ~1000-fold from the total lipoprotein fraction of human 
plasma by a combination of gel filtration, ion exchange chromatog- 
raphy and preparative SDS-PAGE, and contained both Mr variants 
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of EPI, significant amounts of apolipoprotein E and minor amounts 
of apolipoprotein A-I and apolipoprotein A-IV (S. Rapaport, 
personal communication, December, 1986). Anti-EPI IgG formed a 
single, faint precipitin band in Ouchterlony double diffusion experi- 
ments when allowed to react with either a purified preparation of 
HDL or apolipoprotein A-I, but failed to form any detectable 
precipitin band when allowed to react with various concentrations of 
either LDL, VLDL, or apolipoprotein A-I. 

Human factor X, factor VHH, and factor IX were partially purified 
from therapeutic plasmapheresis plasma by a combination of barium 
citrate adsorption and elutien and DEAE-Sepharose CL-6B chro- 
matography essentially as described.’ Factor VH obtained from 
DEAE-Sepharose chromatography was purified to homogeneity by 
immunoaffinity chromatography as described.’ Single-chain factor 
VH was activated to two-chain factor Vila by factor Xa as 
described.! The factor X pool obtained from DEAE-Sepharose 
chromatography was further purified on a column of dextran sulfate 
agarose (5.0 x 45 cm) equilibrated at 4°C with 0.025 mol/L sodium 
citrate (pH 7.4)/1 mmol/L benzamidine. Proteins were eluted tn a 
linear NaCl gradient composed of 2 L of equilibrating bufer and 2 L 
0.025 mol/L sodium citrate (pH 7.4)/1M NaCl/1] mmol/L ben- 
zamidine. This DSA column effectively resolved factor X from 
protein S, prothrombin, protein C, and factor IX. The factor X 
obtained from DSA chromatography was homogeneous as judged by 
SDS-PAGE. However, this preparation was found to be contami- 
nated with low density lipoproteins and bhigh density lipoproteins as 
evidenced by positive immunoprecipitates with monospecific anti- 
sera against apolipoprotein B and apolipoprotein A-1/A-LL Conse- 
quently, the DSA-factor X pool was purified to homogeneity by 
preparative polyacrylamide gel electrophoresis as described else- 
where.’ Alternatively, lipoproteins were effectively separated from 
DSA factor X by gel filtration chromatography in Sephadex G-150 
equilibrated with TBS/1 mmol/L Benzamidine. Both preparations 
of purified factor X appeared as single bands on 10% SDS-gels, and 
were negative for immunoreactive apolipoprotein B and apolipopro- 
tein A-1/A-iI. Factor X was activated by incubation with an 
insolubilized preparation of RVV-X as described. The factor IX 
obtained from DSA chromatography was separated from contami- 
nating lipoproteins and purified to homogeneity by immunoaffinity 
chromatography using a column containing murine monoclonal 
antibody to human factor IX (A-7) coupled to Affi-Ge! 10. The 
affinity column was equilibrated with 0.02 mol/L Tris-HCI (pH 
7.2)/0.15 mel/L NaCl/20 mm MgCl, /1 mmol/L benzamidine and 
the adsorbed factor IX was eluted from the column with 0.02 mol/L 
Tris-HCI (pH 7.2}/0.15 mol/L NaCl/} mmol/L benzamidine /20 
mmol/L EDTA. Human factor VH (14.6 mg) was coupled to 4 mL 
packed volume of Affi-Gel 15 at RT for two hours. The coupling 
reaction was performed in 0.1 mol/L Hepes (pH 7.5), ard residual, 
unreacted sites on the Affi-Gel 15 were subsequently blocked with 
glycine ethyl ester (0.1 mol/L final concentration). 

Sodium dodecyl sulfate polyacrylamide gel electrophare- 
sis. SDS-PAGE was performed according to Laemmlhi’® using a 
2.5% concentrating gel and è 3% to 15% linear gradient polyacryl- 
amide resolving gel. Gels were stained for one hour in 0.1% Coomas- 
sie Blue G-250/50% methanol/10% acetic acid and diTusion de- 
stained in 10% methanol/ 10% acetic acid. 

Various assays. Human factor VH, factor X, and factor 1X 
were assayed by standard one-stage assays using hereditary deficient 
plasmas as substrates. >? The coagulant activity of relipidated 
tissue factor apoprotein was measured by incubating 100 uL of 
diluted tissue factor with 100 uL of normal pooled human plasma for 
30 seconds, followed by the addition of 100 uL of 25 mmol/L 
calcium chloride. In this system, 2 ng of relipidated tissue factor 
apoprotein produced a clot in ~50 seconds. The protein concentra- 
tions of facter X, factor VH, factor Vila, tissue factor apoprotein, 
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and purified plasma lipoproteins were determined by the dye binding 
assay as described by Bradford” using bovine serum albumin as the 
reference protein. 

The inhibition of the factor VHa-tissue factor mediated activation 
of factor X by plasma lipoproteins was determined in a modified 
two-stage amidolytic assay originally described by Seligsohn et al.” 
In this assay, 50 uL of tissue factor (0.34 nmol/L in apoprotein) was 
incubated for 15 minutes in a polystyrene tube at 37°C with 50 uL of 
either buffer control (TBS/BSA) or various concentrations of 
lipoproteins in TBS / BSA. To this system was added 50 pL of factor 
Vila (0.16 nmol/L), 50 wl of human factor X (27 to 228 nmol/L) 
and 25 aL of calcium chloride (50 mmol/L). Incubation at 37°C was 
continued for exactly one minute after the addition of CaCl, and at 
this time 25 uL of EDTA (300 mmol/L) was added to stop the 
activation reaction. One hundred microliters of the incubation 
mixture was removed and added to 700 uL of S-2222 (192 mol/L) 
in 0.08 mol/L Tris-HC1/0.15 mol/L NaCi (pH 8.3) in a cuvette. 
The absorbance at 405 nm was continuously recorded using a 
Beckman Model 25 spectrophotometer equipped with a strip chart 
recorder. Factor Xa concentrations were interpolated from a stan- 
dard curve of A Ayw</min v factor Xa concentration (Fig 1). 

The inhibition of the factor VIla-tissue factor mediated activation 
of factor IX by plasma lipoprotein was determined in a modified 
tritiated activation peptide release assay originally described by Zur 
and Nemerson.” This assay was constructed the same as the 
chromogenic assay except the tritiated factor IX (21 to 803 nmol/L) 
was substituted for factor X and the final incubation volume was 
increased to 450 uL. At appropriate intervals, 100 aL subsamples of 
the incubation mixture were transferred to polypropylene tubes 
containing 200 uL of 50 mmol/L EDTA/50 mmol/L benzamidine/ 
TBS and kept on ice. At the end of the incubation period, 150 uL of 
ice-cold 15% trichloracetic acid (TCA) was added to each subsam- 
ple and this mixture centrifuged five minutes in a Beckman micro- 
fuge B. Duplicate samples of each supernatant were counted in a 
Packard Tri-Carb scintillation counter. In our system, the factor IX 
activation progress curve plateaued when 31% of the total counts 
were released as TCA soluble material. We assume that this level of 
TCA soluble counts represents complete activation of [°H]-factor 
iX, and used this value to calculate the moles of factor IX temporally 
activated. 

Tritium labeled factor IX was prepared by the modification of 
Van Lenten and Ashwell.” In our hands, the specific radioactivity of 
tritiated factor IX was 0.9 x 10° cpm/jyg, and the biological activity 
of labeled factor IX was 67% of nonlabeled preparations. Kinetic 
parameters were determined from three individual experiments 
using the nonlinear, nonweighted, least square fitting to a hyperbo- 
la.’ 

The molar concentrations of plasma lipoproteins used in this assay 
were calculated from the observed protein mass concentration by the 
dye-binding assay, and from published values of the weight 
percentage of apolipoprotein in each lipoprotein” as well as the mol 
wt of the intact lipoprotein.” In the case of VLDL, where ranges of 
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Fig 1. Human factor Xa amidolytic assay standard curve. 
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mol wt are reported (10 to 80 x 10°), a mean value was assumed. 
Specific mol wt values used in this study for VLDL, LDL, and HBL 
were 50 x 10°, 2.3 x 106, and 1.75 x 10° Da, respectively. 
Isolation of plasma lipoproteins and apolipoproteins A-I and 
A-H, HDL, LDL, and VLDL were isolated from plasma obtained 
from a fasted normolipemic donor by sequential preparative ultra- 
centrifugation essentially as described by Havel et al.” Uhracentri- 
fugation was carried out in a Beckman model L45-75 preparative 
ultracentrifuge at 15°C. Briefly, nine parts of blood were mixed with 
one part of an anticoagulant cocktail containing 0.13 mol/i. sodium 
citrate, 0.02% sodium azide, and 50 mmol/L EDTA. Following 
centrifugation to remove blood cells, the plasma was adjusted to | 
mmol/L in PMSF and 10 mmol/L benzamidine. Chylomicrons were 
removed from plasma by centrifugation at 78,000 g for 150 minutes 
in an SW-40 rotor. Subsequently, the VLDL. was floated following 
centrifugation of the infranate at 105,000 g for 22 hours in a 50 Ti 
fixed angle rotor. LDL and HDL were floated sequentially after 
density adjustment of the infranates to 1.063 and 1.21, respectively, 
by the addition of either stock salt solution (NaCl/K Br. densi- 
ty = 1.346) or solid KBr.” LDL was floated at 105,000 g for 22 
hours, while HDL was floated at 105,000 g for 48 hours. VLDL. was 
refloated at least one time at d = 1.0063 g/mL by centrifugation for 
22 hours at 105,000 g. LDL was refloated sequentially at d = 1.063 
g/mL andd = 1.050 g/mL to remove contaminating HDL. Despite 
recentrifugation at d = 1.21 g/mL, the HDL preparation revealed 
the presence of contaminating apolipoprotein B by immunoassay 
that could not be removed by readjustment of the HDL solution to 
d = 1.063 (by dialysis) and subsequent refloatation. Accordingly. 
low levels of immunoreactive LDL were quantitatively removed 
from the HDL preparation by passage of the HDL through a column 
of rabbit anti-Apo B-IgG-protein A-Sepharose. Each purified lipo- 
protein preparation was dialyzed extensively against TBS/0.02% 





Fig 2. SDS-PAGE of human plasma lipoproteins on a 3% to 
15% polyacrylamide gradient gel. Lanes: 1, VLDL. 6 ug: 2. LDL, 8 
ug: 3. HDL, 15 ug; 4, mol wt standards (Myosin, 200,000; phos- 
phorylase b, 94,000; bovine serum albumin, 67,000; ovalbumin, 
45,000; chymotrypsinogen, 25,700; 8-lactogiobulin, 18.400: Iyso- 
zyme, 14,300); 5, mol wt standards (thyroglobulin, 330,000; ferri- 
tin, 220,000; albumin, 67,000; catalase, 60,000; lactic dehydragen- 
ase, 36,000: apoferritin, 18.500). Ali samples were electrophorized 
after reduction with 10% 2-mercaptoethanol. 
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NaN, and stored at 4°C. When examined by SDS-PAGE,” unre- 
duced preparations of VLDL exhibited a major band at 300 kd, LDL 
a major band at 280 kd, and HDL a major band at 24 kd (Apo A-I) 
and a minor band at 15 kd (Apo A-H). Reduction with 5% 
2-mercaptoethanol had no effect on the Mr of VLDL or LDL (Apo 
B), whereas the [5 kd band in HDL decreased to ~7 kd. The 24 kd 
(Apo A-I) band was also unaffected by reduction (Fig 2). By 
Ouchterlony double diffusion analysis, the VLDL and LDL prepara- 
tions appeared immunologically pure and showed no precipitation 
band against rabbit anti-apolipoprotein A-I/A-IL Similarly, the 
HDL preparations were free of immunoreactive apolipoprotein B, 
and formed a single precipitin arc against rabbit anti-apolipoprotein 
A-I/A-H. 

A mixture of apolipoproteins A-I/ A-J was isolated from HDL by 
the following procedure. Two milliliters of HDL (1.22 mg/mL) were 
dialyzed exhaustively against 50 mmol/L Tris-HCI (pH 7.5) and 
subsequently lyophilized. The lyophilized lipoprotein (plus Tris) was 
extracted four times with 15 mL of chloroform: methanol (2:1) at 
0°C {ice-water bath). The final pellet was dried under N, and 
solubilized in 1.5 mL TBS/40 mmol/L sodium deoxycholate 
(DOC). This solution was diluted with 50 mL. TBS in order to reduce 
the DOC concentration to below its critical micelle concentration 
(0.9 mmol/L)" and the resulting solution dialyzed exhaustively 
against TBS at 4°C, The retentate was subsequently concentrated to 
2 mL by ultrafiltration (YM-10 membrane}. Apolipoproteins A-I 
and A-H were isolated as described.” Shortly after delipidation by 
chloroform:methanol (2:1), the HDL was dissolved in 3 mol/L 
guanidine hydrochloride/TBS and applied to Sephacryl S200 col- 
umn chromatography (1.5 x 170 cm) equilibrated with the same 
buffer. Column chromatography was repeated once to achieve 
homogeneity (Fig 3). Purified apolipoproteins were dialyzed against 
TBS/0.02% NaN, and concentrated by ultrafiltration (YMIO; 
Amicon, MA). 





Fig3. SDS-PAGE of human apolipoprotein A-I and A-IL Lanes: 
1, nonreduced Apo A-I, 12 ug; 2, reduced Apo A-L 12 yg; 3, 
nonreduced Apo A-il, 14 ug; 4, reduced Apo A-I, 14 ug; 5, mol wt 
standards (phosphorylase b, 94,000: bovine serum albumin, 
67,000: ovalbumin, 45,000; carbonic anhydrase, 29,000; soybean 
trypsin inhibitor, 20,000; a-lactalbumin, 14,400). 
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RESULTS 


Validity of the coupled amidolytic assay. The two stage 
coupled amidolytic assay was used to determine the inhibi- 
tory effect of purified plasma lipoproteins on factor Xa 
generation by a complex of factor Vila and tissue factor. The 
assay was standardized with respect to tissue factor concen- 
tration, factor X concentration, factor VHa concentration 
and incubation time such that the rate of factor Xa genera- 
tion was first-order and linear. In our system, factor Xa 
production was linear between factor Vila concentrations of 
2.5 and 35 pmol/L and tissue factor concentrations between 
6.8 and 78 pmol/L during a one-minute incubation period. 
At these reactant concentrations, linear production of factor 
Xa was consistently preceded by a lag period of ~30 seconds 
similar to that reported by Silverberg et al” using the 
radiolabeled activation peptide release assay. Tissue factor 
was routinely incubated with either lipoproteins or apolipo- 
proteins for 15 minutes at 37°C before the addition of factor 
Vila, factor X, and CaCl,; however. incubation times of two 
to 15 minutes produced the same effect. The tissue factor and 
factor Va final concentrations selected for these experi- 
ments were 75 pmol/L and 35 pmol/L, respectively. The 
tissue factor concentration actually represents the molar 
concentration of tissue factor apoprotein assuming a mol wt 
of 47,000 Da. As mentioned earlier, our tissue factor apopro- 
tein preparation revealed two bands by SDS-PAGE with mol 
wt values of 61,000 and 47,000 in roughly a 40:60 ratio 
(61,000:47,000) as judged from densitometry scans of the 
gels. To simplify our calculations, we are assuming that the 
61,000 Mr species represents a contaminant and the concen- 
tration of tissue factor apoprotein has been expressed as the 
amount of the 47,000 Mr species by multiplying the total 
protein concentration by a factor of 0.6. The factor X 
preparation was homogeneous by SDS-PAGE and was free 
of lipoproteins, factor IX, factor Xa, and factor VH. No 
amidolytic activity could be detected when factor X was 
incubated with calcium in the presence or absence of tissue 
factor. In preliminary experiments designed to compare the 
activation of gel-filtered factor X v factor X purified by 
preparative electrophoresis, a significantly higher (twofold) 
Vmax was obtained using gel-filtered factor X. In addition, 
the specific coagulant activity of gel-filtered factor X was 
threefold higher than electrophoresis factor X (106 U/mg v 
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Fig 4. Lineweaver-Burk plot of the activation of factor X by 
factor Vila-tissue factor. The range of factor X final concentra- 
tions used was 6 to 200 nmol/L. 
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30 U/mg) in an assay using RVV-X to activa‘e the factor X. 
Accordingly, gel-filtered factor X was used fov the inhibition 
studies using the amidolytic assay. 

Using the above conditions, the kinetic parameters of the 
activation of human factor X by a complex of human factor 
Vila-tissue factor were determined (Fig 4). The Km is 
10.49 + 4.88 nmol/L factor X. The Vmax is 1.67 + 0.19 
nmol 1~' min”’, which yields a turnover number (Kp) of 50 


minutes” '. These kinetic parameters are in reasonably good | 


agreement with those recently published for the activation of 
bovine factor X by purified preparations of bovine factor 
Vila and bovine brain tissue factors.” 

Construction of the peptide release assay. The peptide 
release assay for factor LX activation was constructed similar 
to the chromogenic assay for factor X activation. Tritium 
labeled factor IX activation peptide production was linear 
between factor Vila concentrations of 4 to 27 pmol/L and 
tissue factor concentrations between 20 and 112 pmol/L up 
to 15 minutes incubation time. 

The tissue factor and factor VIla concentration selected 
for the inhibition experiments was 112 pmol/L and 27 
pmol/L, respectively. The kinetic parameters for the activa- 
tion of human factor IX by a complex of human factor 
Vila-tissue factor are as follows: Km, 47.44 + 24.76 nmol/L 
factor IX; Vmax, 0.439 + 0.055 nmol !~' min™', yielding a 
turnover number (Kp) of 16 min`’ (Fig 5). 

Inhibition of factor X activation by purified plasma 
lipoproteins and apolipoproteins. Factor X activation was 
measured over the concentration range of 6 to 50 nmol/L 
factor X in the presence of varying levels of purified HDL, 
LDL, and VLDL. In control experiments where tissue factor 
was replaced with buffer, no activation of factor X was 
observed by factor Vila in the presence of various concentra- 
tions of each lipoprotein. Each lipoprotein had no effect on 
factor Xa amidolytic activity in the range used to inhibit the 
factor Vila-tissue factor catalyzed activation of factor X. In 
addition, each lipoprotein had no effect on the duration of the 
lag period preceeding the linear production of factor Xa in 
each system. 

The results for the inhibition of factor X activation by 
HDL are shown in Fig 6 as a Dixon plot. The type of 
inhibition observed was distinctly noncompetitive, and the 
apparent inhibitor constant (Ki) for HDL was 3.39 umol/L. 
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Fig5. Hanes-Woolf plot of the activation of factor IX by factor 
Vila-tissue factor. The range of factor IX final concentrations used 
was 14 to 179 nmol/L. 
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Fig 6. Dixon plot for the inhibition of factor X activation by 
HDL. The rate of factor X activation was determined in the coupled 
amidolytic assay as described in Materiais and Methads. The 
factor X final concentrations used were: (@), 47.9 pmol/L; (0), 19.2 
nmol/L; (4), 12.8 nmol/L; (1), 9.6 nmol/L. 


The inhibition of factor X activation by LDL and VLDL. also 
exhibited a noncompetitive type of inhibition. Ki values of 
124 nmol/L and 33 nmol/L were obtained from Dixon plots 
(Figs 7 and 8) for LDL and VLDL, respectively. Delipidated 
HDL, containing a mixture of apolipoproteins A-I and A-H, 
exhibited the same type of inhibition (Ki = 5.5 wmol/L) and 
was essentially as effective as intact HDL in the inhibition of 
factor X activation (Table |). Comparable experiments to 
assess the inhibitory potential of apolipoprotein B failed due 
to the insolubility of apolipoprotein B following chloro- 
form:methanol extraction of LDL. The inhibitory activity, 
observed in a mixture of apolipoproteins A-I/A-I] was 
subsequently shown to be due entirely to apolipoprotein A-H 
Each apolipoprotein was purified to homogeneity by repeti- 
tive gel-filtration column chromatography in the presence of 
3 mol/L guanidine hydrochloride. Purified apolipoprotein 
A-I failed to show any factor X activation inhibitory activity 
in our system at concentrations as high as 100 pmol/L 
(Table 1) whereas the apolipoprotein A-H noncompetitively 





Fig 7. Dixon plot for the inhibition of factor X activation by iow 
density lipoprotein. The factor X final concentrations used were: 
{O), 47.9 nmol/L: (@), 19.2 nmol/L; (4), 12.8 nmol/L: (a), 9.6 
nmol/L. 
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Fig 8. Dixon plot for the inhibition of factor X activation by 
very low density lipoprotein. The factor X final concentrations 
used were: (@), 47.9 nmol/L; (O), 19.2 nmol/L: (4), 12.8 nmol/L: 
(A), 9.6 nmol/L; (2), 6.4 nmol/L. 


inhibited the factor X activation reaction with an apparent 
Ki value of 10.5 umol/L (Fig 9). The results of the inhibition 
of factor X activation by each lipoprotein and soluble apoli- 
poprotein are shown in Table 1. The Ki values for each 
lipoprotein appear to be at or below their plasma concentra- 
tion, assuming plasma concentrations of 13 pmol/L, 1.5 
mol/L, and 28 nmol/L for HDL, LDL, and VLDL, respec- 
tively.” 

Inhibition of factor IX activation by purified plasma 
lipoproteins and apolipoproteins, The activation of PH]- 
factor IX by a complex of factor VIla-tissue factor was 
measured over the concentration range of 14 to 179 nmol/L 
factor IX in the presence of varying levels of two different 
preparations of lipoproteins and apolipoproteins. The results 
of quadruplicate measurements at a factor IX concentration 
of 179 nmol/L are shown in Table 2 for one preparation of 
each lipoprotein and apolipoprotein. In comparison with a 
control mixture, none of the lipoproteins or apolipoproteins 
tested inhibited this reaction in the absence of added factor 
Xa. One preparation of apolipoprotein A-H, however, pro- 
duced a slight enhancement (twofold) of the rate of factor IX 
activation that appeared to be statistically significant (data 
not shown). This effect was not observed when factor X was 
the substrate using this particular apolipoprotein A-H prepa- 
ration. Furthermore, the reason for the stimulating effect on 
the factor IX activation by this particular apolipoprotein 
A-II preparation is not known and additional studies are 


Table 1. inhibition Constants of Plasma Lipoproteins 
and Apolipoproteins for the Activation of Factor X 
by Factor Vila-Tissue Factor 


+ 








Lipoprotein/ Apolipoprotein Ki 
VLDL 33 nmol/L 
LDL 124 nmol/L 
HDL 3.4 pmol/L 
Delipidated HDL 5.5 umol/L 
Apo A-I > 100 umol/L 
Apo A-li 10.5 umol/L 
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Fig 9. Dixon plot for the inhibition of factor X activation by 
apolipoprotein A-Il. The rate of factor X activation was determined 
in the coupled amidolytic assay as described in Methods. The 
factor X final concentrations used were: {@}), 68 nmol/L: (0), 45 
nmol/L; (4), 34 nmol/L; (a), 23 nmol/L. 


required to determine the reproducibility of this effect with 
several different preparations of apolipoprotein A-H. When 
the activation of factor IX by factor VIla-tissue factor was 
conducted in the presence of added factor Xa (1 nmol/L 
final concentration), both VLDL and LDL inhibited this 
reaction suggesting the presence of EPI associated with these 
particles. Pretreatment of VLDL and LDL preparations 
with increasing concentrations of anti-EPI-IgG completely 
abolished the ability of VLDL and LDL to inhibit the 
activation of factor IX (Fig 10). Interestingly, these same 
incubation mixtures of VLDL—ant:!-EPI and LDL~—anti-EPI 
inhibited the factor VIla-tissue factor mediated activation of 
factor X using final concentrations of factor VIla and tissue 
factor essentially identical to that used for the activation of 
factor IX (Fig 10). The slight recovery of inhibitory activity 
observed for LDL and VLDL in the factor IX activation 
system (Fig 10) probably reflects a condition of antibody 
excess relative to EPI concentration and the consequent 
solubilization of the antigen-antibody complex. Thus, these 
data strongly suggest that the apparent inhibition of factor 
IX activation by purified preparations of LDL and VLDL 
result from contaminating EPI in these lipoprotein prepara- 
tions. In both cases, the expression of this inhibitory activity 
was dependent on the presence of exogenous factor Xa. In 
contrast, purified preparations of HDL and apolipoprotein 


Table 2. Effect of Purified Lipoproteins and Apolipoproteins on 
Factor IX Activation by Factor Vila-Tissue Factor in the Presence 
and Absence of Added Factor Xa 
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Rate . 
Lipoprotein/ Concentration Usdin a mn 
Apolipoprotein {umot/L} {~ Xa} {+ Xa) 
Control = 0.321 + 0.046 0.292 + 0.638 
VLDL 0.024 0.298 = 0.030 0.186 + 0.639 
LDL 0.185 0,329 + 0.032 0.087 + 0.015 
HDL 2.7 0.294 + 0.033 0.280 + 0.068 
Apo A-| 6.7 0.282 ~ 0.075 0.264 + 0.038 
Apo A-l 24.8 0.297 = 0.029 0.221 + 0.040 
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Factor IX concentration, 179 nmol/L: factor Xa concentration, 1 
nmol/L. 
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Fig 10. The effect of anti-EPl-igG on the ability of LDL and 
VLDL to inhibit factor Vila-tissue factor. LDL (4,4) and VLDL (0,@) 
at a fixed concentration was incubated with increasing concentra- 
tions of anti-EPI-IgG for two hours at 37°C. An aliquot of this 
incubation mixture was tested for its ability to inhibit the activa- 
tion of either factor X (open symbols} or factor IX (closed symbols} 
as described in Materials and Methods. Factor IX activation 
incubation mixture also contained 1 nmol/L factor Xa. The inhibi- 
tion observed by each lipoprotein in the absence of anti-EP!-IgG 
(buffer control) was designated as the 100% value. LDL final 
concentration in each activation reaction was 150 nmol/L; VLDL 
concentration in each activation reaction was 40 nmol/L. 


A-H, as well as LDL and VLDL preparations previously 
treated with immunoglobulin that neutralized EPI activity, 
markedly and specifically inhibited the activation of factor X 
by a complex of factor Vila-tissue factor without demon- 
strating any apparent effect on the ability of factor VIla- 
tissue factor to activate factor [X. 


DISCUSSION 


We have carried out experiments to assess the inhibitory 
properties of purified plasma lipoproteins on the activation 
reactions of factor X and factor IX by a complex of purified 
factor VIIa and human brain tissue factor. Our data clearly 
indicate that HDL, LDL, and VLDL effectively inhibit the 
activation of factor X by factor VIla-tissue factor at or below 
their respective plasma concentrations (Table 1). Of these 
three lipoproteins, given their plasma concentrations and Ki 
values, the most effective inhibitor of this reaction would 
appear to be LDL. 

With regard to HDL, our data confirm earlier reports by 
Carson that described inhibition of the bovine factor V Ha- 
tissue factor catalyzed activation of bovine factor X by 
purified human HDL and apolipoprotein A-I. Both our 
data, and that of Carson,” suggest that a specific interaction 
between the Apo A-I and tissue factor occurs resulting in 
allosteric modifications of the tissue factor molecule. 

Inasmuch as factor Vila-tissue factor also activates factor 
IX in the test tube,” we examined whether or not the above 
lipoprotein preparations could inhibit the activation of factor 
IX at approximately the same enzyme-cofactor—substrate 
concentrations. Under these conditions, none of the lipopro- 
tein preparations inhibited the activation of [*H]-factor IX 
when present at a concentration that inhibited the factor X 
activation by 50%. When these incubation mixtures were 
supplemented with purified factor Xa (1 nmol/L), appre- 
ciable inhibition of factor IX activation was observed for the 
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LDL and VLDL preparations. This factor Xa-dependent 
inhibition was, however, abolished on preincubation of LDL 
and VLDL with antibody raised against partially purified 
extrinsic pathway inhibitor. To our complete surprise, prein- 
cubation of LDL and VLDL with anti-EPI had no detectable 
effect on the ability of these lipoproteins to inhibit the 
activation of factor X by factor Vila-tissue factor. Thus, 
these data provide suggestive evidence that LDL and VLDL 
inhibit the activation of factor IX by factor VIla-tissue 
factor as a result of EPI associating and copurifying with 
these lipoprotein particles. On the other hand, HDL, LDL, 
and VLDL preparations appear to inhibit the activation of 
factor X by factor VIla-tissue factor by a mechanism distinct 
from extrinsic pathway inhibitor. The precise mechanism 
whereby these lipoproteins selectively affect factor X activa- 
tion without affecting factor IX activation is completely 
unknown. Presumably any proposed mechanism that 
involves either apolipoprotein exchange between lipoprotein 
and tissue factor, or the formation of a nonproductive 
complex between factor Vila and lipoprotein would affect 
both reactions to the same degree. Furthermore, assurning 
our LDL and VLDL preparations were contaminated by 
EPI, we have no explanation as to why the inhibition of 
factor X activation by these lipoproteins was not diminished 
to any significant extent by prior incubation with anti- 
EPI-IgG. Presumably, sufficient nascent factor Xa was 
produced in our factor X activation system in a one-minute 
incubation period to form the factor Vila-tissue factor-factor 
Xa ternary complex recognized by EPI present in the LDL 
and VLDL preparations prior to antibody treatment. Alter- 
natively, in the event that the formation of this ternary 
complex was not instantaneous, the expression of EP] inhibi- 
tory activity may not have occurred under our experimental 
conditions. The possibility of a negative feedback reaction 
involving proteolysis of factor VIIa by newly formed factor 
Xa may play some role in the apparent inhibition of this 
reaction and cannot be excluded. However, in our experi- 
ence, little, if any, proteolytic degradation of human factor 
Vila by factor Xa was observed at a 1:100 factor Xa:factor 
VII ratio for one hour in the presence of mixed phospholipids 
and calcium (5 mmol/L). Whether or not degradation of 
factor Vila by factor Xa is enhanced in the presence of tissue 
factor and/or lipoproteins remains to be determined. 

Our findings, in addition to earher reports®’’ clearly 
underline the effectiveness of plasma lipoproteins to inhibit 
the activation of factor X in the test tube. Whether or not 
these reactions occur to any significant extent in vivo is 
unknown. Given the fact that the extrinsic pathway does not 
appear to be operative to any significant extent in hemophilic 
patients, the activation of factor IX by factor Vila-tssue 
factor may be a very significant reaction in hemostasis. 
Indeed, experimental evidence indicates that the activation 
of factor X and factor IX by factor VHa-tissue factor in 
human plasma proceeds at approximately the same rate.’** 
It is tempting to speculate that lipoproteins may selectively 
promote the activation of factor IX by factor Vila at low 
tissue factor concentrations through the inhibition of the 
factor X activation pathway. A description of the precise 
role, if any, that lipoproteins play in the regulation of 
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extrinsic coagulation will obviously require several addi- 
tional studies. 
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CONCISE REPORT 


Serum Transferrin Receptor as a New Index of Erythropoiesis 


By Yutaka Kohgo, Yoshiro Niitsu, Hitoshi Kondo, Junji Kato, Nobuyasu Tsushima, Katsunori Sasaki, Michiaki Hirayama, 
Takaaki Numata, Takuji Nishisato, and Ichiro Urushizaki 


Serum transferrin receptors were measured by a sandwich 
radioimmunoassay procedure in patients with Iron defi- 
ciency anemia, autoimmune hemolytic anemia and aplastic 
anemia. The mean circulating transferrin receptor concen- 
tration of normal subjects and patients with iron deficiency 
anemia, autoimmune hemolytic anemia and aplastic anemia 
are 253 + 82 ng/mL, 730 + 391 ng/mL, 1,426 + 1,079 
ng/mL, and 182 + 39 ng/mL, respectively. The values for 
those with iron deficiency anemia and autolmmune hemo- 
lytic anemia were significantly higher than that of normal 


RANSFERRIN receptor is a transmembrane glycopro- 
tein that is expressed primarily on the surface of 
erythroid cells and delivers iron during proliferation and 
hemoglobin synthesis.'* The receptor binds serum diferric 
transferrin and is endocytosed and transferred to acido- 
somes, in which inorganic iron is released into the cytosol and 
the remaining ligand and receptor is recycled back to the cell 
surface.’ During this unique recycling process, transferrin 
receptor was found to be externalized as a form of multive- 
sicular endosomes.** This externalization of transferrin 
receptors from the cell surface was first reported by Pan and 
Johnstone* using cultured sheep reticulocytes in vitro. The 
released receptors may potentially circulate in the serum. 
Recently, we established a quantitative method for measur- 
ing immunoreactive transferrin receptors by using two dif- 
ferent monoclonal antibodies, OKT9 and B3/25° and found 
that immunoreactive transferrin receptor was detected at 
concentrations between 150 and 250 ng/mL. However, the 
clinical and pathophysiological significance of this circulat- 
ing transferrin receptor is still obscure. In the present report, 
we evaluate the usefulness of circulating transferrin receptor 
as an index of erythropoiesis by measuring its serum level in 
patients with iron deficiency anemia, autoimmune hemolytic 
anemia, and aplastic anemia. 


MATERIALS AND METHODS 


Serum samples. Venous blood samples were taken from 38 
normal adult males (age 18 to 72), 54 normal adult females (age 15 
to 78), 41 patients with iron deficiency anemia, five patients with 
autoimmune hemolytic anemia, and five patients with aplastic 
anemia. The samples were collected before any treatments were 
started. Serial blood sampling was performed in ten patients with 
iron deficiency anemia and five patients with autoimmune hemolytic 
anemia for consecutive determination of serum transferrin receptor 
values. All serum samples were stored at —20°C until use. 

Sandwich radioimmunoassay. Quantitation of immunoreactive 
serum transferrin receptors by a sandwich radioimmunoassay was 
performed as previously described. Two monoclonal antibodies 
against the transferrin receptor, OKT9 and B3/25 were purchased 
from Ortho Diagnostic (Raritan, NJ) and Hybritech Inc (San 
Diego), respectively. Flat-bottomed polystyrene plates (Dynatech 
Lab, Alexandria, VA) were inoculated with 50 uL of OKT9 (10 
pg/mL) overnight at 4°C. They were then washed and incubated for 
one hour at room temperature with 100 aL of phosphate buffered 
saline containing 1% bovine serum albumin (BSA, Sigma Chemical 
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controls and the values for those with aplastic anemia 
were lower than that of normal controls. After iron supple- 
mentation in iron deficiency anemia, the serum transferrin 
receptor values increased twofold over those of pretreat- 
ment values. This Increase parallels an increase In periph- 
eral reticulocytes. Therefore, the number of circulating 
transferrin receptors in anemic patients may reflect the 
level of bone marrow erythropolesis and is a potentially 
useful new index for red cell production. 
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Co, St Louis) to prevent nonspecific binding. To each well in the 
plates, 40 uL of purified standard receptor (4 to 2,000 ng/mL) or 
serum samples was added. The standard transferrin receptors were 
obtained from human term placenta, which we reported previously.’ 
The plates were then incubated another 18 hours at 4°C, washed, 
and overlayed with 40 uL of “I-labeled B3/25 (5 x 10° cpm/ug/0.5 
mL). After additional incubation for 12 hours at 4°C, the plates were 
washed and the radioactivity of cach well was determined. All 
samples were performed in triplicate. Radioiodination of proteins 
was carried out by the lactoperoxidase and glucose oxidase method 
using Enzymobeads (Bio-Rad, Richmond, VA).’ 

Assay for reticulocyte counts, hemoglobin concentration, serum 
iron, total iron binding capacity, and serum ferritin. Peripheral 
reticulocyte counts in 1,000 RBCs were determined by the method of 
Pappenheim.* Hemoglobin was measured by cyanomethemoglobin 
method.? Serum iron and total iron binding capacity (TIBC) were 
determined by the method of International Committee for Standard- 
ization in Haematology.'*!! Serum ferritin was quantitated by 
SPAC ferritin kit (Daiichi Radioisotope Lab, Tokyo). 

Statistical analysis. Student’s t test was used to assess the 
statistical significance of the results shown in the designated tables. 


RESULTS 


Serum transferrin receptor levels in normal subjects and 
patients with various anemias are shown in Table 1. The 
mean values for healthy males and females were 25] + 94 
ng/mL (mean + 1 SD) (n = 38) and 256 + 99 ng/mL (n = 
54), respectively. No significant differences because of sex or 
age were observed. The mean values for nontreated patients 
with iron deficiency anemia and autoimmune hemolytic 
anemia were 730 + 391 ng/mL and 1,426 + 1,079 ng/mL, 
respectively, both of which were significantly higher than 
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Table 1. Serum Transferrin Receptor Levels in Normal Subjects and Patients With iron Deficiency Anemia, 
Autoimmune Hemolytic Anemia, and Aplastic Anemia 
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No. of Serum Transferrin 
Diagnosis Cases Receptor ing/ mE Range Onan e verie 

Normal subjects 92 253 + 82 70-440 — 

Male 38 251 + 94 80-420 ao 

Female 54 256 + 99 70-440 —- 
iron deficiency anemia 

Before treatment 41 730 + 391 100-1,700 «i OOF 

During treatment 14 1,016 + 326 460-1.800 < OOF 

After teetment 7 350 + 147 160-520 WS 
Autoimmune hemolytic anemia 

Before treatment 5 1,426 + 1,079 400-3 ,0 10 <05 

After treatment 5 538 + 150 380-750 <01 
Aplastic anemia 5 182 + 39 140-240 «02 
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in hemolytic anemia, the same five patients were studied before and after treatment with prednisolone. 


*Data are expressed as mean + 1 85D. 


+Statistically significant difference from normal values by Student's t test. 


those of normal subjects. On the other hand, the mean 
concentration for patients with aplastic anemia was 182 + 39 
ng/mL, which was significantly lower than that of normal 
subjects. During the iron supplementation in patients with 
iron deficiency anemia, the concentration increased up to 
1,016 + 326 ng/mL, while the absolute reticulocyte count 
increased from 2.42 + 0.97 x 10°/uL to 7.30 + 4.09 x 
10*/uL. Therefore, it seemed that the increase of serum 
transferrin receptor correlated well with the increase in 
reticulocytes. After the hemoglobin values were normalized 
by successful treatment with iron supplementation, the mean 
value returned to the normal range (350 + 147 ng/mL) in 
association with the decreased reticulocyte counts (5.16 + 
1.61 x 10*/pL). In patients with autoimmune hemolytic 
anemia, the significant decrease of serum transferrin recep- 
tor was observed after effective therapy of prednisolone. The 
absolute reticulocyte counts before and after steroid therapy 
were 36.1 + 6.4 x 10f/uL and 15.7 + 5.8 x 10°/uL, 
respectively, indicating that the decline of transferrin recep- 
tor in autoimmune hemolytic anemia paralleled the decrease 
of reticulocyte counts and the improvement of hemoglobin 
concentration. 

Table 2 demonstrates the correlation between serum 
transferrin receptor values and other hematological parame- 
ters such as reticulocyte counts, hemoglobin concentration, 
TIBC, serum iron, and serum ferritin in patients with iron 
deficiency anemia and hemolytic anemia. There was a good 
correlation between serum transferrin receptor and reticulo- 


cyte counts in both conditions, suggesting that the increased 
serum transferrin receptor values may reflect the increase of 
reticulocytes and bone marrow erythroid cells. In patients 
with iron deficiency anemia, significant positive or negative 
correlations were observed between serum transferrin recep- 
tor and other markers such as TIBC, serum iron, and serum 
ferritin concentration, whereas no other correlations were 
observed in autoimmune hemclytic anemia. 

The serial change of serum transferrin receptor values ina 
patient with iron deficiency anemia supplemented with intra- 
venous (IV) iron administration and in a patient with 
autoimmune hemolytic anemia treated with prednisolone is 
shown in Fig. 1. Just after the initiation of iron supplementa- 
tion, a transient increase of serum transferrin receptors was 
obtained, and thereafter the values increased again in asso- 
ciation with increased reticulocyte counts and returned to 
normal levels with the improvement of anemia (Fig 1A). Ina 
patient with hemolytic anemia, the serum transferrin recep- 
tor level also seems to parallel reticulocyte counts (Fig 1B). 


DISCUSSION 


We previously reported that immunoreactive transferrin 
receptor could be detected in human serum by a sandwich 
radioimmunoassay technique, although no clinical signifi- 
cance was elucidated.® In the present report, we measured 
the receptor concentration in various anemias and obtained 
the higher values in iron deficiency anemia and autoimmune 


Table 2. Corretation Coefficient Between Serum Transferrin Receptor and Other Parameters in Patients 
With tron Deficiency Anemia and Autoimmune Hemolytic Anemia 





iron Deficiency Anemia 
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No. of Correlation No. of Correlation 
Parameters Cases (n) Coefficient (r}* F Valuet Cases {n} Coefficient ir}* P valuet 
Reticulocyte counts 36 0.688 <.01 5 0.755 <,O5 
Hemoglobin concentration 36 -0.200 NS 5 —0.446 NS 
Total iron binding capacity 10 0.593 <,05 5 ~O.217 NS 
Serum iron 10 ~~ 0.651 <.Q5 5 0.347 NS 
Serum ferritin 10 --Q.703 <.05 5 0.460 NS 





*Correlation between serum transferrin receptor and various parameters, 


+Statistically significant linear regression. 
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Fig 1. 


Changes of serum transferrin receptor (TR), hemoglobin concentration (Hgb) and peripheral reticulocyte counts (Retic). (A) A 


patient with iron deficiency anemia during Iron supplementation. (B) A patient with autoimmune hemolytic anemia during treatment with 


prednisolone. TR. @: Hgb, A; Retic, O. 


hemolytic anemia and lower values in aplastic anemia (Table 
1). These values paralleled the peripheral reticulocyte counts 
(Table 2), suggesting that the serum transferrin receptors 
may reflect the turnover of transferrin receptors in erythro- 
cyte progenitor cells in the bone marrow. 

Since Jandl and Katz’ first reported the presence of 
transferrin receptors on the reticulocyte surface, erythrocyte 
progenitor cells have been considered the main source of 
transferrin receptors in the body as well as syntrophoblasts of 
placenta and malignant tissues.’ The overall dynamics of 
transferrin receptors has been extensively studied using the 
erythroleukemia cell line, K562°, and the expression of 
transferrin receptors is thought to be regulated by the 
equilibrium between its recycling and synthesis. Receptor 
mRNA synthesis is increased with the addition of iron 
deficient serum and iron chelating agents in vitro.'* There- 
fore, it is likely that the reticulocytes in iron deficiency 
anemia may possess more receptors than usual. 

Good correlations between serum transferrin receptor 
value and markers such as TIBC, serum iron, and serum 
ferritin were present only in iron deficiency anemia but not in 
autoimmune hemolytic anemia (Table 2). This result may 
explain that there is a double effect in iron deficiency 
anemia, ie, iron deficiency and erythropoiesis. Actually, in 
autoimmune hemolytic anemia, which could exclude the 
effect of iron deficiency, there is no correlation with TIBC, 
serum iron or serum ferritin. 


According to Pan and Johnstone,‘ the receptors of reticu- 
locytes were shed and released into the medium. We also 
found the same phenomenon in K562 cells. The shedding of 
transferrin receptor was inhibited by metabolic inhibitors 
such as cytochalasin B, colchicine, and sodium azide. The 
presence of ligand, on the other hand, increased this external- 
ization. These results suggest that this externalization of 
receptor is a ligand-dependent and energy-dependent pro- 
cess. Therefore the measurement of shed circulating recep- 
tors in the serum seems to be a practical and efficient way for 
estimating erythrocyte transferrin receptor turnover. The 
lower levels in aplastic anemia reflect decreased erythropoie- 
sis in the bone marrow. Interestingly, the biphasic increase of 
serum transferrin receptor levels was obtained in the clinical 
course of iron deficiency anemia during which IV iron was 
supplemented (Fig 1A). The transient increase was observed 
just after iron supplementation and the second increase was 
observed two to three days before the increase in reticulo- 
cytes. The first increase, just after iron supplementation, 
may be explained by the transient increase of receptor 
shedding according to the increase of serum diferric trans- 
ferrin, which facilitates the internalization and recycling- 
shedding process of the receptors. On the other hand, the 
second increase paralleled the reticulocyte increase may 
reflect the increase of erythron, namely the accelerated 
division and proliferation of erythroid precursor cells by 
incorporation of iron into the cells. It is noteworthy that 


1958 


serum transferrin receptor appeared two to three days before 
the increase in reticulocytes. In patients with autoimmune 
hemolytic anemia, the serum transferrin receptor level also 
seems to parallel reticulocyte counts (Fig 1B) and the serial 
determination was useful for monitoring the activity of the 
bone marrow erythroid mass. Therefore, the measurement of 
serum transferrin receptor is a simple and rapid method for 
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estimation of erythropoiesis, formerly estimated by reticulo- 
cyte counts or complicated ferrokinetic measurements such 
as plasma iron turnover (PIT) and percent red cell use 
(@RCU).” In conclusion, the measurement of circulating 
transferrir receptor in patients with various anemias may be 
a useful new index for estimating the bone marrow erythro- 
poiesis. 
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Coordinate Glycosylation and Cell Surface Expression of Glycophorin A 
During Normal Human Erythropoiesis 


By Michael R. Loken, Curt |. Civin, William L. Bigbee, Richard G. Langlois, and Ronald H. Jensen 


The expression of two epitopes on glycophorin A (GPA) 
during erythroid development was examined on normal 
human bone marrow using quantitative flow cytometry. 
The highly correlated binding of two monccional antibod- 
ies, one sensitive and the other insensitive to glycosylation, 
indicated that the two epitopes were coordinately 
expressed during erythrold development. Both antigens 


LYCOPHORIN A (GPA) is the major sialoglycopro- 
tein of the human erythrocyte membrane.'” This pro- 
tein is restricted to the erythroid lineage.’ Cell surface 
expression of GPA is first detected at the erythroblast stage 
of development, after the cells can no longer form erythroid 
colonies.’ GPA occurs in two allelic forms corresponding to 
the (M) and (N) antigens of the MN blood group.*° The (M) 
and (N) antigens are identical except for two amino acid 
differences in the amino terminal region, but 0-linked tetra- 
saccharides in this region are required for the binding of 
many (M) and (N) specific antibodies.”” 

Biochemical analyses of cell lines (K562 and HEL) 
stimulated to undergo maturation and comparisons of abnor- 
mal with normal bone marrow suggested that GPA acquired 
an increased number of 0-linked tetrasaccharides when the 
erythroid cells matured.’ These conclusions were supported 
by experiments using antibodies that detected (M) and (N) 
blood group antigens.” 

In studying the expression of GPA during normal erythro- 
poiesis, we showed that GPA reached maximal expression at 
the basophilic normoblast stage and remained in a constant 
amount per cell throughout further maturation to the eryth- 
rocyte.* The reported late glycosylation of GPA during 
erythrocyte development was difficult to explain in light of 
this invariance of amount of GPA on the maturing erythroid 
cells. Therefore, we investigated the correlated expression of 
two epitopes of GPA during erythropoiesis using monoclonal 
antibodies, one epitope was insensitive to glycosylation while 
the other required intact tetrasaccharides. 


MATERIALS AND METHODS 


Monoclonal antibodies. Anti-GPA (M) (9A3) binds only to 
type (M) glycophorin A while anti-GPA (M/N) (10F7) identifies 
both types (M) and (N) GPA.'*" Fluorescein isothiocyanate 
(FITC) was used to prepare directly conjugated 10F7." Rat anti- 
mouse kappa phycoerythrin (PE) and isotype control IgG, FITC was 
obtained from Becton Dickinson Immunocytometry Systems, Moun- 
tain View, CA." 

Cell preparation and ‘immunofluorescence. Bone marrow aspi- 
rates were obtained from three consenting normal adult volunteers. 
Collection of samples was performed after approval by the Institu- 
tional Review Board, as approved by the Department of Health and 
Human Services. The low-density leukocytes (1.077 g/mL) were 
stained using indirect-immunofluorescent as described.‘ Briefly, 10° 
cells were incubated sequentially with anti-GPA(M), rat anti-mouse 
kappa PE, 10% normal mouse serum, and anti-GPA(M/N) FITC 
with a wash interspersed between each step. As a negative control an 
IgG, FITC monoclonal antibody with irrelevant specificity was used 
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reached a maximum expression during the early normo- 
blast stage and were maintained at a constant amount per 
cell throughout further maturation to erythrocytes. These 
data suggest that glycosylation of GPA, as detected by 
antibodies recognizing blood group (M) and (N) antigens, 
does not increase during erythroid maturation. 

©1987 by Grune & Stratton, Inc. 


in place of the anti-GPA (M/N). The cells were fixed in 1% 
paraformaldehyde for later analysis.” Some bone marrow cells were 
incubated with 0.5 IU neuraminidase for one hour at 37°C (Sigma, 
St Louis) before immunofluorescence staining.'? The data from 
three separate experiments gave identical results. 

Flow cytometry. Quantitative fluorescence analyses were per- 
formed on a FACS 440 (Becton Dickinson) using the filter combina- 
tions previously described." Linear amplifiers were used for the light 
scattering signals, while 4-decade logarithmic amplifiers were used 
for the fluorescence signals. A minimum of 20,000 events were 
collected in list mode with contour levels drawn at 2, 4, 8, 16, 32, 64, 
and 128. 


RESULTS 


All immunofluorescence analyses were performed by gat- 
ing on either the “Lymph” or the “Blast” light scattering 
populations identified for normal bone marrow (Fig 1). No 
staining above background was found for either the anti- 
GPA (M) specific or the anti-GPA (M/N) binding antibody 
on cells which were in the “Gran” light scattering window 
(data not shown). 

The indirect immunofluorescence staining with the anti- 
GPA (M) specific antibody used rat anti-mouse kappa PE as 
a second step. A distinct population of labeled cells was 
observed in both the “Lymph” and “Blast” light scattering 
windows (Fig 2A). The lack of staining with the negative 
control, IgG, FITC, indicated that there was complete 
blocking of the free valencies of the rat anti-mouse kappa PE 
by normal mouse serum used in the staining protocol. 
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Fig 1. Correlation of forward and right angle light scattering 
of low density human bone marrow after immunofiuorescence 
Staining and fixation. Three populations of cells are identifiable in 
this plot:“Lymph” including lymphocytes, mature erythrocytes, 
and late normoblasts; “Blast” including early normobiasts, 
erythroblasts, monocytes, monoblasts, and myeloblasts; “Gran” 
exclusively neutrophil lineage from promyelocyte to mature neu- 
trophil.* The fluerescence data in Fig 2 were gated on either the 
“Lymph” or “Blast” light scattering window. The differences 
observed between this light scattering pattern and that previously 
reported are a consequence of the fixation of the celis.“ 


When the anti-GPA (M) and anti-GPA (M/N) antibod- 
ies were used together to stain the sample, they bound to the 
same cells (Fig 2B). There were no cells that stained with the 
anti-GPA (M) (9A3) antibody that did not also bind the 
anti-GPA (M/N) (10F7) antibody and vice versa. In addi- 
tion, there was a tight quantitative correlation of binding of 
the two antibodies on the cells (Fig 2B, “Blast”). The 
intensity of fluorescence of the anti-GPA (M) staining was 
the same whether or not the anti-GPA (M/N) was bound to 
the cells. These data suggest that the two antibodies identi- 
fied the same antigen but bound at different epitopes’? since 
they did not inhibit the attachment of the other antibody. 

An aliquot of the same bone marrow preparation was 
treated with neuraminidase (which selectively removes sialic 
acid residues) before immunofluorescence labeling by the 
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Fig 2. Correlation between anti-GPA (M) specific and anti- 
GPA (M/N) reactive monoclonal antibodies on normal human bone 
marrow. (A) Comparison of anti-GPA (M) specific antibody with a 
negative control of IgG, FITC. {B} Fluorescence analysis of mar- 
row cells double labeled with anti-GPA (M) and anti-GPA (M/N) 
antibodies. (C} Fiuorescence analysis of marrow cells treated with 
neuraminidase before labeling with both anti-GPA (M) and anti- 
GPA (M/N) antibodies. 
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two anti-GPA antibodies. Binding of anti-GPA (M) was lost 
with the removal of the terminal sialic acid residues while no 
difference in intensity of anti-GPA (M/N) binding (Fig 2C). 
This illustrated the absolute requirement of the terminal 
sialic acids for the binding of the (M) specific antibody. This 
enzymatic treatment had no effect cn the binding of the anti 
GPA (M/N) antibody. 


DISCUSSION 


Both of the anti-GPA monoclonal antibodies used in this 
study recognize the amino terminal peptide of the glycopho- 
rin A molecule with essentially no reactivity with glycopho- 
rin B.” The anti-GPA (M) specific antibody (9A3) requires 
the terminal sialic acid residues for binding, as shewn 
previously on erythrocytes” and, in this study, on less mature 
erythroid lineage cells (Fig 2C). The binding of the anti- 
GPA (M/N) antibody ({0F7) is unaffected by neuramini- 
dase treatment, both on mature erythrocytes and on imma- 
ture erythroid cells (Fig 2C).'? Anti-GPA (M/N) also reacts 
with cells which lack all but the first carbohydrate residue of 
the tetrasaccharides on the GPA." These data suggest that 
the anti-GPA (M/N) probably binds to a glycosylation 
insensitive site somewhat removed from the N-terminus.” 

The highly correlated expression of the two epitopes shown 
in Fig 2B suggests that the two antibodies identify not only 
the same populations but that the two epitopes were coordi- 
nately expressed on those cells. Since all maturational stages 
of erythroid development are represented in the normal bene 
marrow, these data indicate that the two epitopes appear at 
the same time during erythroid maturation. Thus, GPA is 
sialated at the time that it is first expressed on the cell 
surface. 

The morphological analysis of cells sorted on the basis of 
GPA intensity indicated that GPA first appears during the 
erythroblast stage.‘ Cells with intermediate amounts of GPA 
were >90% erythroblasts while those expressing maximal 
amounts of GPA were predominantly normoblasts. The less 
mature normoblasts were larger than the more mature cells 
and could be distinguished by light scattering differences. 
Since both the anti-GPA (M/N) and anti-GPA (M) epi- 
topes follow the same pattern of expression during matura- 
tion, it can be concluded that there is no change in the sialic 
acid residues on these epitopes on GPA after the erythroblast 
stage. The anticGPA (M/N) and the anti-GPA (M) epitopes 
both reach a maximum amount per cell and remain constant 
during further maturation of the cells to erythrocytes. 

If there were glycosylation curing the later normoblast 
stages of maturation, a discordance in immunoflucrescence 
staining would be observed, as has been demonstrated with 
other erythroid cell surface antigens such as transferrin 
receptor and CD45 (common leukocyte antigen)” 

The observations by Ekblom et al may have resulted from 
less precise quantitation of the binding of their monoclonal 
antibodies and their rabbit antiserum.'°'' In addition, the 
flow cytometric experiments detected only cell surface anti- 
gens while immunofluorescence staining after fixation on a 
slide identified both cell surface and cytoplasmic antigens. 
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tdic(9;12): A Nonrandom Chromosome Abnormality in Childhood B-Cell 
Precursor Acute Lymphoblastic Leukemia: A Pediatric Oncology Group Study 


By Andrew J. Carroll, Susana C. Raimondi, Dorothy L. Wiliams, Frederick G. Behm, Michael Borowitz, Robert P. 
Castleberry, Michael B. Harris, Richard B. Patterson, D. Jeanette Pullen, and William M. Crist 


in a review of 432 children with newly diagnosed acute 
lymphoblastic leukemia (ALL), we identified a new nonran- 
dom translocation, tdic(9;12)(p1?1:p1?2), in the leukemic 
marrow cells of eight patients. Seven had hypodiploid 
karyotypes that lacked chromosomes 9 and 12 and con- 
tained a der(12), tdic(9;12); the eighth had a pseudodiploid 
karyotype with two normal 9 chromosomes, one normal 12 
and the der(12), tdic(9;12). Abnormalities involving chro- 
mosomes other than 9 and 12 were noted in four of the 


HROMOSOMAL rearrangements have been identified 

as the single most important prognostic variable in 
childhood acute lymphoblastic leukemia (ALL).' Moreover, 
certain nonrandom rearrangements, including the t(4:11) in 
infants with undifferentiated acute leukemia, the t(8;14) in 
B cell ALL, the t(1:19) in pre-B cell ALL,” and the t(1 1:14) 
and t(10;14) in T cell ALL,“ are associated with specific 
clinically and immunologically defined subclasses of ALL. 
Other chromosomal abnormalities often found in the blast 
cells of patients with ALL include the t(9;22),° 6q~—* and a 
deletion or rearrangement of 9p*? and of 12p.'"'' These 
structural abnormalities are usually found in pseudodiploid 
karyotypes and are seen less frequently in other ploidy 
groups. We have reviewed the cytogenetic features of 432 
children with newly diagnosed ALL and have found a new 
nonrandom translocation, tdic(9;12)(p1?1:p1?2), in the leu- 
kemic B cell precursors of eight patients, seven of whom had 
hypodiploid karyotypes. 


MATERIALS AND METHODS 


Patients. A total of 432 consecutive cases of ALL with fully 
banded chromosomes were available for review. Their distribution 
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eight patients. All cells with the tcic(9:12) expressed both 
the common ALL antigen and HLA-DR. Cytoplasmic immu- 
noglobulin, a marker of pre-B ALL, was detected in one 
case with the tdic(9:12)} but was absent in the other seven. 
Our results suggest that the tdic(9:12)(p1?1;p1?2) rear- 
rangement is specifically associated with leukemic B cell 
precursors. 

© 1987 by Grune & Stratton, Inc. 


according to referral center was: St Jude Children’s Research 
Hospital, 187 cases studied between 1984 and 1986, Universiy of 
Alabama ai Birmingham (UAB), 100 cases studied between 1979 
and 1985; and the Pediatric Oncology Group (POG) 8600 study, 145 
cases in which marrow specimens were shipped to the UAB cytoge- 
netics laboratory for chromosome analysis between January and 
June 1986, All patients were advised of the procedures aad attendant 
risks, in accordance with institutional guidelines, and informed 
consent was obtained in each instance. 

Immunologic characterization. After separation on a Ficoll- 
Hypaque gradient, the leukemic marrow cells were evaluated by 
standard techniques for surface immunoglobulins (slg)? cytoplas- 
mic immunoglobulins (clg),"’ and receptors for sheep ervthracytes."4 
In cases of pre-B cell or B cell ALL, >10% of the blasts expressed 
either clg or slg. A case was considered E-rosette positive if 40% of 
the blasts formed heat stable E-rosettes. Surface antigens, including 
CALLA (CD10), BI (CD20), and HLA-DR, were determined by 
indirect imraunofluorescence or, in some cases, by microcytotoxicity 
assays with use of heteroantisera, as previously described.’° In the 
cytotoxicity assays, 20% reactivity above control was considered 
positive in immunofluorescence. 

Chromosome analysis. Bone marrow samples fram the 187 
patients studied at St Jude Hospital were processed directly aceord- 
ing to the method of Williams et al Samples from the 100 patients 
seen at UAB were either processed directly or placed in short-term 
culture, or both.’ Samples from the 145 POG patients were placed in 
RPMI 1640 supplemented with 15% fetal calf serum and shipped 
overnight te the UAB cytogenetics laboratory. On arrival, they were 
subjected to short-term (24 hour} culture.” Routine methods were 
used for culture harvest, slide preparation, and GTG-banding. 
Karyotypic designations were assigned according to the Interna- 
tional System for Human Cytogenetic Nomenclature." 


RESULTS 

Three hundred twenty-eight (76%) of the 432 cases stud- 
ied had a cytogenetically abnormal clone, eight of which 
(Table 1) showed a translocation involving chromosomes 9 
and 12. The resulting derivative chromosome appeared to be 
dicentric with breakpoints tentatively assigned at 9pl l and 
12p12; consequently, the rearrangement was designated 
tdic(9;12)(pt?1:p1?2)(Fig 1). We are aware that, on close 
examination of the derivative chromosomes shown in Fig iit 
could be reasonably suggested that the chromosome break- 


we Cannot rule out case to case variation in breakpoints, it is 
also possible that the apparent differences are the result of 


contracted chromosomes since we observed a similar degree 
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toic(9: 12) in B-CELL PRECURSOR ALL 


Table 1. Cytogenetic Findings in the Eight Cases With tdic (9:12) 
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No. of Abnormal 
Case Metaphases Metaphases 
No. Examined (%) Abnormal Karyotype 
1 21 20 45,XY,—9,— 12, + der{12) tdic(9; 12) 
(pl tip t2) 
2 Z2 45 45, XY, — 9, — 12, + der( 12) tdic{9;12)} 
(p11;p12) 
3 21 90 45 XY, —9, — 12, + der{ 12), tdic(9; 72) 
{pt t:p12) 
4 20 80 45, XY,—9,- 12, + der(12) tdic(9; 12) 
(pitipi2) 
5 17 50 45 XY del Xi(q26),--9, -— 12, + 
der{ 12}, tdic(9;12Hp11:p12) 
6 21 95 45 XY deli7p15),~-9,— 12,4 
der{ 12) tdic{9: 12}p 1 1:p 12) 
7 20 80 45 XX, —5,— 9, — 12, + der(72), 
tdic(9; 12Hp11:p12), + mar{? 14), 
?dupl6}iq2 1426) 
8 20 75 46,XY,— 12, + deri 12} tdic(9; 12) 


(p 11:0 12H60%)/45.XY, -8,—9, 
-— 12 +der(8),t(8:9Hp23:q13}, 

+ der(12),tdic(9; 12} 

pt tip 12} 15%) 
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of variation between metaphases from individual patient 
cultures. The fact that the alternate derivative chromosome, 
containing the remaining short-arm material from chromo- 
somes 9 and 12, was absent in all eight cases supports our 
contention that the translocation results in a dicentric chro- 
mosome. Furthermore, C-banding demonstrated the pres- 
ence of the 9gh region on the der(12} chromosome tn each of 
the three cases examined in this manner. Seven cases were 
hypodiploid, lacking a 9 and a 12 chromosome, and con- 
tained a der{12),tdic(9;12). The eighth case had a pseudodi- 
ploid karyotype with two normal 9 chromosomes, one normal 
12 and the der(12),tdic(9;12). Abnormalities involving chro- 
mosomes other than 9 and 12 were noted in four of the eight 
cases. One case had two cytogenetically abnormal clones, 
both with the tdic(9;12). The proportions of cytogenetically 
normal cells in each case ranged from 5% to 80%. 

Table 2 lists the clinical and laboratory findings in the 
eight cases with the tdic(9;12}. Blast cells uniformly 
expressed both CALLA and HLA-DR. In five of seven cases 
in which it was determined, blast cells also expressed CD20 
(BI). In seven cases the blast cells were morphologically 
classified as FAB L1. Cytoplasmic Ig was detected in one 
case. With the possible exception of male predominance 
(M:F ratio, 7:1), there were no obvious variations in clinical 
features that would distinguish these patients from the larger 
group with B cell precursor ALL lacking the tdic(9:12). 
Leukocyte counts ranged from 2.9 to 132 x 10°/L and ages 
from 3 to 16 years. Three patients had extramedullary 
disease at the time of the diagnosis. 


DISCUSSION 
These results suggest that a rearrangement involving the 
short arms of chromosomes 9 and 12, tdic(9;12)(p1?1;p1?2) 
is an acquired, nonrandom chromosome abnormality with a 
frequency of ~2% among children with ALL. It appears to be 
limited to cases of B cell precursor ALL, specifically those 
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Fig 1. The tdic(9:12)(p1?71:p1?2) associated with B cell pre- 
cursor ALL. (A} Diagram showing the G-banded pattern of the 
derivative (der) chromosome and normal homologues involved in 
the tdic(9:12}. {B} Representative partial karyotypes fror three 
different patients with the tdic{9;12). Top, case no. 1; middle, case 
no. 6; and bottom, case no. 8. The arrows indicate the approxi- 
mate positions of the breakpoints. 


* 
characterized by CALLA, HLA-DR, and usually CD20 
expression, a phenotype seen in 25% to 30% of cases of ALL 
in children. It may occur much more frequently in boys, as 
has been noted for chromosome 9p abnormalities in 
ALLS 

We are aware of only two other reports of a similar 9:12 
translocation. The LAZ 221 cell line, established from the 
peripheral blood of a patient with “null” cell ALL, was 
characterized as having a karyotype of 45, XX, = 9,12, 
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Table 2. Clinical and Laboratory Findings for the Eight Cases With tdic(9;12) 


WBC Hb 
Case No, FAB Type Agetlyr} Sex ix 10/13 (mag/ db} 
1 L1 3 M 2.9 4.1 
2 L1 16 M 6.1 12.3 
3 L1 15 M 19.0 11.2 
4 L1 4 M 15.1 8.7 
5 L1 4 M 132.0 4.4 
6 L1 8 M 44.2 6.5 
7 L2 6 F 8.2 5.8 
8 L1 12 M 3.7 9.2 


Cell Markers 
—= Extramedullary 
immunophenotype CALLA HLA-DR 84 Disease 

Commen + 4 $ 2 
Commen $ + ae i 
Common + + nm $ 
Common fe ee aa = 
Common + os = 4 
Common + a NT 

Cammon + $ ee 

Pre-B + 4 + 4 





Abbreviation. NT, not tested. 


-+t(9q12q).'® In a review of 70 cases of ALL, Heerema et al’ 
identified a child whose blast cell karyotype was 
45,XY,—9,-—-12,+der(12)t(9;12)(ql;p13). Further exami- 
nation of this case indicated that the abnormality was the 
same as that in our eight cases (N.A. Heerema, personal 
communication, January 1987). 

Deletions or rearrangements involving the short arm of 
chromosome 9 or the short arm of chromosome 12 seem to be 
equally common among children with ALL, with each 
occurring in ~10% newly diagnosed cases.°'' Thus, the 
tdic(9;12) may define a distinct subgroup of patients who 
could be included in either or both of these cytogenetic 
categories. In fact, cases no. 2, 5, and 6 were previously 
included in reports describing 9p or | 2p abnormalities.”"' In 
addition, cases no. 3 through 5 were included in a report” 
concerning hypodiploidy and its association with treatment 
outcome in childhood ALL. 


Many nonrandom chromosomal translocations associated 
with chronic or acute leukemia involve breakpoints at or near 
the assigned loci for genes encoding proteins that affect cell 
growth. In view of the fact that the c-Kirsten-ras 2 oncogene 
has been mapped to 12p11.1-p12.1,” molecular studies of 
cases with the tdic(9;12) appear warranted. 

The clinical significance of the tdic(9;12) is uncertain 
since so few patients with the abnormality have been 
reported and the follow-up times for most of them are short. 
Nevertheless, all eight patients described in this report 
attained complete remission and remain free of leukemia for 
5 to 36 months (median, 10 months). Previous reperts 
indicating that the presence of a chromosomal translocation’ 
or hypodiploidy”® confers a poor prognosis suggest that 
patients with the tdic(9;12) are at increased risk for treat- 
ment failure; however, longer follow-up is required to sub- 
stantiate this impression. 
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CONCISE REPORT 


Host Origin of the Human Hematopoietic Microenvironment Following 
Allogeneic Bone Marrow Transplantation 


By Joseph Laver, Suresh C. Jhanwar, Richard J. O'Reilly, and Hugo Castro-Malaspina 


The origin of marrow stromal cells post allogeneic bone 
marrow transplantation (BMT) was studied. Two groups of 
patients receiving HLA-identical marrow grafts from sex 
mismatched siblings were included in the study: the first 
group (eight patients) received conventional marrow grafts 
and the second group (ten patients) received stromal cell 
and T cell depleted grafts. All patients showed hemato- 
poietic engraftment with donor cells. Marrow aspirates 
obtained from these patients were used to establish stro- 
mal layers in long-term marrow cultures (LTMC) for 4 to 6 
weeks. In both groups, karyotype analysis of nonhemato- 


N INTACT hematopoietic microenvironment is 
required for successful engraftment of donor hemato- 
poietic stem cells.’ The origin (host v donor) of this marrow 
compartment following bone marrow transplantation 
(BMT) is still controversial. Keating et al’ reported that the 
microenvironment becomes progressively of donor origin, 
while other studies assessing stromal cell subpopulations 
suggested a host origin.“* Donor origin would imply that 
stromal engraftment is required for successful marrow trans- 
plantation, whereas host origin would imply that the indige- 
nous stroma remains functionally active following prepara- 
tory pretransplant treatment. In case of host origin, the 
design of new aggressive cytoreductive protocols should 
consider the effects of such therapy on the marrow microen- 
vironment. Since failure or delay of hematopoietic reconsti- 
tution might be due to an impaired marrow microenviron- 
ment, it is important to determine the origin of these cells. A 
better understanding of the origin of marrow stromal cells 
can be reached by comparative analysis of stromal and 
hematopoietic reconstitution in recipients of stromal cell- 
containing and stromal cell-depleted marrows. The latter 
marrow grafts that are depleted of stromal cells by soybean 
lectin agglutination,” provide a unique model for studying the 
transplantability and the origin of stromal cells following 
BMT. In this study, we have addressed these questions by 
using chromosomal analysis of cultured marrow microenvi- 
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poietic cultured stromal cells showed host origin even as 
late as day 760 posttransplantation. Immunofiuorescence 
methods using monoclonal antibodies against components 
of fibroblasts, macrophages, and endothelial cells, showed 
that the composition of stromal layers was similar to those 
obtained from normal controls. Our data indicate that 
marrow stromal progenitors capable of proliferation are 
nontransplantable and do nct originate from a hemato- 
poietic-stromal common progenitor. 

© 1987 by Grune & Stratton, Inc. 


ronmental cells derived from patients who had received 
either conventional or stromal depleted marrow grafts from 
HLA-identical donors, and showed host origin in all 
instances. 


MATERIALS AND METHODS 


Patients. Eighteen patients who received allogeneic marrow 
grafts from sex mismatched HLA identical siblings were studied. 
After informed consent was obtained, patients were prepared for 
transplantaiion with hyperfractionated total body irradiation and 
cyclophosphamide (except one patient with severe aplastic anemia 
who received total lymphoid irradiation and cyclophosphamide). 
Eight patients received conventional grafts and ten received mar- 
rows depleted of stromal progenitors and T cells. The separation 
method, involving soybean agglutination and E-rosetting (SBA), 
was originally used to eliminate T cells’ and was subsequently found 
to deplete stromal progenitors as well? 

Long-term marrow cultures, Bone marrow aspirates post-BMT 
were obtained at 14 to 760 days in the conventional group and H4 to 
563 days in the SBA separated group. Long-term cultures of human 
marrow (LTMC) were established according to the method of 
Gartner and Kaplan“ with some modifications? Briefly, 20 x 10° 
marrow buffy coat cells in 10 mL of LTMC medium were inoculated 
into T-25 tissue culture flasks. Cultures were then gassed with 5% 
CO, in air and incubated at 33°C. The LTMC medium consisted of 
supplemented McCoy’s SA medium containing 12.5% horse serum, 
12.5% FCS and 10°° mol/L hydrocortisone sodium succinate (Cal- 
biochem-Behring, La Jolla, CA). At weekly intervals, half the 
supernatant medium and suspension cells were removed and 
replaced with fresh LTMC medium. The development of marrow 
stromal layers was assessed every seven days under a phase contrast 
inverted microscope and the percentage of the flask surface covered 
by the stromal interlocking network was visually estimated and 
recorded. 

To evaluate the composition of the adherent stromal cells in 
culture we used immunofluorescence methods using antibodies to 
components of fibroblasts (collagen type HI and fibronectin), endo- 
thelial cells (factor VIH related antigen), and macrophages (meno- 
cyte surface molecules recognized by 631D3 and 61D3 mouse meno- 
clonal antibedies), as previously described.’ 

Cytogenetic studies. To assess the origin of hematopoietic and 
stromal cells, chromosomal analysis of fresh bone marrow cells and 
trypsinized UTMC stromal cells was performed using quinacrine 
dihydrochloride staining (Q-banding).'° The binomial distribution 
was used to calculate the probability to identify donor stromal cells 
derived from LTMC. 
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Table 1. Karyotype Analysis of Marrow Hematopoietic and Stromal Cells Following Unseparated Grafts 














UPN Age {yr} Diagnosis Host Donor Day Post-BMT Hematopoietic ¢ Stromal 
1 7 ALL M F 33 46 ,XX(30/30) 46, X¥130/30) 
760 46,XX{30/30) 46, XY(34/34) 
2 7 AML M F 150 46,XX{18/18) 46 X¥(30/30) 
3 8 AML F M 30 46,X¥(30/30) 46,XX(16/16) 
60 46,XY(30/30) 46,XX(32/32) 
4 8 ALL M F 14 46,.XX(30/30) 46.X¥(10/10) 
74 46,XXi29/29) 46 X¥(32/32) 
5 8 AA M F 120 46,XX(30/30) 46,X¥(28/28) 
640 46 ,XX{30/30) 46,X¥(32/32) 
6 11 AML M F 101 46,XX{16/16) 46 X¥(34/34) 
7 12 ALL M F 31 46,XX{16/18) 46,XY{9/9) 
8 14 AML F M 50 46,XY(30/30} 46, XX(24/24) 








et Yaseen bt ANA HEI Wem im epee = 


Sex Marrow Karyotype* 


Abbreviations: AML, acute myelocytic leukemia: AA, aplastic anemia. 


*in parentheses appears the number of cells with given karyotype as fraction of total number of cells studied. 


+Donor’s karyotype. 


RESULTS 


The eighteen patients included in this study showed 
engraftment with donor hematopoietic cells, Hematopoietic 
cells remained of donor origin throughout the study period. 
In contrast, chromosomal analysis of cultured stromal cells 
in 4 to 6-week-old LTMC showed host origin in recipients of 
either unmodified (group 1) or stromal cell depleted marrow 
grafts (group 2) (Tables | and 2). In both groups the 
composition of stromal layers in LTMC derived from mar- 
rows obtained over day 35 of the BMT was similar to that 
seen in normal controls and included fibroblasts, lipid- 
containing cells, macrophages, and 5% to 10% endothelial 
cells (Table 3). In group 1, 311 stromal metaphases were 
studied. All, including 158 over day 100 post-BMT, showed 
host origin. In group 2, 367 metaphases including 273 over 
day 100 post-BMT were studied showing host stromal origin. 
It is unlikely that the presence of donor stroma was missed as 
the probability to do so is extremely low. For instance, if the 
frequency of donor stromal cells was 5%, the probability that 


none would be identified in a random sample of over 300 
metaphases is <0.1%. Furthermore, in our laboratories we 
have been able to identify as low as 3% mosaicism in marrow 
specimens obtained after marrow transplantation. 


DISCUSSION 


The data presented show the host origin of cultured 
marrow stromal cells obtained from patients successfully 
transplanted with allogeneic grafts. These findings suggest 
that chemoradiotherapy used for myeloablation does not 
fully ablate marrow stromal progenitors. Achievement of 
successful hematopoietic engraftment in these patients indi- 
cates that the host microenvironment plays an important role 
in the posttransplant period: In the early stages it provides 
favorable conditions for hematopoietic engraftment, and 
later it reconstitutes a functional microenvironment capable 
of sustaining hematopoiesis. Since the reconstitution of the 
marrow microenvironment requires proliferation of stromal 





Sex Marrow Karyotype“ 

UPN Age tyr) Diagnosis Host Donor Day Post-BMT Hematopoietic t Stromal 
9 10 ALL M F 226 46, XX (30/30) 46 XY (16/76) 
10 15 ALL M F 35 46 XX (23/24) 46, XY (12/12) 
116 46 XX (28/29) 46 XY (32/32) 
11 15 NHL M F 28 46,XX (30/30) 46 XY (12/12) 

42 46, XX (30/30) 46, X¥ (8/8) 
12 16 AML M F 14 46,XX (27/27) 46 X¥ (40/40) 
110 46,XX (16/16) 46, XY (30/30) 
13 28 CML F M 109 46, XY {12/12} 46 XM {12/12} 
14 28 CML F M 24 46,XY (30/30) 46 XX (10/ #0) 
103 46, XY {24/24} 46 XX (24/24) 
324 46. XY (30/30) 4G, XX (34/34) 
15 33 CML M F 309 46,xXX {30/30} 46,XY (29/29) 
16 33 AML F M 21 46,XY (239/29) 46, XX {12/12} 
390 46,XY {30/30} 46, XX (30/30) 
17 34 AML M F 563 46 XX (26/26) 46 XY (32/32) 
18 36 CML. F M 287 46.XY (30/30) 46 XX (34/34) 





Abbreviations: NHL, non-Hodgkin lymphoma; CML, chronic myelocytic leukemia. 
*in parentheses appear the number of cells with given karyotype as fraction of total number of cells studied. 


Table 2. Karyotype Analysis of Marrow Hematopoietic and Stromal Cells Following Stromal Depleted Grafts 
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Table 3. Cellular Composition of Stromal Layers 
in Long-Term Marrow Culture 


ER MM EAS EEPE E AAE DAE VEEP n A H EE A A i r A EE EN E AA AAAA e HAEA AAA AAEN EAE EERE e ERAN YA mR HAY 


Relative Frequency * 


Stroma’ Layers 
Derived From 





Stromal Layers 
Derived From 





Celi Type Post-BMT Marrows Normal Marrows 
Fibroblast fb + fe te Ae 
Adipocyte + + ++ 
Endothelial cell + + 
Macrophage +o H 


The cellular composition was assessed by immunofluorescence stain- 
ing with antisera against type IH collagen and fibronectin for fibroblasts, 
and against factor Vill-related antigen for endothelial cells, as well as 
monocional antibodies recognizing monocytic antigens and by light 
microscopy for adipocytes. The presence and relative amount of different 
cell types were assessed semiquantitatively by grading their frequency 
from + to + ++ +: +5% to 10%; ++,11% to 25%; ++ +, 26% to 
50%: ++ ++, 50%. 

“Cultures were initiated with 20 x 10° marrow cells per flask and 
after six weeks of incubation adherent layers were examined for their 
cellular composition. 


progenitors it is important to determine the origin of stromal 
cells capable of undergoing mitosis. 

Our results showing host origin of proliferating marrow 
microenvironmental cells following BMT suggest that stro- 
mal progenitors are nontransplantable. The apparent dis- 
crepancy between our results and those reported by Keating 
et al’ can be explained by the differences in the techniques 
used to assess cultured stromal cells and the type of cells 
analyzed by these methods. We used chromosomal analysis, 
which determines the origin of stromal cells capable of 
undergoing mitosis, whereas Keating by determining the 
presence of the Y-body chromosome analyzed nondividing 
cells (cells in interphase). Identifying donor derived macro- 
phages that are abundantly present in stromal layers with the 
Y-body method could lead to the incorrect conclusion that 
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stromal cells post BMT are of donor origin. In contrast, 
chromosomal analysis assesses only cells undergoing mitosis 
and excludes differentiated nondividing cells such as macro- 
phages. Using karyotype analysis, other investigators have 
also shown that certain stromal elements, such as marrow 
fibroblasts and reticulofibroblastoid cells, are of host origin 
following allogeneic unmodified marrow grafts.** Analogous 
discrepancy exists regarding the origin of stromal cells in 
patients with clonal hematopoietic disorders such as chronic 
myelocytic leukemia. This, once again, can be explained by 
the different cell populations used for study (dividing v 
nondividing cells). Chromosomal analysis has demonstrated 
that stromal cells do not originate in the malignant clone" 
whereas G6PD studies? of nondividing cells in patients 
heterozygous for types A and B of the enzyme, have 
suggested that stromal cells arise from the malignant hema- 
topoietic clone. 

In addition to the nontransplantability of marrow stromal 
cells, our data are against the notion of a common hemato- 
poietic-stromal progenitor. Marrow transplantation with 
SBA separated grafts provides a unique model to answer 
whether stromal and hematopoietic cells share a common 
progenitor. Following BMT, a microenvironment of donor 
origin could develop through two possible mechanisms: (1) 
engraftment with a common stromal-hematopoietic progent- 
tor giving rise to both marrow compartments, or (2) engraft- 
ment with a transplantable stromal progenitor that gives rise 
only to stromal cells and not to hematopoietic cells. Conven- 
tional marrow grafts containing stroma! and hematopoietic 
progenitors cannot discriminate between these two mecha- 
nisms, whereas marrow grafts cepleted of stromal progeni- 
tors by eliminating the second possibility can be used to test 
the first mechanism. Our results with stromal depleted 
marrow grafts showing engraftment with donor hemato- 
poietic cells without the emergence of donor stromal cells, 
rule out the hypothesis that stromal and hematopoietic cells 
share a common progenitor. 


REFERENCES 


1. Tavassoli M, Friedenstein A: Hematopoietic stromal microen- 
vironment. Am J Hematol 15:195, 1983 

2. Keating A, Singer JW, Killen PD, Striker GE, Salo AC, 
Sanders J, Thomas ED, Thorning D, Fialkow PJ: Donor origin of the 
in vitro haematopoietic microenvironment after marrow transplan- 
tation in man. Nature 298:280, 1982 

3. Golde DW, Hocking WG, Quan SG, Sparber RS, Gale A: 
Origin of human bone marrow fibroblasts. Br J Haematol 44:183, 
1980 

4. Lim B, Izaguirre CA, Aye MT, Huebsch L, Drouin J, Rich- 
ardson C, Minden MD, Messner HA: Characterization of reticulo- 
fibrobkastoid colonies (CFU-RF) derived from bone marrow and 
long term marrow culture monolayers. J Cell Physiol 127:45, 1986 

5. Ebell W, Castro-Malaspina H, Moore MAS, O'Reilly RJ: 
Depletion of stromal cell elements in human marrow grafts sepa- 
rated by soybean agglutinin. Blood 65:1105, 1985 

6. O'Reilly RJ: Review: Allogeneic bone marrow transplantation: 
Current status and future directions. Blood 62:941, 1983 

7. Reisner Y, Kapoor N, Kirkpatrick D, Pollack MS, Dupont B, 
Good RA, O'Reilly RJ: Transplantation for acute leukemia with 


HLA-A and B nonidentical parental marrow cells fractionated with 
soybean agglutinin and sheep red cells. Lancet 2:327, 1981 

8. Gartner S, Kaplan HS: Long-term culture of human bone 
marrow cells. Proc Natl Acad Sci USA 77:4756, 1980 

9. Laver J, Ebell W, Castro-Malaspina H: Radiobiolog:cal prop- 
erties of the human hematopoietic microenvironment: Contrasting 
sensitivities of proliferative capacity and hematopoietic function to 
in vitro irradiation. Blood 67:1090, 1986 

10. Chaganti RSK, Bailey RB, Jhanwar SC, Arlin ZA, Clarkson 
BD: Chronic myelogenous leukemia in the monosomic cell line of a 
fertile turner syndrome mosaic (45,X/46,.%X). Cancer Genet Cyto- 
genet $:215, 1982 

1}. Castro-Malaspina H, Laver J. Ebel) W, Jhanwar SC, Adler 
B, Moore MAS, O'Reilly RJ: Regeneration of human marrow 
stromal cells (MSC) following allogeneic marrow transplantation 
(BMT). Blood 64:21 2a, 1984 (suppl |) (abstr) 

12. Singer JW, Keating A, Cuttner J, Gown AM, Jacobson R, 
Killen PD, Moohr JW, Najfeld V, Powell J, Sanders J, Striker GE, 
Fialkow PJ: Evidence for a stem cell common to hematopmesis and 
its in vitro microenvironment: Studies of patients with clonal hema- 
topoietic neoplasia. Leuk Res 8:545, 1984 





ANNOUNCEMENTS 


AMERICAN BOARD OF INTERNAL MEDICINE 
1988 SUBSPECIALTY EXAMINATIONS IN HEMATOLOGY 


Registration Period: January 1, 1988-April 1, 1988 
Examination Date: November 1, 1988 


For information and application form, contact: Registration Section, American Board of Internal Medicine, 3624 Market 
Street, Philadelphia, PA 19104. 


ONCOLOGY PRACTICE 1988: A PERSPECTIVE 


January 31-February 6, 1988 
Snowmass, Colorado 


For further information, contact: Stephen E. Jones, MD, Charles A. Sammons Cancer Center, Room 4800, Baylor 
University Medical Center, 3500 Gaston Ave, Dallas, TX 75246. Phone: (214) 820-2021. 


CLINICAL HEMATOLOGY AND ONCOLOGY 


February 15-17, 1988 
San Diego Princess Resort, San Diego, CA 


This conference, to be held in San Diego, CA, is designed for hematologists, oncologists, internists, pediatricians, and 
pathologists interested in the diagnosis and management of hematologic and oncologic disorders. An outstanding faculty from 
across the country has been assembled to discuss various aspects of these fields, to aid clinicians in sorting out the important 
from the trivial, and to help identify those recent advances which will withstand the test of time. 24 hours Cat. I. 

The conference is sponsored by Scripps Clinic and Research Foundation, La Jolla, CA. The program chairman is Bernard A. 
Babior, MD, PhD. . 

For further information, contact: Bonny Mower, Department of Academic Affairs, Box 400S, Scripps Clinic and 
Research Foundation, 10666 N Torrey Pines Rd, La Jolla, CA 92037. Telephone: (619) 457-8556. 


Blood, Vol 70, No 6 (December), 1987: pp 1969 1969 


Aarden, L.A., 670 
Abbadini, M., 1858 
Abe, S., 1654 
Abou-Khalil, W.H., 1180 
Aboud, M., 432 
Abromowitch, M., 948 
Achyuthan, K.E., 702 
Adachi, K., 1291 
Adelman, B., 1362 
Adelsberg, B.R., 1267 
Adzick, N.S., 542 
Agee, J.F., 437 
Agostini, C., 1530 
Agostini, C., 396 
Aguilar-Santelises, M., 1851 
Ahmed, M., 716 
Akkerman, J.W.N., 243, 620 
Aksoy, M., 583 
Al-Hashimi, S., 1046 
Alberico, T.A., 1136 
Alexanian, R., 869 
Allain, J-P, 575 
Allavena, P., 1500 
Allen, J.R., 1604 
Allouche, M., 954 
Amagasaki, T., 264 
Ambrosetti, A., 1530 
Ambrus, J.L., 1020 
Amenomori, T., 1367 
Amiot, M., 676 
Anderson, D.C., 740 
Andersson, L.C., 1279 
Andersson, L.O., 1679 
Andrew, M., 165 
Andrew, M., 652 
Annamalai, A.E., 139 
Antognetti, G., 716 
Antonarakis, S.E., 147 
Appelbaum, F.R., 116 
Arima, N., 1407 
Arimura, G.K., 1180 
Arita, Y„ 1619 

Arlin, Z., 568 

Arlin, Z., 448 
Arlinghaus, R.B., 233 
Arthur, D., 877 

Asal, H., 1758 

Ascari, E., 1014 
Attadia, V., 1450 
Atweh, G.F., 147, 1470 
Atzpodien, J., 484 
Aucouturier, P., 779 
Aynlar-Batumann, O., 494 


Bach, R., 490 

Bach, E.H., 227 
Bachmann, F., 1645 
Bader, R., 475 
Bagby, G.C., Jr, 1003 
Baiget, M., 593 
Baker, S., 276 
Baker, M., 568 
Baker, L., 575 
Baker, G., 177 
Bakhshi, A., [816 


1970 


AUTHOR INDEX 


Ballesteros, A.L., 733 
Ballestrero, A., 1743 
Bank, A., 448, 733 
Bar-Ner, M., 35] 
Barabino, G.A.. 152 
Barber, K.E., 1773 
Barbui, T., 1203, 1500 
Barbujani. G., 531 
Barlogie, B., 869 
Barnard, M.R., 1673 
Barosi, G., 1014 
Barra, A., 779 
Barton, S., 1003 
Barton, J.C., 1630 
Bartram, C.R., 1079 
Baruch, D., 1214 
Bastida, E., 1437 
Batlle, J., 173 
Bauer, K.A., 343 
Baumgartner, H.R., 1214 
Baylin, S.B., 412 
Beatty, P.. 116 
Behm, F.G., 51, 247, 1962 
Behm, F., 948 
Ben-Bassat, 1., 1713 
Bencivelli, F., 531 
Bender, B.S., 392 
Benedetti, F., 396 
Benedict, S.H., 1933 
Bentaboulet, M., 954 
Bentley, S.A., 1777 
Benz, E.J., Jr, 293, 989 
Berard, C.W., 624 
Berchtold, P., 1040 
Berenson, J., 1550 
Berger, F., 1394 
Berger, R., 965 
Berglund, C., 16 
Berkow, R.L., 356 
Berkowicz, M., 1713 
Berkowitz, S.D., 173 
Bernard, A., 676 
Bernstein, LD., 16 
Bersch, N., 432 
Bertoli, L.F., 45 
Berton, G., 1530 
Bertrand, O., 558 
Besemer, J., 206 
Bettelheim, P., 1872 
Beutler, E.. 1389 
Beuzard, Y.. 804 
Bevilacqua, C., 22] 
Bhalla, K., 568 
Bieber, F.R., 418 
Bierman, P.J.. 587 
Bigbee, W.L., 1959 
Billing, R., 664 
Biondi, A., 1203 
Bitran, J.D., 1412 
Bitter, M.A., 1338 
Blanc, M., 1394 
Blazar, B., 877 
Blessinger, C., 1193 
Blek, M., 233 

Blick, M.B., 90 


Blumberg, N., 23 
Blume, K.G., 587, 1331 
Blumenfeld, O.O., 1830 
Bock, S.C., 1273 
Boeri, E., $31 

Bohn, H., 1279 
Bollum, F.J., 115: 
Bonilla, M.A., 1595 
Bonner, R.F., 589 
Boone, E.J., 589 
Borcherding, W.R., 664 
Borowitz, M., 1962 
Borowitz, M.J., 702 
Borun, M.M., 227 
Borzillo, G.Y., 45 
Boss, G.R., 1161 
Boswell, H.S., 401 
Boumsell, L., 676 
Bowen, B.J., 38 
Boxer, L.A., 1131 
Boyd, A.W.. 418 
Braine, H.G., 271 
Branks, M.J., 710 
Brenner, M.K., 1536 
Bretagne, S., 1692 
Breton-Gorius, J., 965 
Brettler, D.B., 276 
Brewster, F., 276 
Brickner, H.E., 1470 
Brinker, M.G.L., 186 
Brito-Babapulle, V., 926 
Brok-Simoni, F., 1713 
Broudy, V.C., 1003 
Brown, N., 1550 
Brown, P.O., 909 
Brown, V.A., 1331 
Brownlea, S., 546 
Broxmeyer, H.E., 401 
Brugnara, C., 1810 
Brunning, R.D., 83 
Bruno, M., 1867 
Bryett, K.A., 1046 
Bryon, P-A., 1394 
Buckner, C.D., 116, 324 
Bunn, H.F., 1790 
Burakoff, 5.J., 960 
Burke, P.J., 412 
Burstein, S.A. 1735 
Butler, D.L., 41 
Butler, J.J., 90 

Buys, C.H.C.M., 186 
Byers-Ward, V., 475 


Cabanillas, F., 90 
Caldwell, C.W., 1165 
Caligaris-Cappio, F., 1530 
Calvelli, T., 1551 
Camaschella, C., $93 
Campbell, E.J., 860 
Canessa, M., 1861 
Cannistra, S.A., 1218 
Cao, Y., 575 

Cao, A., 531 
Caracciolo, D., 192 
Card, R.T., 319 


Blood, Vol 70, No 6 (December), 1987: pp 1970-1997 


Wai 


AUTHOR INDEX 


Carlo-Stella, C., 1014 
Carlo-Stella, C., 1173 
Carlson, P., 1362 

Caro, J., 316, 1904 
Carrino, J.J., 1338 
Carroll, A.J., 1962 
Carson, S.D., 490 
Carty, D.J., 511 
Casarino, L., 531 
Castle, V., 652 
Castleberry, R.P., 1962 
Castro-Malaspina, H., 1966 
Caterson, B., 501 
Catovsky, D., 926 
Cattaneo, M., 221, 827 
Cazzola, M., 1014 
Celano, P., 1186 

Cetto, G., 1530 
Chaganti, R.S.K., 444 
Chan, H.S.L., 1466 
Chandan, M., 1020 
Chandran, M., 1611 
Chang, L., 1151 
Chang, L.S., 729 
Chapple, C.W., 814 
Charache, S., 237 
Charbord, P., 464 
Chen, Z., 637 

Chen, S-H., 1006 
Chen, J., 796 

Chen, LS.Y., 432 
Chen, H.Y., 177 
Chenoweth, D.E., 1624 
Chilosi, M., 396 
Chilosi, M., 1530 
Chiu, D., 1111 

Chiu, H.C., 139 

Choe, H.R., 1035 
Christensen, R.D., 1836 
Ciavarella, N., 531 
Cimino, R., 1450 

Cioe, L., 915 

Civin, C.I., 1316, 1959 
Clark, S.C., 657, 1343, 1696 
Clarkson, B.D., 444, 484 
Clevenger, C.V., 1124 
Clift, R.A., 116 
Coates, G., 652 
Coetzer, T., 766 
Cohen, M.S., 1639 
Cohen, H.J., 814 
Cohen, D., 637 
Coiffier, B., 1394 

Cole, J., 568 

Cole, J.L., 1797 
Colletta, G., 1450 
Collins, F.S., 1797 
Collins, S.J., 1233 
Colman, R.F., 796 


Colman, R.W., 139, 796, 1053 


Colo, A., 1659 
Colombatti, A., 1450 
Colon-Otero, G., 686 


Colvin, O.M., 271, 1186, 1490 


Conkling, P.R., 579 


Cooper, M.D., 45 

Cooper, S., 401 

Copelan, E.A., 1382 
Corash, L., 177 
Cordonnier, C., 779, 1692 
Cork, A., 90 

Cossman, J., 96, 1816 
Cotes, P.M., 822 
Coustan-Smith, E., 1536 
Cowan, M., 1604 
Cramer, P., 965 

Crist, W.M., 247, 624, 1962 
Crosier, P.S., 1773 
Crump, C.L., 1910 

Cruz, A.C., 921 
Cunningham, M., 307 
Currie, M.S., 428 

Curtis, J.E., 1425 

Curtis, P.J., 915 
Czelusniak, S., 575 


D’Amaro, J., 227, 516 
D’Amico, C.N., 1639 
D'Incalci, M., 1203 
Dabiri, G.A., 1921 
Dahl, G.V., 51 
Daitoku, Y., 1407 
Dale, G.L., 791 

Daley, J., 418 

Daley, J.P., 960 
Dalla-Favera, R., 1500, 1519 
Dallegri, F., 1743 
Daly, K., 1412 

Daniel, J., 796 

Dastot, H., 676 
Dattilio, K.L., 1316 
Davis, B.H., 1303 
Davis, J., 271 

Davis, T.A., 1696 
Dazzi, F., 1530 

de Bustros, A., 412 

de la Chapelle, A., 1349 
de Lange, G., 1331 
DeBiasi, R., 531 
Debre,P., 1105 
DeFeo, P., 796 

Del Vecchio, L., 1450 
Delfini, C., 1543 
Delwel, R., 333 

den Ottolander, G.J., 516 
Denninger, M-H., 558 
Dent, J.A., 173 
Deutsch, E., 31 
Devaraj, B., 1611 
Devine, D.V., 428 
Dezza, L., 1014 

Di Bello, M., 1500 
Diaz, M.O., 1338 
Diaz-Chico, J.C., 583 
Dicke, K.A., 869, 1611 
DiMambro, E., 1565 
Dinndorf, P.A., 536 
DiPersio, J., 1730 
Distelhorst, C.W., 860 
Dluzewski, A.R., 77 


Dobkin, C., 733 
Dodge, R.K., 247, 624 
Doi, S., 1619 
Donahue, R.E., 1696 
Donati, M.B., 1858 
Donelli, A., 1659 
Doney, K., 324 
Doney, K.C., 116 
Donis-Keller, H., 1331 
Doorenbos, D.I., 909 
Dorshkind, K., 1418 
Dorssers, L., 333 
Dover, G., 1824 

Dow, L.W., 464, 1458 
Dowling, C.H., 1470 
Drexler, H.G., 1536 
Duarte, F., 779 

Dube, J.D., 1466 
Dudek, H., 448 
Dunlap, N.E., 1750 
Duquesnoy, R.J., 1433 
Durant, J.R., 45 
Durie, B.G.M., 932 
Dutta-Roy, A.K., 139 
Dvorak, K., 974 


Eaton, W.A., 1245 
Echenberg, D., 1604 
Eckmann, C.M., 379 
Eguchi, M., 368° 
Ehrlich, G., 1303 
Elder, F.F.B., 1665 
Eldor, A., 551 

Elion, J., 558 
Ellegaard, J., 1063 
Emanuel, B., 192 
Emilia, G., 1659 
Epstein, A.L., 1124 
Erslev, A.J., 316, 1904 
Escolar, G., 1437 
Eskin, 8.G., 152, 1284 
Espinoza, F.P., 597 
Estrov, Z., 1466 
Evans, R.L., 1893 
Evans, R., 1595 
Evans, E.A., 1443 


Fabry, M.E., 1861 
Fabry, T.L., 1572 
Faguet, G.B., 437 
Fahey, J.L., 587 
Fairhead, S.M., 1046 
Fauci, A.S., 1020 
Fay, J.W., 1482 
Fearon, E.R., 412 
Felix, C.A., 536 
Feller, A.C., 629 
Ffrench, M., 1394 
Fialkow, P.J., 464 


1971 


Fifth International Workshop on Chromoso, 


1554 
Figari, 1.S., 979 
Figures, W.R., 796 
Filippa, D.A., 444 
Finan, J., 192 


1972 


Finlay, T.H., 773 
Fiore-Donati, L., 1530 
Fisher, R.L, 974 
Fitchen, J.H., 1003 
Flake, A.W., 542 
Fleming, P., 237 

Foa, R.. 396 

Forget, B.C., 1470 
Forget, B.G., 147 
Forman, L., 1389 
Forman, S.J., 587, 1331 
Forsberg, A., 276 
Fotino, M., 1451 
Fratanton, J.C., 589 
Frazier, D., 1006 
Freas, D.L., 51] 
Freedman, A.S., 418 
Freedman, M.H.. 1466 
Freeman, K.L.B., 740 
Fressinaud, E., 1214 
Friedman-Kien, A.E., 575 
Frumento, G., 1743 
Fujii, H., 1619 

Fujii, S$., 1211 
Fujimura, Y., 985 
Fujita, S., 809 

Fuks, Z., 551 

Fukuda, M., 1830 
Fukuda, T., 612 
Fukuhara, S., 1069 
Fukuhara, S., 1619 
Fukumaki, Y., 809, 1688 
Furie, B., 1312 

Furie, B.C., 1312 
Fuse, A., 368 


Gadson, P., 1665 
Gahmberg, C.G., 1279 
Gajl-Peczalska, K., 1020 
Gajl-Peczalska, K.J.. 83 
Galacteros, F., 804 
Galanaud, P., 1105 
Galanti, M., 1565 
Gallin, E.K., 694 
Ganesan, T.S., 873 
Ganser, A., 1014 
Ganser, A., 1173 
Ganz, T., 757 
Gardner, J.P., 122 
Garner, J., 1604 
Garson, O.M., 330 
Gasper, P.W., 1880 
Gasson, J., 55 

Gasson, J., 965 
Gasson, J.C., 1343 
Gavalthin, J., 1303 
Gear, A.R.L., 511 
Gelfand, E.W., 1933 
Gemperlein, L, 192 
George, S.L., 247 
Georgoulias, V., 954 
Gerard, J-P., 1105 
Ghosh, P.K., 147 
Gilbert, C., 1630 
Gillis, S., 401, 1773 


Ginsberg, M.H., 110 
Ginsel, L.A., $16 

Giraud, F., 804 

Girma, J-P., 605, 1577, 1679 
Glass, J., 1035 

Golde, D.W., 432, 1343, 1705 
Goldman, J.M., 873 
Golomb, H.M., 1412 
Gonzalez-Sarmiento, R.. 882 
Goodacre, A., 90 

Goodman, S., 915 

Goossens, M., 1692 
Gordon, R.E., 1297 
Gordon-Smith, E.C., 1046 
Gorman, J., 1784 
Gossinger, H., 1872 
Gotlieb-Stematsky, T., 1713 
Govaerts, L.C.P., 460 
Graham, G.. 568 

Gralnick, H.R., 1084, 1589 
Grant, S., 568 

Gratama, J.W., 516 
Gratzer, W.B., 77 

Gray, T.K., 1639 

Green, R., 264 

Green, S.W., 694 

Green, f, 254 

Greenberg, M.L., 1267 
Greenberg, C.S., 428, 702 
Greher, J., 1173 

Griffin, J.D., 1218, 1222 
Griffin, C., 192 

Grogan, T.M., 932 

Grossi, C.E., 1750 

Guha, A., 490 

Guilin, M-C,, 558 

Gulati, S.C., 484 


Gutterman, J.U., 90, 233, 943, 1584 


Haake, R., 1325 
Haga, P., 822 
Hagemeister, F.B., 90 
Hagenbeek, A., 1073 
Hahn, 5., 1053 
Hammouda, M.W., 564 
Hampton, A., 444 
Hangoc, G., 401 
Hansen, J, 116 
Hanson, C.A., 83, 327 
Hara, J., 1933 
Harfenist, E.J., 827 
Harker, L.A., 1735 
Harris, M.B., 1962 
Harrison, M.R., $42 
Hatanaka, M., 1619 
Hathaway, P.J., 237 
Hattori, T., 1407 
Hauch, M., 1893 
Hayashi, K., 214 
Hayashi, Y., 368 
Heal, JLM., 23 

Heck, L., Jr, 372 
Heerdt, B., 740 
Heerema, N.A., 1020 
Heidorn, K., 456 


Heikinheimo, M. 1279 
Heine, M.J., 69 
Heitjan, D., 1940 
Hekker, A.C., 516 
Helistern, P., 3} 
Henni, FT., 1692 

Henri, A., 965 
Herrmann. F., 1700 
Heymans, H.S.A., 460 
Hill, L.R., 133! 
Hilton, J., 1490 
Hirayma, M., 1955 
Hodson, E. 475 
Hoelzer, D., 1014, 1173 
Hoffbrand, A.V., 1536 
Hoffman, P.C., 1412 
Hofrichter. J., 1245 
Hojvat, $., 575 
Hoktand, P., 1063 
Holford, T.R., 122 
Holland, L. Z., 9&5 
Hollis, G.F., 536 
Holtzclaw, D., 237 
Homandberg, G.A., 558 
Hong, R.. 664 

Honjo, T., 1407, 1619 
Hoover, E.A., 1880 
Hope, S., 1524 

Hori, T., 1069 
Horikoshi, A.. 1654 
Horn, S., 1700 
Horowitz, J.C., 418 
Horowitz, S.D., 664 
Horwitz, L., 869 
Howard, K.J., 860 
Howard, T.H., 363 
Hows, J.M., 1046 
Hoxie, J.A 307 
Hozumi, N., 1933 

Hu, E., 287 

Huang, C-H., 1830 
Hughes, B.J., 740 
Huisman, F.H.J., 583,716 


lannuzzi, M.C., 1797 
Ichimaru, M., 1367 
Ikuta, K., 1407 


AUTHOR INDEX 


international Agranulocytosis and Aplast, 


1718 
Intrator, L., 779 
Ip, S.H., 624 
Isakson, P.C.. 1784 
Ishihara, Y.. 1654 
Isildar, M., 1180 
Itoh, 5., 404 


Jack, R.M.. 740 
Jacobsen, D.W., 264 
Jagannath, 5.. 869 
Jager, U., 1872 
Jakobiec, F.A. 1519 
Jamal, N., 1425 
Jandrot-Perrus, M., 558 
Janiga, K.E., 860 
Janmey, P.A., 524 


AUTHOR INDEX 


Jasmin, C., 954 
Jennings, T.A., 122 
Jensen, D.E., 686 
Jensen, R.H., 1959 
Jhanwar, S.C., 444, 1966 
Jimenez, J.J., 1180 
Jinnai, 1., 1367 

Joge, K., 1830 
Johannson, W., 1099 
Johnson, G.D., 1792 
Johnston, D., 200 
Johnston, M., 165 
Jondal, M., 1851 

Jones, R.J., 271, 1186, 1490 


Kalafatis, M., 1577 
Kalafatis, N., 1679 
Kalwinsky, D.K., 51 
Kamada, N., 1654 
Kamesaki, H., 1619 
Kaminer, L.S., 1412 
Kaneko, T., 1211 

Kant, J.A., 921 

Kantarjian, H., 943 

Kao, K.J., 282 

Kaplan, A.P., 1 

Karpatkin, M., 733 
Karpatkin, S., 773 

Karray, S., 1105 
Kashihara, M., 1407 

Kato, J., 1955 

Katz, R.L., 90 

Kaufman, R., 1904 
Kazazian, H.H., Jr, 147, 1470 
Kearney, J.F., 45 

Keating, A., 464 

Keever, C.A., 1595, 1893 
Kelleher, C.A., 657 

Keller, P., 1303 

Kelton, J.G., 652, 1683 
Kenney, D., 104 

Kere, J., 1349 

Kersey, J., 877, 1325 
Kersey, J.H., 327, 882 
Kiefel, V., 1722 

Kierney, P.C., 1418 

Kim, K., 1550 

Kim, T., 1325 

Kingsley, L., 786 

Kinkade, J.M., Jr, 757, 1630 
Kinkead, T.K., 60 
Kinlough-Rathbone, R.L., 221, 647, 827 
Kirby, S.L., 1777 

Kirsch, I.R., 536, 1816 
Kishi, K., 612 

Kisiel, W., 1006, 1947 
Kita, K., 1069 

Kita, K., 1619 

Kitagawa, S., 404 
Kitamura, Y., 1758 
Kitchens, C.S., 921 

Klein, J.P., 1382 

Kioetzer, W.S., 233, 1584 
Kluin-Nelemans, H.C., 516 
Knowles, D.M., II, 1500, 1519 


Knowlton, R.G., 1331 
Kobayashi, Y., 1688 
Koduru, P.R.K., 444 
Koeffler, H.P., 55, 200, 1730, 1940 
Koenderman, L., 379 
Koester, A.R., 974 

Kohgo, Y., 1955 

Komatsu, N., 1688 
Komatsu, Y., 404 

Kondo, H., 1955 

Kondo, S., 1947 
Korsmeyer, S.J., 536, 1816 
Kossover, S.A., 814 
Kouda, K., 1654 
Kowalska, M.A., 751 
Koziol, J.A., 475 

Kraft, A.S., 356 

Krebs, K., 915 

Kreipe, H., 456 
Krichbaum-Stenger, K., 1303 
Kristensen, J.S., 1063 
Kruckeberg, W.C., 909 
Krueger, C.M., 832 
Kruithof, E.K.O., 1645 
Krystal, G., 965 
Kubagawa, H., 45 

Kuentz, M., 1692 

Kung, P., 624 

Kunicki, T.J., 16 

Kurachi, S., 1764 
Kuriyama, K., 1367 
Kurtzman, G., 384 
Kurzrock, R., 233, 943, 1584 
Kutlar, A., 583 

Kuypers, F.A., 1111 


Labow, R.S., 319 
Lahtinen, R., 1349 
Lam, C., 206 

Lange, B., 192 

Langlois, R.G., 1959 
Lapetina, E.G., 1373 
Laposata, M., 832 
Larrick, J.W., 994 
Larson, R.A., 1338, 1412 
Lauer, S.J., 1458 
Laurila, P., 915 

Laver, J., 1966 

Lawler, J., 766 
Lawrence, H.J., 1003 
Lawrence, J.B., 1084 
Lawrence, M.B., 1284 
Le Beau, M.M., 1338, 1412 
Le Paslier, D., 637 
Leary, A.G., 1343 
Leavitt, R.D., 1400 
LeBien, T.W., 132, 1624 
Lecchi, A., 221 

Lechner, K., 1872 

Lee, EJ., 1400, 1727 
Lee, J.C., 1482 

Lee, M-S., 90 

Lehrer, R.I., 757 
Leibowitz, D., 448 
Leiderman, I.Z., 1267 


1973 


Lepine, J., 1425 
Lestani, M., 1530 
Letarte, M., 1475 
Leuther, M., 575 
Levick, J., 1595, 1893 
Levin, J., 177, 1509 
Levin, E.G., 1090 
Levine, P.H., 276 
Levy, D.N., 418 

Levy, J-A., 1604 
Levy, S.B., 1565 
Lewis, J.H., 786 
Liang, C-M., 1136 
Lichtenstein, A., 1550 
Lieberman, P.H., 444 
Liehl, E., 206 

Lilly, M.B., 372 
Limentani, S.A., 1312 
Lin, S.W., 1006 

Lind, S.E., 524 
Lindemann, A., 1700 
Lipford, E., 96, 1816 
Lipschitz, D.A., 1131 
Lockwood, G., 1425 
Lockwood, W.K., 1797 
Loffier, H., 1099 

Loi, A., 531 

Loiseau, P., 637 
Loken, M.R., 1316, 1959 
Loken, M.R., 1959 
Lomen, C., 932 
Longo, D.L., 1816 
Look, A.T., 247 
Lopez, J.A., 464 
Lopez-Berges, C., 173 
Lopez-Borrasca, A., 173 
Lopez-Fernandez, M.F., 173 
Loskutoff, D.J., 721 
Lowenberg, B., 333 
Lu, H., 177 

Lubin, B., 1111 
Luikart, S.D., 1119 
Lyle, V.A., 1804 


MacLaughlin, W., 568 
MacVitte, T.J., 1696 
Maeda, M., 1407 
Magenis, R.E., 1003 
Maggi, A., 1858 
Maizel, A.L., 132 
Malech, H.L., 122, 1222 
Malgaretti, N., 593 
Mancuso, G., 531 
Mangan, K.F., 1433 
Maniatis, T., 147 
Maniglia, C.A., 1119 
Manna, A., 1543 
Mannhalter, C., 31 
Mannironi, C., 1203 
Mantovani, A., 1500 
Mantovani, R., 593 
Marchetti-Rossi, M.T., 1543 
Marder, R.J., 1124 
Marguerie, G., 110 
Markowitz, S.D., 122 


1974 


Marsh, J.C.W., 1046 
Martens, A.C.M., 1073 
Martin, P.J., 116 
Martinowitz, U., 1713 
Masciarelli, M., 1530 
Masel, D., 23 

Masera, G., 1203 
Masouredis, S.P., 710 
Matsuda, M., 1211 
Matsuo, T., 1367 
Matsuoka, M., 1407 
Matutes, E., 926 
Matzner, Y.. 551 
Mavilio, F., 192 
Maxey, V., 932 
Mayer, P., 206 
Mayumi, M., 45 
McCarty, T.M., 1665 
McCormack, R.T., 1624 
McCulloch, E.A., 657 
McCullough, J., 877 
McDaniel, K., 932 
McGlave, P., 877 
McGlave, P.B., 1325 
McGrath, E., 686 
McGrath, H.E., 1136 
Mclntire, L.V., 152, 1284 
McLaughlin, P., 90 
McMillan, R.. 1040, 1495 
McMullen, B.A.. 1006 
McPherson, J., 546 
Mears, J.G., 448 
Mehta, S.R., 132, 1020 
Mellstedt, H., 1851 
Meloni, F., 1014 

Meo, P., 915 
Merle-Beral, H., 1105 
Merluzzi, V.J., 1595 
Mertelsmann, K., 1595, 1700 
Messner, H.A., 1425 
Meyer, D., 1577 
Meyer, D., 1214 
Meyer, D., 605, 1214, 1577, 1679 
Meyer, D., 1679 
Meyer, W.H., 363 
Michelson, A.D., 1673 
Michelson, A.M., 729 
Migliaccio, A.R., 1867 
Migliaccio, G., 1867 
Millard, F., 1040 
Millard, F.E., 1495 
Miller, B.A., 716, 1824 
Miller, J.L., 1804 
Miller, R.A., 960 
Miller, W., 1325 
Miller, W.J., 882 
Mills, E.L., 351 
Milner, R., 165 
Mimuro, J., 721 

Min, G.L., 873 
Minami, Y., 1654 
Minden, M.D., 657 
Minden, M.D., 1425 
Minkin, S., 657 

Minty, B.D., 822 


Mirabile, M., 575 
Mirro, J., 5] 

Mise, K.. 1654 
Mitchell, L., 165 
Mitjavila, M.T., 965 
Miura, Y., 1654, 1688 
Miura-Kora, Y., 121] 
Miwa, H., 1619 
Miyaji, T., 1688 
Miyakuni, T., 1654 
Miyauchi, J., 657 
Moen, R.C., 664 
Mohandas, N., IHIH, 1443 
Mok, Y., 177 
Moldenhauer, G., 629 
Molinari, A.C., $3] 
Moloney, W.C., 905 
Mongini, P., 1193 
Monroy, R.L., 1696 
Montagna, R., 1312 
Moore, D.L., 351 
Moore, J.C., 1683 
Moore, J.L., 1303 
Morabito, F., 1750 
Morfini, M., 53] 
Morgan, E.H., 38 
Mori, N.A., 979 
Mori, P.G., 531 
Morishima, Y., 129] 
Morishita, Y., 129] 
Moroz, L.A., 564 
Moseley, S.T., 1035 
Mosesson, M.W., 558 
Moulds, J.J., 1830 
Mueller-Eckhardt, C., 1722 
Muller, R., 456 
Mullins, J.i., 1880 
Munker, R., 55, 1730, 1940 
Murphy, S., 494 


Murphy, S.B., 51, 247, 624, 948 


Murphy, W.G., 1683 
Musashi, M., 1654 
Mussoni, L., 1858 

Mustard, J.F., 221, 647, 827 


Nademanee, A.P., 587 
Nadler, L.M., 418 
Naeve, G.S., 1124 
Nagle, R., 932 

Nagel, R.L., 1861 
Naipal, A.M.LH., 516 
Nakajima, H., 368 
Nakamoto, B., 1764 
Nakamura, T., 809 
Nakano, T., 1758 
Nakazawa, S., 368 
Narni, F., 1659 
Nathan, D.G., 716, 1824 
Nauseef, W.M., 1143 
Nelkin, B.D., 412 
Nelson, R.. 1764 
Nelson, R.D., 1624 
Nemunaitis, J., 464 
Neri, A., 1519 
Neumann, Y., 1713 


AUTHOR INDEX 


Niccloso, G., 1644 
Nielsen, B.R., 1836 
Nielsen, O.J., 1994 
Nieuwenhuis, H.K., 620, 838 
Nutsu, Y., 1955 
Niiya, Kn 475 
Nimer, S.D., 1705 
Nishakori, M., 1619 
Nishioka, J., 301 
Nishisato, T., 1955 
Niskanen, E., 1784 
Nonaka, H., 1367 
Nowell, P., 192 
Nugent, D.J., 16 
Numata, T., 1955 
Nunez, M-F., 1035 


O'Brien, J.R., 1354 
O'Donnell, M.R., 587 
O'Reilly, R.J., 1595, 1893. 1966 
Oates, A.M., 846 
Obenaus, H., 206 
Offit, K., 444 

Ogawa, M., 1343 
Ogura, M.. 301 
Ogur:, K., 50] 
Ohara, J., 254 

Ohba, Y., 1688 
Ohnishi, Y., 612 
Ohno, H., 1069, 1619 
Ohno. R., 1291 

Ohta, Y., 809 
Ohtsuki, Y.. 214 
Okabe, T., 404 
Okamoto, H., 1407 
Okayama, E., 501 
Okayama, M., 50; 
Okimoto, Y., 368 
Okuya,S.. 1211 
Olivieri, N., 716 
Olivieri, N.F., 729 
Olson. S., 1003 
Oosterveer, M.A.P., 516 
Op den Kamp, J.A.F., IIH 
Oral, A., 1433 
Ordinas, A., 1437 
Orkin. S.H., 716, 729 
Osinga, J., 186 
Ostapovicz, D., 1218 
Oster, W., 1700 
Ottolenghi, S., 593 
Ozawa, K., 384 


Packham, M.A., 221, 647, 827 
Paes, B., 165 

Paietta, E.. 1151 

Palazzi, M., 1543 

Palek, J., 766 

Pallad:no, M.A., Je., 979 
Pangrazzi, J., 1858 
Pannekoek, H., 605 
Papenhausen, P., 1151 
Papyaanopoulou, Th., 1764 
Parker, P.M., 587 

Parker, R.I., 1589 


AUTHOR INDEX 


Parkin, J.L., 83 

Parmley, R.T., 757, 1630 

Parwaresch, M.R., 456, 629 

Pathak, 5., 90 

Patrone, F., 1743 

Patterson, K.B., 1962 

Patterson, W.P., 1165 

Paul, W.E. 254 

Payne, M.S., 293 

Pecorara, M., 531 

Pedrazzoli,P., 1014 

Pelieci, P-G., 1500, 1519 

Pengo, V., 69 

Pennsylvania AIDS Surveillance Study Gro, 
1208 

Perkins, H.A., 1604 

Perona, G., 1530 

Perseu, L., 531 

Peschel, C., 254 

Petz, L.D., 133] 

Pierschbacher, M.D., 110 

Pilz, R.B., 1161 

Pincus, S.H., 572 

Pinto, A., 1450 

Pirastu, M., 531 

Pirelli, A., 1500 

Pizzolo, G., 396, 1530 

Platt, O., 1824 

Plow, E.F., 110 

Plow, E.F., 475 

Pojesz, B.J., 1303-1312 

Pollak, A., 1400 

Pomfret, M., 926 

Poon, A.O., 729 

Popenoe, D., 448 

Popp, R.A., 1462 

Poppema, S., 186 

Porcellint. A., 1543 

Potter, B.J., 1297 

Powell, E., 237 

Powers, P., 165, 1362 

Prasthofer, E.F., 1750 

Prechal, J.T., 45, 766 

Prechal, J.T., 766 

Preud'homme, J-L., 779 

Prins, A., 460 

Prochownik, E.V., 1273 

Prodouz, K.N., 589 

Pui, C-H., 51, 247, 624 

Pullen, D.J., 1962 

Purl, S., 1412 


Quackenbush, S.L., 1880 
Quanguang, C., 444 
Quesenberry, P.J., 686, 1136 
Quinn, F.C., 392 


Rachmilewitz, E.A., 158 
Rado, T.A., 372, 989 
Radzun, H.J., 456, 629 
Radzun, H.J.. 629 
Raffeld, M., 96, 1816 
Raghavachar, A., 1079 
Ragni, M.V., 786 
Rahbar, 5., 1790 


Raik, E., 237 
Raimondi, S.C., 247, 1458, 1962 
Raimondi, S.G., 948 
Rajaraman, S., 1665 
Ralph, S., 852 
Rambaldi, A., 1218, 1500 
Ramesh, K.S., 572 
Ramot, B., 1713 
Ramsay, N., 877 
Ramsay, N.K.C., 1325 
Ramsey, G.E., 1433 
Rand, J.H., 1297 
Rangachari, K., 77 
Rangel, C., 932 
Ranyard, J., 55 

Rao, A.K., 139, 751 
Rappeport, J.M., 960 
Ratain, M.J., 1412 
Raugi, G., 464 
Reading, C.L., 161] 
Reaman, G.H., 536 
Rechavi, G., 1713 
Reed, R., 147 

Reese, A.L., $83 
Remold-O’Donnell, E., 104 
Renshaw, L., 1040 
Rhoda, M.D., 804 
Ribeiro, R.C., 948 
Rice, W.G., 757, 1630 
Richardson, M.E., 444 
Richman, C.M., 1792 
Richter, L., 932 
Riemens, T.1., 243 
Rimm, A.A., 227 
Ripa, T., 531 

Rivera, G.K., 247 
Rock, G., 319 

Rodjer, S., 1928 
Roelofsen, B., 1111 
Rogers, I, 1475 
Rome, L.S., 122 
Roome, A.J., 1611 
Roos, D., 379 

Rosati, R., 1450 
Rosen, A., 1851 
Rosen, F.S., 104 
Rosen, K., 418 

Rosen, S.D., 1842 
Rosenberg, R.D., 343 
Rosenblatt, J.D., 432 
Rosenfeld, C.S., 1433 
Ross, S.E., 490 

Rosse, W.F., 428 
Rossi, V., 1203 

Roth, G.J., 464 
Rothschild, C., 1214 
Rothstein, G., 1836 
Roupe, G., 1928 
Rovera, G., 192 
Rowley, J.D., 1338, 1412 
Rowley, $.D., 271, 1186, 1490 
Rozans, M.K.. 960 
Rozemuller, E., 838 
Rubin, C.M.. 1338 
Rubinstein, P., 575 


1975 


Rudich, 5., 1193 
Ruggeri, Z.M., 985 
Ruggeri, Z.M.. 475 
Ruggeri, Z.M.. 1804 
Ruggeri, Z.M., 173 
Ruggeri, Z.M., 895 
Rund, D., 733 
Ruoslahti, E., 110 
Ruutu, T., 1349 
Ryan, DH., 814 


Saburi, Y. 1654 
Sackrison, J.L., 1119 
Saffitz, J.E., $32 
Saglio, G., 593 

Saito, H., 30! 

Saito, H., 1291 
Sajewski, D., 494 
Saks, 5., 943 
Salameh, M., 716 
Salem, H.H., 846 
Salmon, G.P., 1354 
Samlowksi, W.E., 1910 
Samoszuk, M., 1124 
Samoszuk, M.K., 597 
Samson, 5., 1604 
Sandberg, A.A., 814 
Sanders, J.E., 116 
Sanders, J.E., 324 
Sando, J.J., 686 
Santel, L., 1096 
Santol, D.. 192 
Santos, G.W., 271 
Santos, G.W., 1490 
Santoso, S., 1722 
Saral, R., 27) 
Sartain, P., 1458 
Sasaki, K., 1955 
Sasaki, M., 1654 
Sato, T., 368 

Sato, Y., 1654 
Sauber, J.J., 1696 
Sauerwein, R.W., 670 
Savage, P.D., 327 
Scarpa, A., 1530 
Scearce, L.M., 796 
Schaap, M.C.L., 460 
Schaefer-Rego, K., 448 
Scharf, M., 1872 
Schiffer, C.A., 1400 
Schiffer, C.A., 1727 
Schleef, R.R., 721 
Schmid, M., 676 
Schmidt, G., 1099 
Schmidt, G.M., 587 
Schmitz, N., 1099 * 
Schrier, S.L., 158 
Schultz, F.W., 1073 
Schulz, D., 779 
Schuster, S.J. 316 
Schuster, S.J., 1904 
Schutgens, R.B.H., 460 
Scott, E., 877 
Scrivano, A.M., 531 
Sears, D.A., 152 


1976 


Sebban, C., 1394 
Selleri, L., 1659 
Selsted, M.E., 757 
Semenzato, G., 396 
Semenzato, G., 1530 
Sensenbrener, L.L., 27] 
Sensenbrenner, L.L., 1186 
Sensenbrenner, L.L., 1496 
Seremetis, S., 1193 
Seremetis, S.V., 1151 
Serra, A., 593 
Sewerin, K., 1679 
Shadduck, R.K., 40] 
Shadduck, R.K., 1433 
Shah, V.O., 1316 
Shaley, O., 158 
Shalit, M., 1921 
Shannon, M.F., 330 
Shapiro, R.S., 882 
Shapiro, S.S., 69 
Sharkis, S.J., 412 
Sharkis, S.J., 1186 
Shattill, S.J., 307 
Shepard, M., 55 
Shevitz, J., 494 
Shibata, A., 612 
Shimizu, A., 1407 
Shinar, E., 158 
Shinebourne, E.A., 822 
Shirono, K., 1407 
Shiu, D.F., 579 
Shtalrid, M., 1584 
Shuman, M.A., 579 
Shuman, M.A.. 702 
Siebert, P.D., 1830 
Siegal, F.P., 1267 
Siess, W., 1373 
Sigaux, F., 637 
Silver, L.D., 1053 
Silverberg, M., | 
Simizu, B., 368 
Simmers, R.N., 330 
Sims, J.L., 686 
Singer, J.W., 464 
Sivam, G., 1639 
Sixma, J.J., 605 
Sixma, J.J., 620 
Sixma, J.J., 838 
Sixma, J.J.. 1437 
Skelly, R.R., 1696 
Sklar, J., 287 
Skosey, C., 1412 
Skubitz, K.M., 60 
Small, T., 1893 
Smedsrud, S., 85? 
Smith, B.R., 960 
Smith, C.W., 740 
Smith, K.J., 1006 
Smith, L.F., 1006 
Snipes, R.G., 1639 
Snyder, D.S., 587 
Soda, H., 1367 
Sondel, P.M., 664 
Song, C.W., 1020 
Sonobe, H., 214 


Southwick, F.S., 1215 
Souza, L., 55 
Sparaventi, G., 1543 
Spero, J.A., 786 
Spier, C., 932 
Spitzer, G., 869 
Spivak, J.L., 392 
Staal, S.P., 412 
Stafford, D., 1006 
Stain, C., 1872 
Stathopoulos, E., 1124 
Stein, A.S., 587 
Stenberg, P.E., 1509 
Stewart, G., 796 
Stewart, P., 116 
Suff, P.J., 974 
Styenen, T., 516 
Stock, A.D., 1331 
Stockert, R.J., 1151 
Stockinger, H., 1872 
Stolle, C.A., 293 
Stone, M.J., 1482 
Stoolman, L.M., 1842 
Storb, R., 116 
Strandjord, S.E., 860 
Strife, A., 484 

Sturk, A., 460 
Subar, M., 1500 
Suematsu, T., 1367 
Sugita, K., 368 
Sullivan, J.L., 276 
Sullivan, K.M., 116 
Sullivan, M., 1893 
Sullivan, R., 1222 
Sunami, S., 368 
Sundeen, J., 96 
Sussman, E., 96 
Sutherland, G.R.. 330 
Suzuki, K., 30] 
Suzuki, T.. 791 
Swolin, B., 1928 


Tachibana, N., 1458 
Taetle, R., $52 
Takagi, Y., 809 
Takahashi, K., 214 
Takahashi, T., 1435 
Takahaski, Y., 1577 
Takahashi, Y., 1679 
Takaku, F., 404 
Takatsuki, K., 1407 
Takaue, Y.. 1611 
Takihara, Y., 809 
Talevi, N., 1543 
Talpaz, M., 233 
Talpaz, M., 943 
Talpaz, M., 1584 
Tanabe, N., 301 
Tancer, M.E., 1462 
Tam, P., 1040 

Tani, P., 1495 
Tanimoto, M., 1291 
Tanke, H.J., 516 
Tatsumi, E., 1619 
Tawa, A., 1933 


Telen, M.J., 1475 
ten Cate, J.W., 460 
Testa, J.R.. 1400 
Thiagarajan, P., 69 
Thibodeau. S.N.. 1006 
Thiel, E., 1079 
Thomas, E.D., 116 
Thomas, E D., 324 
Thompson, A.R., 1006 
Thompson, E.B., 1665 
Tilden, A.B., 1750 
Till, JLA., 822 
Timens, W., 186 
Tindle, S., 1611 
Tobler, A., 200 
Fobler, A., 1940 
Todd, M.B., 122 
Tollefsen, D.M., 165 
Tomar, D., 1003 
Tomer, A., 1735 
Tomonaga, M., 1367 
Tong, A.W., 1482 
Torelli, G., 1659 
Torelli, U., 1659 
Tosteson, D.C., 1816 
Touw, 1, 333 

Traub, U.C., 494 
Trentin, L., 396 
Trentin, L., 1530 
Trigg, M.E., 664 
Tritchler, D., 1425 
Trowbridge. 1,852 
Trujillo, J.M., 90 
Trujillo, J.M., 943 
Tsapis, A., 954 
Tsudo, M., 1069 
Tsushima, N., 1955 
Tucker, K.A., 372 
Tulliez, M., 965 
Tutschka, P.J., 1382 
Tweeddale, M., 1425 


Ubezio, P., 1203 
Uchino, H., 1069 
Uchino, H., 1619 
Uchiyama, T., 1069 
Uchiyama, T.. 1407 
Uckun, F.M., 1020 
Udder, M., 152 
Udupa, K.B., 1131 
Uggla, C., 185] 
Umadome, H., 1069 
Uppenkamp. M., 96 
Urabe, A., 404 
Urba, W., 1816 
Urdal, D., 401 
Urushizaki, 1., 1955 
Uson, R.R., 1297 


Vadas, M.A., 330 
Vainchenker, W., 965 
Valentine, F., 575 
Valentini, M., 1543 
Valtiert, M., 192 


Van den Berghe, G., 1161 


AUTHOR INDEX 


AUTHOR INDEX 


van der Giessen, M., S16 
van der Meer, W.G.J., 670 
van lwaarden, F., 838 
van Oosterhout, J.J.G., 838 
van Prooijen, H.C., 243 
van Rood, J.J., 227 
Van Wyck, D.B., 1462 
Vansover, A., 1713 
Vardiman, J.W., 1412 
Vazquez, A., 1105 
Vela, E., 932 
Velasquez, W.S., 90 
Vellenga, E., 1218 
Veloso, D., 1053 
Venturelli, D., 1659 
Verhoeven, A.J., 379 
Vernant, J-P., 779 
Vernant, J.P., 1692 
Verweij, C.L., 605 
Viala, J-J., 1394 
Victoria, E.J.. 710 
Vidaud, M., 1692 
Villeval, J.L., 965 
Vinante, F., 396 
Vinante, F., 1530 
Vinci, G., 1692 

Visser, L., 186 
Viodavsky, 1., 551 
Vogelstein, B., 412 
Volkers, B., 1173 

von der Helm, K., 1099 


Wacker, H.H., 629 
Wade, J.. 1412 
Wagemaker, G., 333 
Waheed, A., 401 
Wahl, L., 96 

Waki, N., 1758 
Waldron, J.A., 122 
Wallace, R.B., 1331 
Walsh, P.N., 139 
Walters, R., 233 


Walters, R., 943 
Wanders, R.J.A., 460 
Wandi, U., 1425 
Wang, D., 139 
Warnke, R., 287 
Wasserman, L., 551 
Watson, J.D., 1773 
Ways, K., 1639 
Webber, L.M., 330 
Wei, X., 989 
Weiden, P.L., 116 
Weidner, M.K., 974 
Wel, S., 1124 
Weinberg, J.B., 994 
Weinberg, L.J., 579 
Weisheit, M., 1722 
Weiss, L.M.. 287 
Wells, K., 1312 
Welte, K., 1595 
Welte, K., 1893 
West, C., 1389 
Whang-Peng, J., 1816 


Wickremasinghe, R.G., 


Wiernik, P.H., 1151 
Wight, T.N., 464 
Williams, D.E., 401 
Williams, D.L., 247 
Williams, D.L., 948 
Williams, D.L., 1962 
Wilson, G.S., 932 
Wilson, J.H., 316 
Wilson, R.J.M., 77 
Winchester, R.. 1193 
Winkelstein, A., 786 
Winkelstein, A., 1433 
Wirt, D.P., 932 
Witherspoon, R.P., 116 
Wolak, J.P., 122 
Wong, C., 147 
Wong, G., 330 
Wong, G.G., 657 
Wong, R., 1550 


1336 


SUBJECT INDEX 


ABMTs, see Autologous bone marrow transplantations 
ABO matching for platelet transfusions to refractory patients, 


23-30 


Abortions, hypofibrinogenemia and recurrent, associated with 


7p-.12q translocation, 921-925 


Acquired idiopathic sideroblastic anemia (AISA), cytogenetics of B 


cell involvement in, 1003-1004 


Acquired idiopathic siberoblastic anemia (AISA), progenitor cells, 
cytogenetics and cytochemistry of, 1367-1372 
Acquired immunodeficiency syndrome, see AIDS 


Actin filaments 


depolymerization of, by serum, 524-530 


PMN, stimulated and primed by PAF, 1921-1927 
polymerization of, and its relationship to locomotion and chemoki- 
netic response in maturing promyelocytic leukemia cells, 


363-367 


Activated complement (C), CALLA/CD10-negative neutrophil 


chemotactic response to, 1624-1629 


Activated platelets 


1977 


Woods, V.L., Jr., 1040 
Wormann, B., 132 
Wright, J.J.. 536 
Wright, J.J.. 1816 
Wyler, D.J., 572 


Yam, P., 1331 
Yamada, Y., 264 
Yang, K.G.. 583 
Yang, ¥-C., 657 
Yang, ¥-C., 1343 
Yazdenbakhsh, M., 379 
Yeager, A., 271 
Yednock, T.A., 1842 
Yodo, d., 1407 
Yokoyama, Y.. 1654 
Yoshida, Y., 1367 
Yoshino, T., 214 
Yoshizaki, Y.. 2H 
Young, B.D., 873 
Young, D.C.. 1218 
Young, N., 384 
Yunis, A.A., 1180 
Yuo, A., 404 


Zagars, G., 869 
Zambello, R., 396 
Zambello, R., 1530 
Zanjani, E.D., 542 
Zeigler, Z.R., 1433 
Zhou, F., 796 

Zhu, D-e., 147 

Zhu, G.J., 1858 

Zhu, X-X., 1470 
Zimmerman, C., 104 
Zimmerman, T.S., 173 
Zimmerman, T.S., 895 
Zimmerman, T.S., 985 
Zucchini, P., 1659 
Zucker, M.B., 546 
Zuchlsdorf, M.. 27] 
Zuehlsdorf, M., 1490 


detection of, in whole blood with activation-dependent MoA bs 
and flow cytometry of, 307-315 

53,000-molecular weight lysosome-like granule protein exposed 
on surface of circulating, and MoAbs against, 838-845 

IgA recognizing neoantigen on GPlla expressed on stored and, 


16-22 


phorbol esters sensitizing platelets to activation by physiological 
agonists, 1373-1381 y 
surface expression of GPHb/HIa induced by, 475-483 


Acute leukemia(s) 


with monocytic phenotype, c-fos expression in, 1450-1457 
See also specific forms of acute leukemias 
Acute leukemia B cells, IL-2R expressed on, 954-959 
Acute lymphoblastic (and lymphocytic) leukemia (ALL) 
childhood, see Childhood acute lymphoblastic leukemia 
genotype and phenotype analysis in, at first presentation and at 
relapse, 1079-1083 


1978 


Acute lymphoblastic (Continued) 
hypermethylation of 5’ region of CT gene in, 412-417 
infant, configuration of Ig and TRC genes in. 536-541 
Ph-positive, see Philadelphia-positive acute |ymphoblastic leuke- 
mia 
recurrence of, in donor cells after allogeneic BMT associated with 
chromosome 6 long arm deletion, 1099-: 104 
T cell, TRGy diversity and mRNA expression in, 637-646 
Acute lymphoblastic leukemia (ALL) cells, histone H1° synthesized 
by, 1203-1207 
Acute lymphoblastic leukemia (ALL) B cell precursors, prolifera- 
tion of, induced by L-BCGF, 132-138 
Acute lymphoblastic leukemia (ALL) CALLA-positive cells, pheno- 
typic differences and similarities between normal marrow 
CALLA-positive B cell precursors and, 314-821 
Acute megakaryoblastic leukemia with Down’s syndrome, c-sis gene 
expression in cells of patient with, 368-371 
Acute myeloblastic (and myelocytic) leukemia (AML) 
childhood, GF requirements of, 192-199 
chromosome 5 long arm deletion in, 1707-1708 
hypermethylation of 5’ region of CT gene in, 412-417 
immunophenotyping of, using MoAbs and alkaline phosphatase- 
antialkaline phosphatase technique, 83-90 
MRD in, leukemic cell distribution during, 1973-1078 
Ph-positive, c-ab/ expression in, 1584-1588 
t(7p—:lip+) involving short arm of chromosomes 7 and 11 
associated with, 1654-1658 
Acute myeloblastic leukemia (AML) blast cells, effects of rIL-3, 
rGM-CSF, and rG-CSF on, 657-663 
Acute myeloblastic leukemia (AML) cells, secretion of IL-1 by, 
inducing endothelial cells to secrete CSFs, 1218-1221 
Acute myeloblastic leukemia (AML) progenitor cells, IL-3 stimu- 
lating, 333-336 
Acute nonlymphoblastic (and nonlymphocytic) leukemia (ANLL) 
childhood, clinical significance of low levels cf MPO positivity in, 
51-54 
following etoposide and cisplatin therapy for NSCLC, 1412- 
1417 
minimally differentiated, 1400-1406 
Acute promyelocytic leukemia (APL), localization of G-CSF gene 
of chromosome 17 proximal to t(15;17) breakpoint in, 330- 
332 
Acyanotic congenital heart disease (CHD), childhood, siEP in, 
822-826 
Adenosine dialdehyde, and nitrous oxide inducing HL-60 differen- 
tiation, | b61-1164 
Adenosine diphosphate, see ADP: ADP, platelets and 
Adherent cells from LTMC transformed by SV-40, 464-474 
ADP (adenosine diphosphate), inhibition of GF-induced prolifera- 
tion by ribosylation inhibitors of, 686-693 
ADP (adenosine diphosphate), platelets and 
changes in phosphorylation of platelet proteins due to ADP, 
511-515 
effects of calcium concentration on Fg and vWF ability to support 
e platelet aggregation induced by ADP, 827-831 
FSBA interaction with ADP receptors on platelets, 796-803 
platelet aggregation induced by ADP dependent on conformation 
or availability of terminal y chain sequence of Fg Paris I, 
558-563 
platelet shape change and mobilization of cytoplasmic ionized 
calcium induced by ADP and mediated by distinct binding 
sites on platelets, 751-756 
vWF on platelet surface stimulated in plasma by ADP, 1363- 
1366 


SUBJECT INDEX 


Adnexal lymphoid neoplasms, ocular, ig and TCR 8 chain gene 
rearrangement in analysis of, 1519-1529 
Adult(s) receiving fetal liver transplant, Epo production in, 542- 
545 
Adult T cell leukemia (ATL), immunology and histology of, corre- 
lated with translocations, 1554-1564 
Adult T cell leukemia (ATL) ceils, H.-2-dependent expansion of, 
1407-1411 
Advanced non-small-cell carcinoma of the lung (NSCLC), ANLL 
following cisplatin-etoposide, regimen for, 1412-1417 
Age 
defective synthesis of PAF by leukocytes in Zellweger patients 
related to, 460-463 
and neutrophil function, 1131-1135, 1838-184] 
Aggregation 
of platelets, see Platelet aggregation 
RBC, 1572-1576 
RBC, 1572-1576 
Aggressive lymphoma, chemotherapy in. 1394-1399 
AIDS (acquired immunedeficiency syndrome) 
glycoprotein inhibitor of granulopotesis associated with, 1267- 
i272 
hemophilia-associated, see Hemophilia-associated AIDS 
risk of, for recipients of blood components from donors subse- 
quently developing, 1604-1410 
see also HIV 
AISA, see Acquired idiopathic sideroblastic anemia 
ALG (antilymphocyte globulin) for aplastic anemia, survival depen- 
dent on disease severity in, 1046-1052 
Alkaline phosphatase-antialkaline phosphatase technique, immuno- 
phenotyping of AML using MoAbs and, 83-90 
ALL, see Acute lymphoblastic (and lymphocytic) leukemia 
Alloantibodies, Rh, antiidiotypic IgG crossreactive with, in RBC 
autoimmunity, 710-715 
Allogeneic bone marrow transplantations (BMTs) 
following busulfan and cyclophosphamide regimen, | 382-1388 
host origin of hematopoietic microenvironment following, 1966- 
1968 
IgG subclass and antibacterial polysaccharide antibody defi- 
ciency after, 779-785 
recurrence of ALL in donor cells after, associated with chramo- 
some 6 long arm deletion, 1099-1104 
therapy of severe aplastic anemia with, 1325-1330 


Allogeneic bone marrow transplantations (BMTs) for CML 
gene rearrangements distinguishing pre- and post-BMT lympho- 
proliferative processes in, 882-885 
molecular analysis of relapse after, 873-876 
using unrelated donor, 877-881 
Alloimmunization, and response to nommatched platelet transfu- 
sions, 1727-1729 
all-trans-retinoic acid (RA), interaction of rTNF-a and, with nor- 
mal and leukemic hematopoietic cells, 1540-1546 
Amino acid residues, Gly 911 and Glu 1,365, collagen-interactive 
domain of vWF between, 1577-1583 
AML, see Acute myeloblastic (and myelocytic) leukemia 
Anemia 
aplastic, see Aplastic anemia 
defective endocytotic vesicle membrane transport of iron in, 
38-44 
monoclonal reconstitution of erythropoiesis in, SFU in, 1758- 
1763 
sickle cell, HbF production in, 716-721; see also Sickle cell(s} 
sideroblastic, see Acquired idiopathic sideroblastic anemia 


SUBJECT INDEX 


ANLL., see Acute nonlymphoblastic (and nonlymphocytic) leuke- 
mia 
Antibacterial polysaccharide antibody, deficiency in, after allo- 
geneic BMT, 779-785 
Antibady(ies) 
antibacterial polysaccharide, deficiency in, after allogeneic BMT, 
779-785 
anti- HLA, assays for, 1495-1499 
antiidiotype, in analysis of patient with CLL and LCL, 45-50 
and antiidiotypic IgG crossreactive with Rh alloantibodies in 
RBC autoimmunity, 710-715 
conformation-specific, plasma factor IX separated from HTLV-1 
or HIV by immunoaffinity chromatography with, 1312- 
1315 
to core and envelope proteins of HIV, 575-578 
lymphocytotoxic, measurement of, and response to nonmatched 
platelet transfusions in alloimmunized patients, 1727-1729 
monoclonal, see Monoclonal antibody(ies) 
Anticoagulants 
lgG lupus, specificity and mechanisms of action of, 69-76 
oral, prothrombin activation suppressed by, 348-349 
See.also Heparin; Warfarin 
Antigen(s) 
CALLA, see entries beginning with acronym: CALLA 
eCL.La, in CLL, MoAbs against, 437-443 
CDi, on thymus and leukemic T cells, 676-685 
formalin-resistant, Ki-B3 MoAb detecting, on normal and neo- 
plastic B cells, 629-636 
to HIV, 575-578 
HLA, see HLA antigen 
loss-of myeloid differentiation, preceding blastic transformation in 
CML, 122-131 
mosocional antibody-specific immobilization of platelet, 1722- 
1726 
myelomonocytic, expression of, on B-CLL cells correlated with 
their IL-1 production ability, 1750-1757 
T260, relationship between expression of, and stages of B cell 
differentiation in resurgent hyperplasia of BM, 1165-1172 
Antigen receptor gene rearrangement in HD, 96-105 
Anti-glycoprotein (GP) antibodies, plasma, in chronic ITP, 1040- 
1052 
Anti-HLA antibodies, assays for, 1495-1499 
Antiidiotype antibody in analysis of patient with CLL and LCL, 
45-50 
Antiiciotypic IgG (immunoglobulin G) crossreactive with Rh 
alloantibodies in RBC autoimmunity, 710-715 
Antilymphocyte globulin (ALG) for aplastic anemia, survival 
dependent on disease severity in, 1046-1052 
Anti-plasma prekallikrein MoAb inhibiting prekallikrein activation 
by factor XHa, 1053-1062 
Antitarombin IH (ATH) deficiency, hereditary, genetics of, 1273- 
1278 
Antitaymocyte globulin (ATG), cyclophosphamide and, as condi- 
tioning regimen for second BMT in patients with aplastic 
anemia, 118-121 
Aortic endothelial cells, ECM of, containing PAI-1, 721-728 
APL (acute promyelocytic leukemia), localization of G-CSF gene on 
chromosome 17 proximal to t(15;17) breakpoint in, 330-332 
Aplastic anemia 
ALG therapy for, and survival dependent on disease severity, 
1046-1052 
incidence and relevance of diagnosis in, 1718-1721 
second BMT in patients with, using cyclophosphamide and ATG 
conditioning regimen, 118-121 
severe, allogeneic BMT as therapy of, 1325-1330 
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Ara-C (cytosine arabinoside), dCyd protecting norma! progenitor 
cells from cytotoxicity of, 568-571 
PH]}Arachidonic acid, uptake of, into dense tubular system of 
platelets, 832-837 
Arginyl-glycyl-aspartic acid, sequences of, and fibrinogen binding to 
platelets, 110-115 
Asialo von Willebrand factor (AS-v WF) 
interactions of, with platelets in platelet type vWD, 1804-1809 
platelet adherence to arterial subendothelium inhibited by, 1084- 
1089 
ATG (antithymocyte globulin), cyclophosphamide and, as condi- 
tioning regimen for second BMT in patients with aplastic 
anemia, 118-12] 
ATL, see Adult T cell leukemia: Adult T cell leukemia cells 
ATIII (antithrombin) deficiency, hereditary, genetics of, 1273- 
1278 
A23187 calcium ionophore, synergistic action of TPA and, on 
B-CLL cells, 1536-1542 
Autoantibody(ies) 
to GPIb, pseudo-BSS as thrombocytopenia due to, 428-431 
platelet-associated and plasma anti-GP, in chronic ITP, 1040- 
1052 
Autofluorescent eosinophil granules, deposition of, in pathologic BM 
biopsies, 597-599 
Autoimmunity, RBC, antiidiotypic IgG crossreactive with Rh 
alloantibodies in, 710-715 
Autologous bone marrow transplantations (ABMTs} 
correlation between BM graft content of CFU-GM and time to 
hematologic reconstitution following, with 4-HC-purged 
BM, 271-275 
effects of rGM-CSF on recovery of recipient of, 1696-1699 
hematopoietic reconstitution following, 1188-1192 
and high-dose chemotherapy for resistant MM, 869-872 
limiting-dilution analysis in determination of leukemic cell fre- 
quencies after BM decontamination with mafosfamide or 
merocyanine 540 for, 1543-1549 
PRT for clinial ex vivo treatment of BM in, 484-489 
using unfractionated cells cryopreserved in DMSO and HES, 
974-978 
variability of 4-HC activity during BM purging for, 1490-1494 


Basophils 
differentiation between macrophage-like cells and, by KU-812, 
612-619 
phenotype of, 1872-1879 
B cell(s) 
cytogenetics of involvement of, in AISA, 1003-1005 
involvement of peripheral blood, in MM, 1550-1553 
neoplastic, Ki-B3 detecting formalin-resistant antigen on, 629- 
636 
and new pre-B cell component of plasma cell myeloma, 932-942 
in NHL, 287-292 
normal, see Normal B cells 
sialophorin expressed on, in Wiskott-Aldrich syndrome, 104-109 
B cell chronic lymphocytic leukemia (B-CLL) cells 
expression of myelomonocytic antigens on, correlated with their 
IL-1 production ability, 1750-1757 
functional heterogeneity of, 1105-1110 
normal cellular counterparts of, 418-427 
serum levels of soluble IL-2R in, 396-400 
spontaneous production of IL-1 activity by, 1851-1857 
synergistic action of A23187 and TPA on, 1536-1542 
B-CLL, see B cell chronic lymphocytic leukemia cells 
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B cell differentiation 
in close association with stromal cells in diffusion chambers. 
1418-1424 
relationship between expression of T200 antigen and stages of, in 
resurgent BM hyperplasia, 1165-1172 
B cell growth factor (BCGF), L-, proliferation of ALL B cell 
precursors induced by, | 32-138 
B cell growth factor (BCGF) receptor, expression of, and BCGF 
response of leukemic B cell precursor and B lymphoid 
progenitor, 1020-1034 
B cell leukemia cells 
activation of 1193-1202 
c-fos expression in subsets of, 1450-1487 
IL-2R expressed on, 954-959 
B cell precursor(s} 
leukemic, BCGF receptor expression and response of, 1020-1034 
phenotypic differences and similarities between normal marrow 
CALLA-positive, and CALLA-positive ALL cells, 814-821 
proliferation of ALL, induced by L-BCGF, 132-138 
survival of, in diffusion chamber cultures, 1418-1424 
B-cell precursor acute lymphoblastic leukemia (ALL), childhood, 
tdic(9;12) translocaton in, 1962-1965 
B cell prolymphocytic leukemia (B-PLL) cells, proliferation of, 
induced by PMA and native or rI FN-+, 670-675 
B cell stimulatory factor-I /interleukin 4 (BSF-1/IL-4), effects of, 
on hematopoietic progenitors, 254-263 
BCGF, see B cell growth factor 
ber, see Breakpoint cluster region 
Bernard-Soulier syndrome (BSS), pseudo-, as thrombocytopenia 
caused by autoantibody to GPIb, 428-431 
b5, fixed, paraffin-embedded tissues, immunohistochemical charac- 
terization by BM-1] MoAb of, 1124-1130 
Biopsies, pathologic BM, autofluorescent eosinophil granules in, 
597-599 
Biotinylated red blood cells (RBCs), survival and recovery of, 
791-795 
Black hereditary persistence of fetal hemoglobin (HPFH), types | 
and 2, 3’ ends of deletions of 8 globin gene in, 595-596 
Blast cells 
AML, effects of rIL-3, rGM-CSF, rG-CSF on, 657-663 
riL-3 and rGM-CSF compared in supporting colony formation of, 
1343-1348 
See also specific types of blast cells 
Blast crisis 
CML, breakpoints localized to specific regions of ber during, 
448-455 
(3,21) associated with CML, 1338-1342 
Blastic transformation in CML, loss of myeloid differentiation 
antigens preceding, 122-13) 
Bieeding time (BT} in vWD, 1354-136] 
Blood group phenotype, S-—-s---U, 6 glycophorin gene deletion in 
individuals homozygous for, 1830-1835 
Blood product(s), laser-ultraviolet irradiation for inactivation of 
viruses in, 589-592 
Blood product transfusions, risk of AIDS for recipients of, from 
° donors subsequently developing AIDS, 1604-1610 
BM, see Bone marrow 
BM-! MoAb, immunchistochemical characterization of 183-kD- 
myeloid-specific- DNA-binding protein in B5, fixed, paraffin- 
embedded tissues and BM aspirates by, 1124-1130 
BMTs, see Bone marrow transplantations 
B19 parvovirus, erythroid BM cells infected by, 384-39] 
Bone marrow (BM} 
autofluorescent eosinophil granules in pathologic biopsies of, 
597-599 
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Bone marrow (BM) (Continued) 
How cytometry of, showing normal B cell development, 1316- 
1324 
hyperplastic, relationship between expression of T200 antigen and 
stages of B cell differentiation in resurgent, 1165-1172 
immunohistochemical characterization of aspirates of, by BM-1 
MoAb, 1124-1130 
injury to, induced by CAP, 1180-1185 
isolation, characterization, and localization of giycosaminogly- 
cans in, 501-510 
See also ertries beginning with element: Myelo- 
Bone marrow adherent cells transformed by SV40, 464-474 
Bone marrow (BM) CALLA-positive B cell precursors, normal, 
pheno:ypic similarities and differences between CALLA- 
positive ALL cells and, 814-82] 
Bone marrow (BM) cells, unfractionated, ABMT using, cryopre- 
served in DMSO and HES, 974-978 
Bone marrow (BM)-derived megakaryocytic progenitors, effects of 
riFN-~ and riFN-y on, 1173-1179 
Bone marrow (BM) erythroid cells, see Erythroid cells 
Bone marrow (BM) granulocyte-macrophage colonies (CFU-GM), 
response of, to PGE,, 1792-1796 
Bone marrow (BM) matrix, HL-60 phenotype modulation by, 
1119-1123 
Bone marrow (BM) purging, see Bone marrow transplantations 
Bone marrow transplantations (BMTs) 
allogeneic, see Allogeneic bone marrow transplantations 
autologous, see Autologous bone marrow transplantations 
for childhood ALL in second remission, 324-326 
clonogenic 1ematopoietic precursors in, 1425-1432 
haploidentical, for SCID, marrow treated with CT-2 MoAb and C 
following, 664-669 
for hematologic malignancies, mixed hematopoeitic chimerism 
after, 1331-1337 
y-irradiation and busulfan compared in BM preparation for, and 
their effects on recovery of contact hypersensitivity, 1910- 
1920 
PB mononuclear cells response to IL-2 following, 1595-1603 
for Ph-positive ALL, 587-588 
second, in patients with aplastic anemia with cyclophosphamide 
and ATG conditioning regimen, 118-121 
See also Scybean lectin-separated marrow; T-cell depleted mar- 
row 
Botracetin, vWF binding to GPIb induced by, 985-988 
B-PLL (B ceil prolymphocytic leukemia) cells, proliferation of, 
induced by PMA and native or rl FN-y, 670-675 
Breakpoint cluster region (ber) 
breakpoints during blast crisis of CML localized in specific 
regions of, 448-455 
of chromosome 18q21, cytogenetics of lymphoma refined by, 
1816-1323 
chromosome 22 breakpoint outside, in Ph-positive CML, 1659- 
1664 
BSF-1/1L-4 (3 cell stimulatory factor/1/interleukin 4), effects of, 
on hematopoietic progenitors, 254-263 
BSS (Bernare-Soulier syndrome). pseudo-, as thrombocytopenia 
caused by autoantibody to GPIb, 428-431 
Burkitt’s leukemia, molecular analysis of, in two hemophilic broth- 
ers with AIDS, 1713-1717 
Busulfan 
and cyclophosphamide regimen, allogeneic BMT following, 1382- 
1388 
in preparation of BM for BMTs and ns effects of recovery of 
contact hypersensitivity, 1910-1920 
BT (bleeding tame) in vWD, 1354-1361 
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C (complement), elimination of MM stem cells with MM4 MoAb 
and, 1482-1489 
c-ab/ protooncogene, expression of, in Ph-positive AML, 1654-1658 
Cachectin, see Recombinant tumor necrosis factor-a 
Calcitonin (CT) gene, hypermethylation of S’ region of, in ALL and 
AML, 412-417 
Calcium (Ca) 
cysteine protease activity in serum of patients with TTP depen- 
dent on, 1584-1588 
cytoplasmic, mobilization of, induced by ADP and mediated by 
distinct binding sites on platelets, 751-756 
effects of concentration of, on Fg and vWF ability to support 
ADP-induced platelet aggregation, 827-831 
epitope mapping of factor Va functional domains and evidence of 
its interaction with, 139-146 
permeability and concentration of, not impaired in §-thalassemia 
and HbC erythrocytes, 804-808 
TXA, formation on contact with platelets in medium with low 
concentration of, 647-651 
Calcium (Ca) ionophore A23187, synergistic action of TPA and, on 
B-CLL cells, 1536-1542 
CALLA/CD10-negative neutrophils, chemotactic response of, to 
activated C, 1624-1629 
CALLA-positive acute lymphoblastic leukemia (ALL) cells, pheno- 
typic similarities and differences between norma! marrow 
CALLA-positive B cell precursors and, 814-821 
CAP (chloramphenicol), BM injury induced by, 1180-1185 
Carbohydrate-binding specificity of lymphocytes, 1842-1850 
Carbohydrate moiety, role of, in vWF function, 608 
Carrier detection 
of hemophilia A, factor VHI cDNA in, 351-355 
of hemophilia B, 1006-1013 
Cations, K transport inhibited by divalent, in sickle RBCs, 1810- 
1815 
CCHD (cyanotic congenital heart disease), childhood, siEP in, 
822-826 
cCLLa antigen, MoAbs against, in CLL, 457-463 
cDNA (complementary deoxyribonucleic acid) 
lactoferrin, isolation of, from myeloid library and expression of 
mRNA during normal and leukemic myelopoiesis, 989-993 
6-spectrin, cloning and nucleotide sequence of, 915-920 
See also Restriction fragment length polymorphisms 
CD! antigen on thymus cells and leukemic T cells, 676-685 
Cell differentiation, see Differentiation 
CFCs (colony-forming cells), HPP- and/or LPP-, effects of rIL-3 
on, 401-403 
c-fos protooncogene 
expression of, in acute leukemias with monocytic phenotype and in 
subsets of B cell leukemias, 1450-1457 
transcriptionally active, in normal granulocytes, 456-459 
CFU-GM, see Granulocyte-macrophage colonies 
a-Chain, factor XIII, normal peripheral blood monocytes and liver 
as sites of synthesis of, 579-582 
8 and y Chain gene rearrangement, see T cell receptor 8 chain gene 
rearrangement; T cell receptor y chain gene rearrangement 
Chain sequence of Fg Paris I, ADP-induced platelet aggregation 
depending on conformation of availability of terminal, 558- 
565 
CHD (congenital heart disease), childhood cyanotic and acyanotic, 
siEP in, 822-826 
Chemokinetics of locomotion in maturing promyelocytic leukemia 
cells, actin polymerization and, 363-367 
Chemotactic factors, impaired induction of MAC-1 by, and abnor- 
mal stimulated adherence of NGs, 740-750 
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Chemotactic response of CALLA/CD10-negative neutrophils to 
activated C, 1624-1629 
Chemotaxis, characterization of defective, in PMNs exposed to 
influenza virus, 251-255 
Chemotherapy 
ABMT and high-dose, for resistant MM, 869-872 
in aggressive lymphoma, 1394-1399 
See also specific chemotherapeutic agents 
Childhood acute lymphoblastic leukemia (ALL) 
B-cell precursor, tdic(9;12) translocation in, 1962-1965 
hypoploidy and prognosis of, 247-253 
in second remission, BMT for, 324-328 
TCR y chain gene rearrangement in, 1933-1939 
Childhood acute myeloblastic leukemia (AML), growth factor 
requirements of, 192-199 
Childhood acute nonlymphoblastic leukemia (ANLL), clinical sig- 
nificance of low levels of MPO positivity in, 51-54 
Childhood cyanotic and acyanotic congenital heart disease (CHD), 
siEP in, 822-826 
Childhood non-Hodgkin’s lymphoma (NHL), serum IL-2R levels 
related to advanced, and its poor outcome, 624-628 
Childhood Philadelphia (Ph)-positive acute lymphoblastic leukemia 
(ALL) 
clinica! and biologic hallmarks in, 948-953 
multipotential stem cell disease in, 1458-1461 
Childhood thrombocytopenia, '''In-oxine platelet survival in, 852- 
856 
Chimerism, see Mixed blood chimerism 
Chinese 58-thalassemia chromosome, 8 globin gene on, carrying 
promoter mutation, 1470-1474 
Chloramphenicol (CAP), BM injury induced by, 1180-1185 
Chromatography, immunoaffinity, with conformation-specific anti- 
bodies, plasma factor IX separated from HTLV-1 or HIV by, 
1312-1315 
Chromosome(s) 
Chinese 56-thalassemia, 8 globin gene on, carrying promoter 
mutation, 1470-1474 
See also Translocation(s) specific chromosomes and entries 
beginning with term: Philadelphia 
Chromosome 5, long arm deletion of, 1705-1712 
Chromosome 6, long arm deletion of, recurrence of ALL in donor 
cells after allogeneic BMT associated with, 1099-1104 
Chromosome 7 
long arm deletion of, in myeloid disorders, 1349-1353 
t(7p—;llp+) involving short arm of, associated with AML, 
1654-1658 
Chromosome 11, t(7p~—;lip+) involving short arm of, associated 
with AML, 1654-1658 
Chromosome 11q23, identification of RFLP involving ETS-1 onco- 
gene on, 327-329 
Chromosome 17, localization of G-CSF gene on, proximal to 
t(15;17) breakpoint in APL, 330-332 
Chromosome 18q21 
in diffuse and follicular lymphomas, 90-95 
refinement of lymphoma cytogenetics by major breakpoint region 


of, 1818-1823 ° 
Chromosome 22, breakpoint of, outside ber in Ph-positive CML, 
1659-1664 


Chronic immune thrombocytopenic purpura (ITP), platelet-asso- 
ciated, and plasma anti-GP autoantibodies in, 1040-1052 
Chronic lymphoblastic (and lymphocytic) leukemia (CLL) 
antiidiotype antibody in analysis of patient with Richter’s syn- 
drome and, 45-50 
B-, see B cell chronic lymphocytic leukemia cells 
MoAbs against cCLLa antigen in, 437-443 
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Chronic lymphoblastic (Continued) 
T-, IL-2 dependent on T cells from patient with, not infected with 
HTLV-1, 1069-1071 
Chronic myeloblastic (and myelocytic) leukemia (CML) 
allogeneic BMT for, see Allogeneic bone marrow transplantations 
for CML 
breakpoints localized to specific regions of ber in blast crisis of, 
448-455 
identification of molecular variants of p210°°*" in, 233-236 
loss of myeloid differentiation antigens preceding blastic transfor- 
mation in, [22-131 
neutrophil abnormalities in, repaired with rG-CSF, 404-411 
Ph-negative, establishment and characterization of myeloid cell 
lines from , in patient with MDS and, 1665-1672 
Ph-positive, with chromosome 22 breakpoint outside ber, 1659- 
1664 
radiogenic, 905-908 
rlFN-+ for, 943-947 
(3:21) associated with blast phase of, 1338-1342 
Chronic myeloblastic leukemia (CML) cells, juvenile, in peripheral 
blood during remission, | 466-1469 
Circulating activated platelets, 53,000-molecular weight lysosome- 
like granule protein exposed on surface cf, 838-845 
Circulating hematopoietic progenitors, effects of rlFN-a and 
rlFN-y on growth of, in patients with myelofibrosis and 
myeloid metaplasia, 1014-1019 
Cisplatin-etoposide regimen, ANLL following, for advanced 
NSCLC, 1412-1417 
Cl--dependent K* efflux, deoxygenation inhibiting volume-stimu- 
lated, in sickle cells, 1861-1866 
Clinical characteristics and presentation 
of childhood Ph-positive ALL, 948-953 
molecular determinants of HE and HPP, 766-772 
CLL, see Chronic lymphoblastic (and lymphocytic) leukemia 
CML, see Chronic myeloblastic (and myelocytic) leukemia 
CMV (cytomegalovirus), effects of, on peripheral blood F lympho- 
cytes, 516-523 
c-myc oncogene, rTNF regulating expression of, in HL-60 cells, 
200-205 
Coagulation-kinin pathway of plasma, 1-15 
Coagulation systems 
development of, in full-term infants, 165-172 
See also Hemostatic system 
Codon, mutation of « globin gene initiation, in HbH disease, 
729-732 
Collagen 
collagen-interactive domain of vWF between amino acid residues 
Gly 911 and Glu 1,365, 1577-1583 
vWF interaction with, 807-808 
vWF involvement in platelet adhesion to, 1214-1217 
Collagen surfaces, FN required for platelet adhesion and thrombus 
formation on, 1437-1442 
Colony-forming cells (CFCs), HPP- and/or LPP-, effects of rIL-3 
on, 401-403 
Colony-stimulating factors (CSFs) 
D- „hematopoietic precursors response to, 1784-1789 
effects of, on hematopoietic progenitor cell growth, 1611-1618 
G-, see Granulocyte colony-stimulating factor 
GM.-, see Granulocyte-macrophage colony-stimulating factor 
IL-1 secretion by AML cells inducing endothelial cells to secrete, 
1218-1221 
recombinant human multilineage. see Interleukin 3 
secretion of, for macrophages by monocytes induced by TNF-a, 
1700-1703 
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Complement (C) 
activated, CALLA/CD10-negative neutrophil chemotactic re- 
sponse to, 1624-1629 
BM treated with CT-2 MoAb and, following haploidentical BMT 
for SCID, 664-669 
elimination of MM stem cells with MM4 MoAb and, 1482-1489 
Complementary deoxyribonucleic acid, see cDNA 
Complex inherited thrombotic disorders, molecular defects in, 347 
Conformation-specific antibodies, plasma factor IX separated from 
HTLV-i or HIV by immunoaffinity chromatography with, 
1312-1315 
Congenital heart disease (CHD), childhood cyanotic and acvanouic, 
SIEP in, 822-826 
Contact hypersensitivity, recovery of, following BMT, 1910-1920 
Crossmatching for platelet transfusions to refractory patients, 
23-30 
Cryopreservation of unfractionated cells in DMSO and HES used in 
ABMT, 974-979 
CSFs, see Colony-stimulating factors 
c-sis gene, expression of, in cells from patient with acute megakaryo- 
blastic leukemia and Down’s syndrome, 368-37] 
CT (calcitonin) gene, hypermethylation of S region of. in ALL and 
AML, 412-417 
CT-2 MoAb, BM treated with C anc, following haploidentical BMT 
for SCID, 664-669 
Cyanotic congenital heart disease (CCHD), childhood, siEP in, 
822-826 
Cyclophosphamide (CY) 
allogeneic BMT following regimen of busulfan and, 1382-1388 
and ATG as conditioning regimen for second BMT in patients 
with aplastic anemia, 118-121 
Cysteine protease, activity of, in serum of patients with TTP 
dependent on calcium, 1683-1687 
Cytochemistry 
of MPO-containing neutrophil microgranules, 1630-1638 
of progenitor cells in PASA, 1367-1372 
Cytogenetics 
of B cell involvement in acquired idiopathic sideroblastic anemia, 
1003-1005 
of lymphoma, refined by major breakpoint region of chromosome 
i8q21, 1816-1823 
of mastocytosis, 1928-1932 
of PASA progenitor cells, 1367-1372 
of T-PLL, 926-931 
Cytomegalovirus (CMY), effects of, on peripheral blood T lympho- 
cytes, 516-523 
Cytometry, flow, see Flow cytometry 
Cytoplasmic calcium (Ca), mobilization of, induced by ADP and 
mediated by distinct binding sites on platelets, 751-756 
Cytoplasmic factor required for entry of P. falciparum into RBCs, 
77-82 
Cytosine arabinoside (Ara-C), dCyeé protecting normal progenitor 
cells from cytoxicity of, 568-571 
Cytosol of leukemic cells, 52-kD and 30-kD glucocorticoid receptor 
fragments produced by neutrephil elastase In, 860-868 


D-CSF (diffusible colony-stimulating factor), hematopoietic precur- 
sors response to, 1784-1789 

dCyd (deoxycytidine), normal progenitor cells protected by, from 
Ara-C cytoxicity, 568-571 

|-Deamino-8-D-arginine vasopressin (DDAVP), proteolytic degra- 
dation of vWF after administration of, in normal individuals, 
173-176 

Defensin in dense granules of neutrophils, 757-765 
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Deletions 
chromosome 5 long arm, 1705-1712 
chromosome 6 long arm, recurrence of ALL in donor cells after 
allogeneic BMT associated with, 1099-1104 
chromosome 7 long arm, in myeloid disorders, 1349-1353 
å glycophorin gene, in individuals homozygous for S—s-—U blood 
group phenotype, 1830-1835 
in HPFH, 1797-1803 
See also 8 Globin gene deletions 
Dense granules of neutrophils, defensin in, 757-765 
Dense tubular system of platelets, [’H]arachidonic acid uptake in, 
832-837 
Deoxycytidine (dCyd), normal progenitor cells protected by, from 
Ara-C cytoxicity, 568-571 
Deoxyribonucleic acid, see DNA 
1,25(OH),D,, see la,25-Dihydroxyvitamin D, 
Depolymerization of actin filaments by serum, 524-530 
Dermatan Sulphate (DS), PA release induced by, 1858-1860 
Diagnosis 
aplastic anemia, 1718-1721 
fetal, of hemophilia A with factor VIET cDNA, 531-335 
See also Carrier detection and specific diagnostic techniques 
Differentiation 
B cell, see B cell differentiation 
bipotential, of KU-812, 612-619 
diploid myeloid leukemia cell line with granulocytic and mono- 
cytic differentiating capacity, 372-378 
HIL.-60, see HL-60 cell differentiation 
receptor-mediated monocytoid, or promyelocytic celis by TNF, 
994-1002 
Differentiation antigens, loss of, preceding blastic transformation in 
CML, 122-131 
Differentiation marker of myelomonocytic lineage, oncoplacental 
protein SP, as, 1279-1283 
Diffusible colony-stimulating factor (D-CSF), hematopoietic pre- 
cursors response to, 1784-1789 
Diffuse lymphoma, chromosome 18q21 gene rearrangement in, 
90-95 
la,25-Dihydroxyvitamin D, [1,25(0H),D;], 
lymphokine-mediated activation of oxidative metabolism of U937 
cell line and phosphorylation of 48-kD respiratory burst- 
associated protein enhanced by, 1639-1644 
and receptor-mediated monocytoid differentiation of promyelo- 
cytic cells by TNF, 994-1002 
Dimethylsulfoxide (DMSO), unfractionated cryopreserved cells in 
HES and, and used in ABMTs, 974-979 
Dimorphism, factor IX, carrier detection of hemophilia B with 
immunoassay distinguishing, 1006-1013 
Diploid myeloid leukemia cell lines with granulocytic and monocytic 
differentiating capacity, 372-378 
Divalent cations, K transport inhibited by, in sickle RBCs, 1810- 
1815 
DMSO (dimethylsulfoxide), unfractionated cryopreserved cells in 
HES and, and used in ABMT, 974-979 
DNA (deoxyribonucleic acid) 
complementary, see cDNA 
183-kD-myeloid-specific- DNA-binding protein of, immunohisto- 
chemistry of, in B5, fixed, paraffin-embedded tissues and BM 
aspirates by BM-1 MoAb, 1124-1130 
synthesis of fibroblast, stimulated by eosinophils, 572-574 
Donors, see Transfusions; Transplantations 
Down’s syndrome, acute megakaryoblastic leukemia with, c-sis gene 
expression in cells of patient with, 368-371 
DS (Dermatan Sulphate), PA release induced by, 1858-1860 
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EBV, see Epstein-Barr virus 
ECM, see Extracellular matrix 
Elastase, neutrophil, 52-kD and 30-kD glucocorticoid receptor frag- 
ments produced by, in cytosol of leukemic cells, 860-868 
ELISA (enzyme-linked immunoassay), plasma and platelet HLA in 
normal individuals measured by, 282-256 
Elliptocytosis, hereditary, molecular determinants of clinical expres- 
sion of, 766-772 
Endocytotic vesicle membrane transport of iron in anemia, 38-44 
Endothelial cells 
conversion of active to latent PAI-1 from, 1090-1098 
ECM of aortic, containing PAI-1, 721-728 
effects of flow cytometry on PMN adhesion to, 1284-1290 
IL-1 secretion by AML cells inducing, to secrete CSFs, 1218- 
1221 
interaction of, with sickle cells, sickle trait, mechanically injured, 
and normal RBCs, 152-157 
Enzyme-linked immunoassay (ELISA), plasma and platelet HLA in 
normal individuals measured by, 282-286 
Eosinophil(s) 
fibroblast DNA synthesis stimulated by, 572-574 
response of, to FMLP, 379-383 
Eosinophil granules, deposition of autofluorescent, in pathologic BM 
biopsies, 597-599 
Ep and Epo, see Erythropoietin 
Epitope mapping of functional domains of factor Va with MoAbs, 
139-146 
Epstein-Barr virus (EBV), effects of, on peripheral blood cells, 
516-523 
Epstein-Barr virus (EBV)-carrying cell line, FL-18-EB, obtained 
from patient with follicular lymphoma, 1619-1623 
E rosette-depleted bone marrow (BM), NK cells activated by H-2 in 
BMTs with soybean lectin-separated and, 1893-1903 
Erythroblastic leukemias, effects of GM-CSF and Ep on leukemic 
erythroid colony formation in, 965-973 
Erythrocytes, see Red blood cell(s) 
Erythroid cells 
infected by B19 parvovirus, 384-391 
precommitted, enriched in Friend erythroleukemia cell cultures, 
1565-1571 
Erythroid phenotype of HEL cells, 1764-1772 
Erythroid progenitors, rGM-CSF action on, 1867-1571 
Erythroleukemia cells 
effects of GM-CSF and Epo on formation of, in erythroblastic 
leukemias, 965-973 
Friend, precommitted erythroid cells enriched in cultures of, 
1565-1571 
Erythropoiesis 
glycosylation and expression of glycophorin A during, 1959-1961 
monoclonal reconstitution of, in anemia, 5-fluorouracil in, 1738- 
1763 
Erythropoietin (Ep: Epo) 
effects of GM-CSF and, on leukemic erythroleukemia cell colony 
formation in erythroblastic leukemias, 965-973 
production of, in adult recipients of fetal fiver transplants, 542- 
545 
regulation of production of, in hepatoblastoma cell line, 1904- 
1909 
serum immunoreactive, in childhood cyanotic and acyanotic 
CHD, 822-826 
serum transferrin receptor as index of, 1955-1958 
Erythropoietin (Epo) mRNA (messenger ribonucleic acid), renal, 
physiologic regulation and tissue localization of, 316-323 


1984 


Etoposide-cisplatin regimen, ANLL following, for advanced 
NSCLC, 1412-1417 
ETS-1 oncogene, identification of RFLP involving, on chromosome 
11q23, 327-329 
Extracellular matrix (ECM) 
of aortic endothelial cells containing PAI-1, 721-728 
of heparan sulfate, non-anticoagulant heparin species inhibiting 
degradation of, mediated by heparanase, 551-557 


FACS (fluorescence-activated cell sorting), megakaryocyte purifi- 
cation by, 1735-1742 
Factor HHI (tissue factor: tissue thromboplastin), HTF1-788 MoAb 
inhibiting, 490-493 
Factor V, regulation of, by neutrophil protease, 846-851 
Factor Va, epitope mapping of functional domains of, with MoAbs, 
139-146 
Factor Vila-tissue factor complex inhibited by plasma lipoproteins, 
1947-1954 
Factor VIH binding domain, localization of, on 34-kD fragment of 
N-terminal portion of VWF, 1679-1682 
Factor VII] cDNA in carrier detection and prenatal diagnosis of 
hemophilia A, 531-535 
Factor IX 
carrier detection of hemophilia B with immunoassay distinguish- 
ing dimorphism of, 1006-1013 
plasma, HTLV-1 or HIV separated from, by immunoaffinity 
chromatography with conformation-specific antibodies, 
1312-1315 
Factor Xa, epitope mapping of functional domains of factor Va and 
evidence of its interaction with, 139-146 
Factor XI, defective cross-reacting material in, in patients with 
deficient, 31-37 
Factor XH (Hageman factor), and coagulation-kinin pathway in, 
1-15 
Factor XIla, anti-plasma prekallikrein MoAb inhibiting prekalli- 
krein activation by, 1053-1062 
Factor XIH a-chain, normal peripheral blood monocytes and liver as 
sites of synthesis of, 579-582 
Fe receptor-specific clearance, ITP with impaired, of reticuloendo- 
thelial system in homosexuality, 392-395 
Feline leukemia virus (FePV-FAIDS), transmission and pathogene- 
sis of, 1880-1892 
Fetal diagnosis of hemophilia A with factor VIH cDNA, 531-535 
Fetal hemoglobin (HbF) 
black hereditary persistence of, types | and 2, 3’ ends of deletions 
of 8 globin gene in, 595-596 
influence of hydroxyurea on, 1824-1829 
production of, in SCA, 716-721 
Fetal liver transplantation, adult recipients of, production of Epo by, 
542-545 
Fg, see Fibrinogen, platelet aggregation and Fibrinogen-platelet 
binding 
Fibrin 
monomer of, inducing binding of vWF to glycocalicin portion of 
GPIb, 1589-1594 
TGs in vascular cells and tissues as alternate pathway for stabili- 
zation of, 702-709 
Fibrin | polymer, regulation of action of thrombin on, in prethrom- 
botic state, 347 
Fibrinogen (Fg), platelet aggregation and 
effects of calcium concentration on Fg ability to support ADP- 
induced aggregation, 827-831 
platelet disaggregation and, dependent and independent of Fg, 
222-226 


SUBJECT INDEX 


Fibrinogen (Fg) Paris I, ADP-induced platelet aggregation depend- 
ing on conformation or availability of terminal y chain 
sequence of, 558-563 

Fibrinogen (Fg)-platelet binding 

arginyl-glycyl-aspartic acid sequences and, 110-115 

surface expression of GPIIb/IIIa related to, 475-483 
Fibrinolytic system 

molecular defects in, in prethrombotic state, 347-348 

and pathway of coagulation in plasma, 5-6 

response of, to tPA, 564-567 

Fibroblast DNA, synthesis of, stimulated by eosinophils, 572-574 

Fibronectin (FN) in platelet adhesion and thrombus formation on 
subendothelium and collagen surfaces, 1437-1442 

i3;17 translocation [t(15;17)], localization of G-CSF gene on chro- 
mosome 17 proximal to breakpoint of, in APL, 330-332 

52-kD glucocorticoid receptor fragments produced by neutrophil 
elastase in cytosol of leukemic cells. 860-868 

53,000-molecular weight lysosome-like granule protein exposed on 
surface of circulating activated platelets, 838-845 

Filter blockage in vWD, 1354-1361 

FL-18 (lymphoma cell lines) and FL-18-EB (Epstein-Barr virus- 
carrying cell line) from patient with follicular lymphoma, 
1619-1623 

Flow cytometry 

of BM showing normal B cell development, 1316-1324 
detection of activated platelets in whole blood using, 307-315 
in detection of hairy cells using MoAbs, 10663-1068 

effects of, on PMN-endothelial cell adhesion, 1284-1290 

Fluorescence-activated cell sorting (FACS), megakaryocyte purifi- 
cation by, 1735-1742 

5'-p-Fluorosulfonylbenzoyladenosine (FSBA) 

interaction of, with ADP receptor on platelets, 796-803 
as weak platelet agonist, 751-756 

5-Fluorouracil (SFU), monoclonal reconstitution of erythropoiesis in 
anemia and, 1758-1763 

fMLP (formyl-methionyl-leucyl!-phenylalanine), eosinophil re- 
sponse to, 379-383 

FN (fibronectin) in platelet adhesion, and thrombus formation on 
subendothelium and collagen surfaces, 1437-1442 

Follicular lymphoma 

chromosome 18q21 gene rearrangement in, 90-95 
FL-18 and FL-1}8-EB obtained fram patient with, 1619-1623 

Formation-resistant antigen, Ki-B3 detecting, on normal and neo- 
plastic B cells, 629-636 

Formyl-methionyl-leucyl-phenylalanine (fMLP), eosinophil re- 
sponse to, 379-383 

fos protooncogene, see: c-fos protooncogene 

IWS-1 sequence of 8 globin gene, mutation in, causing 8 thalassemia, 
147-151 

14:18 translocation [t(14;18)], histology of NHL carrying, 444-447 

48-kD respiratory burst-associated protein, phosphorylation of, 
enhanced by 1,25(OH),D,, 1639-1644 

Friend erythroleukemia cells, precommitted erythroid cells enriched 
in cultures of, 1565-1571 

FSBA, see 5’-p-Fluorosulfonylbenzovladenosine 

SFU (5-flucrouracil), monoclonal reconstitution of erythropoiesis in 
anemia and, 1758-1763 

Full-term infants, development of coagulation system in, 156-172 

Functional domains, epitope mapping of factors Va and Xa with 
MoAbs, 139-146 


Gamma globulin, see IgG 
G-CSF, see Granulocyte colony-stimulating factor 


SUBJECT INDEX 


Gene(s) 
calcitonin, hypermethylation of 5’ region of, in acute lymphocytic 
and myelocytic leukemias, 412-417 
characterization of membrane protein defect in In(Lu) Lu(a-b-) 
erythrocyte, 1475-1481 
c-sis, expression of, in cells from patient with acute megakaryo- 
blastic leukemia and Down’s syndrome, 363-371 
G-CSF, localization of, on chromosome 17 proximal to t(15;17) 
breakpoint in APL, 330-332 
globin, see a Globin gene; 8 Globin gene; 8 Globin gene deletions; 
é Globin gene 
é glycophorin, deletion of, in individuals homozygous for S—s—U 
blood group phenotype, 1830-1835 
growth factor, chromosome 5 long arm deletion and, 1709-1710 
Ig, configuration of, in infant ALL, 536-541 
TCR, configuration of, in infant ALL, 536-541 
TRG y, diversity and mRNA expression of, in T-ALL, 637-646 
See also Oncogene(s) 
Gene rearrangement 
antigen receptor, in HD, 96-103 
chromosome 18q21, in diffuse and follicular lymphomas, 90-95 
Ig, see Ig gene rearrangement 
pre- and post-BMT lymphoproliferative processes in CML and, 
882-885 
TCR, see T cell receptor 8 chain gene rearrangement; T cell 
receptor + chain gene rearrangement; T cell receptor gene 
rearrangement 
Genetics 
and genetic differences in Hb influence on RBC oxidative stress 
hemolysis, 909-914 
See also Cytogenetics entries beginning with terms: Congenital, 
Hereditary and specific aspects of genetics 
Genotype, analysis of, in ALL, at first presentation and at relapse, 
1073-1078 
GFs, see Growth factor(s) 
Globin, Showa-Yakushiji (,110 Leu-Pro), causing a 8-thalassemia 
phenotype, 1688-1691 
a Globin gene, mutation of initiation codon of, in HbH disease, 
729-732 
8 Globin gene(s) 
on Chinese 6 8-thalassemia chromosome carrying promoter muta- 
tion, 1470-1474 
equal stabilities of nontranslatable 6°-39 mRNA §-thalassemia 
and normal, 293-301 
mutation in [VS-1 sequence of, causing §-thalassemia, 147-151 
regulated expression of amplified, 733-739 
8 Globin gene deletions 
7’ ends of, in Spanish y 8°-thalassemia and black HPFH, 593- 
596 
~ 300 bp, involving part of 5’ region in 8-thalassemia, 583-586 
5 Globin gene from patients with homozygous 6°-thalassemia func- 
tioning normally on transient expression in heterologous cells, 
809-813 
Globulin 
antilymphocyte, for aplastic anemia, survival dependent on dis- 
ease severity in, 1046-1052 
antithymocyte, cyclophosphamide and, as conditioning regimen 
for second BMT in patients with aplastic anemia, 118-121 
gamma, see IgG 
Glucocorticoid receptor fragments, 52-kD and 30-kD, produced by 
neutrophil elastase in cytosol of leukemic cells, 860-868 
Gly 911 and Glu 1,365 amino acid residues, collagen-interactive 
domain of vWF between, 1577-1583 


1985 


Glycocalicin portion of GPIb, fibrin monomer inducing binding of 
vWF to, 1589-1594 
Glycophorin A, glycosylation and expression of, during erythropoie~ 
sis, 1959-1961 
Glycophorin B (6 glycophorin) gene, deletion of, in individuals 
homozygous for S—-s—U blood group phenotype, 1830- 
1835 
Glycoproteins (GPs) 
inhibiting granulopoiesis associated with AIDS, 1267-1272 
See also entries beginning with terms: Platelet membrane glyco- 
protein and specific glycoproteins 
Glycosaminoglycans, isolation, characterization, and localization of, 
in BM, 501-510 
GM-CSF, see Granulocyte-macrophage colony-stimulating factor 
GPs, see Glycoproteins 
Grafts, see Transplantations 
Granular lymphocytes, normal and leukemic, large, TCR gene 
rearrangement and expression in, 1500-1508 
Granule(s) 
dense, of neutrophils, defensin in, 757-765 
deposition of autofluorescent eosinophil, in pathologic BM biop- 
sies, 597-599 
and MPO in microgranules of neutrophils, 1630-1638 
Granule protein, 53,000-molecular weight lysosome-like, exposed on 
surface of circulating activated platelets, 838-845 
Granulocyte(s) 
diploid myeloid leukemia cell line with granulocytic differentiat- 
ing capacity, 372-378 
neonatal, abnormal adherence of, 740-750 
normal, transcriptionally active c-fos in, 456-459 
Granulocyte colony-stimulating factor (G-CSF) 
recombinant, see Recombinant granulocyte colony-stimulating 
factor 
rTNF stimulating production of, 55-59 
sensitivity of, to TNF and LT, 1773-1776 
Granulocyte colony-stimulating factor (G-CSF) gene, localization 
of, on chromosome 17 proximal to t(15;17) breakpoint in 
APL, 330-332 
Granulocyte-macrophage colonies (CFU-GM) 
correlation between BM graft content of, and time to hematologic 
reconstitution following autologous BMT with 4-HC-purged 
BM, 271-275 
effects of dCyd on, 568-571 
from PB and BM, responses of, to PGE), 1792-1796 
Granulocyte-macrophage colony-stimulating factor (GM-CSF) 
effects of, on leukemic erythroid colony formation in erythroblas- 
tic leukemias, 965-973 
establishment of cell lines dependent on, in childhood AML, 
192-199 
recombinant, see Recombinant granulocyte-macrophage colony- 
stimulating factor 
sensitivity of, to TNF and LT, 1773-1776 
Granulopoiesis, glycoprotein inhibiting, associated with AIDS, 
1267-1272 
Growth factor(s) (GFs) å 
in childhood AML, requirements for, 192-199 
effects of lithium on, in LTMCs, 1136-1142 
inhibition of proliferation induced by, by ADP-ribosylation inhibi- 
tors, 686-693 
responsiveness of B-CLL cells to, 1105-1110 
See also specific growth factors 


Growth factors (GF) genes, chromosome 5 long arm deletion and, 
1709-1710 


1986 


Hageman factor (HF; factor XII), and coagulation-kinin pathway in 
plasma, 1-15 
Hairy cell(s) (HC), flow cytometry in detection of, using MoAbs, 
1063-1068 
Hairy cell leukemia (HCL), soluble IL-2R in serum of patients with, 
1530-1535 
Haploidentical bone marrow transplantation (BMT) for SCID, BM 
cells treated with CT-2 MoAb and C following, 664-669 
Hb (hemoglobin), genetic differences in influence of. on RBC 
oxidative stress hemolysis, 909-914 
Hb (hemoglobin) Setif, pseudosickling of, 237-242 
HbC (hemoglobin C) erythrocytes, permeability and concentration 
of calcium not impaired in, 804-808 
HbF, see Fetal hemoglobin 
HbH (hemoglobin H) disease 
associated with HbJ-Iran (877 His — Asp), 1790-1791 
globin gene initiation codon mutation in, 729-732 
HbS (hemoglobin 8) 
gelation of, and sickle cell disease, 1245-1266 
membrane-associated, 1443-1449 
See alsa entries beginning with term: Sickle 
HC (hydrocortisone), effects of, on hematopoietic progenitor cell 
growth, 1611-1618 
4-HC, see 4-Hydroxyperoxycyclophosphamide 
HC and HCL, see Hairy cell(s); Hairy cell leukemia 
HD, see Hodgkin’s disease 
HE (hereditary elliptocytosis), molecular determinants of clinical 
expression of, 766-772 
Heavy chain of factor Va, epitope mapping and evidence for 
interaction between factor Xa and, 139-146 
HEL cells, erythroid phenotype of, 1764-1772 
Hematologic malignancies 
mixed hematopoietic chimerism after BMT for, 1331-1337 
See also specific hematologic malignancies 
Hematologic reconstitution, correlation between BM graft content 
of CFU-GM and time to, following autologous BMT with 
4-HC-purged BM, 271-275 
Hematopoietic characteristics of adherent cells from LTMCs, 464- 
474 
Hematopoietic chimerism, see Mixed blood chimerism 
Hematopoietic cells 
normal and leukemic, interaction of rTNF-a and all-trans- 
retinoic acid with, 1940-1946 
TNF receptors on, 1730-1734 
Hematopoietic microenvironment, host origin of, following allo- 
genecic BMTs, 1966-1968 
Hematopoietic progenitors 
circulating, effects of rIFN-a@ and rlIFN-y on growth of, in 
patients with myelofibrosis and myeloid metaplasia, 1014- 
1019 
clonogenic, in BMT, 1425-1432 
effects of BSF-1/1L-4 on, 254-263 
LDA in analysis of effects of CSFs, phytchemagglutinin, and 
hydrocortisone on growth of, 1611-1618 
response of, to D-CSF, 1784-1789 
Hemoglobin, see entries beginning with acronym: Hb 
Hemolysis, RBC oxidative stress, genetic differences in influence of 
Hb on, 909-914 
Hemophilia A 
carrier detection and prenatal diagnosis of, with factor VIII 
cDNA, 531-535 
seroconversion, AIDS incidence, and immunologic correlates of 
HIV infection in, 786-790 
Hemophilia-associated AIDS (acquired immunedeficiency syn- 
drome) 
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Hemophilia-associated AIDS (Continued) 
geographic differences in incidence of, 1208-1213 
molecular analysis of Burkitt's leukemia in two brothers with. 
1713-1717 
Hemophilia B 
carrier detection of, 1006-1013 
immunologic aberrations, seroconversion rates, and seropositivity 
to HIV in, 276-281, 786-790 
Hemostatic system 
markers of, in pathophysiology of prethrombotic state, 343-350 
See also Platelets specific coagulation factors and entries begin- 
ning with element: Thromb- 
HEP G2 cells, effects of warfarin on synthesis and secretion of 
prothrombin in, 773-778 
Heparin, non-anticoagulant species of, inhibiting degradation of 
ECM heparan sulfate mediated by heparanase, 551-557 
Hepatoblastoma cells and cell lines, regulation of Epo production in, 
1904-1909 
Hereditary antithrombin HI (ATHD deficiency, genetics of, 1273- 
1278 
Hereditary elliptocytosis (HE), molecular determinants of clinical 
expression of, 766-772 
Hereditary persistence of fetal hemoglobin (HPFH ) 
deletions in, 1797-1803 
types | and 2, 3’ ends of deletions of 8 globin gene in black, 
593-596 
Hereditary pyropoikilocytosis, molecular determinants of clinical 
expression of, 766-772 
Hereditary thrombotic disorders, 345-347 
Herpes virus, effects of, on peripheral blood T lymphocytes, 516- 
523 
HES (hydroxyethyl starch), unfractionated cells cryopreserved in 
DMSO and, and used for ABMT, 974-979 
Heterologous cells, 6 globin gene from patients with homozygous 
6°-thalassemia functioning normally on transient expression 
in, 809-813 
High-dose chemotherapy, ABMT and, for resistant MM, 869-872 
High-dose intravenous gamma globulin (IV IgG), effects of, on 
responses to single-donor platelets in patients refractory to 
platelet transfusions, 1433-1436 
High-proliferative potential colony-forming cells (HPP-CFCs3, 
effects of rIL-3 on, 401-403 
Histology 
of NHL and ATL correlated with translocations, 1554-1564 
of NHL carrying 14:18 translocation associated with additional 
nonrandom chromosome changes, 444-447 
Histone H19, synthesis by ALL cells but not by normal lymphocytes, 
1203-1207 
HIV (human immunodeficiency virus) 
detection of antigen to, and specific antibodies to core and 
envelope proteins of, in serum of patients infected with, 
375-578 
plasma factor 1X separated from, by immunoaffinity chromatog- 
raphy with conformation-specific antibodies, 1312-1315 
immunologic aberrations, seroconversion rates, and seropositivity 
to, in hemophilia A and B, 276-281, 786-790 
ITP with impaired Fe receptor-specific clearance of reticuloendo- 
thelial system and, 392-395 
transmission and pathogenesis of feline, 1880-1892 
See also AIDS 
HLA antigens 
in leukemia, 227-232 
plasma and platelet, in normal individuals, measured by ELISA, 
282-286 
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HLA matching for platelet transfusions to refractory patients, 
23-30 
HL-60 cell(s) 
proliferation and expression of oncogene of, 1233-1244 
rTNF regulating c-myc expression in, 200-205 
HL-60 cell differentiation, 1234-1237 
induced by N,O and adenosine dialdehyde, 1161-1164 
HL-60 cell phenotype, BM matrix modulation of, 1119-1123 
HL-T cell line expressing terminal transferase and secreting sup- 
pressor activity, 1151-1160 
hMulti-CSF, see Interleukin 3 
H,O, (hydrogen peroxide), PMA-induced production of, in macro- 
phages increased by exposure to y-irradiation, 694-701 
Hodgkin’s disease (HD) 
antigen receptor gene rearrangement in, 96-105 
Ig gene rearrangement in tissues involved in, 186-191 
Homing receptors of lymphocytes, 1842-1850 
Homosexuality 
ITP with impaired reticuloendothelial system Fe receptor-specific 
clearance in, 392-395 
See also AIDS; HIV 
Homozygous 6°-thalassemia, ô globin gene from patients with, 
functioning normally on transient expression in heterologous 
cells, 809-813 
HPFH, see Hereditary persistence of fetal hemoglobin 
HPP-CFCs (high-proliferative potential colony-forming cells), 
effects of rIL-3 on, 401-403 
HTFI-788 MoAb inhibiting tissue factor, 490-493 
HTLV-I (human T cell leukemia virus type 1) 
adsorption of, to various target cells, 1303-1311 
colony assay for transformation of, 432-436 
IL-2 dependent on T cells from patient with T-CLL and not 
infected with, 1069-1071 
plasma factor IX separated from, by immunoaffinity chromatog- 
raphy with conformation-specific antibodies, 1312-1315 
HTLV-II (human T cell virus type l), colony assays for transforma- 
tion of, 432-436 
Human immunodeficiency virus, see HIV 
Human T cell leukemia viruses, see HTLV-1; HTLV-H 
Hydrocortisone (HC), effects of, on hematopoietic progenitor cell 
growth, 1611-1618 
Hydrogen peroxide (H,O,), PMA-induced production of, in macro- 
phages increased by exposure to y-irradiation, 694-701 
4-Hydroperoxycyclophosphamide (4-HC) 
correlation between CFU-GM content of BM graft and time to 
hematologic reconstitution following autologous BMT with 
marrow purged with, 271-275 
variability in activity during purging for ABMT, 1490-1494 
Hydroxyethy! starch (HES), unfractionated cells cryopreserved in 
DMSO and, and used for ABMT, 974-979 
Hydroxyurea, effects of, on HbF production, 1824-1829 
Hypermethylation of 5‘ region of CT gene in AML, 412-417 
Hyperplasia, BM, relationship between expression of T200 antigen 
and stages of B cell differentiation in resurgent, 1165-1172 
Hypofibrinogenemia, recurrent abortion associated with 7p—;129 
translocation and, 921-925 
Hypoploidy, and poor prognosis in childhood ALL, 247-253 


Idiopathic sideroblastic anemia, see Acquired idiopathic sideroblas- 
tic anemia 

IFN, see Interferon 

lg (immunoglobulin) gene, configuration of, an infant ALL, 536- 
541 


1987 


lg (immunoglobulin) gene rearrangement 
in analysis of ocular adnexal lymphoid neoplasms, 1519-1 529 
in tissues involved in HD, 186-191 
IgA (immunoglobulin A) monoclonal antibody (MoAb), recogniz- 
ing neoantigen on GPHa expressed on stored and activated 
platelets, 16-22 
IgG (immunoglobulin G; gamma globulin) 
antiidiotypic, in analysis of patient with CLL and LCL, 45-50 
deficiency in subclasses of, after ABMT, 779-785 
effects of high-dose IV, on responses to platelet transfusions in 
refractory patients, 1433-1436 
IgG (immunoglobulin G) lupus anticoagulants, specificity and 
mechanisms of action of, 69-76 
lgM (immunoglobulin M), membrane, and activation of leukemic B 
cells, 1193-1202 
IL, see specific interleukins 
Immune thrombocytopenic purpura (ITP) 
chronic, platelet-associated and plasma anui-GP autoantibodies 
in, 1040-1052 
with impaired reticuloendothelial system Fc receptor-specihic 
clearance in homosexuality, 392-395 
See also Thrombocytopenia 
Immunoaffinity chromatography with conformation-specific anti- 
bodies, plasma factor IX separated from HTLV-1 or HIV by, 
1312-1315 
Immunoglobulins, see entries beginning with acronym |g 
Immunohistochemistry of 183-kD myeloid-specific- DNA-binding 
protein in B5, fixed, paraffin-embedded tissues and BM 
aspirates by BM-1 MoAb, 1124-1136 
Immunologic aberrations, HIV seropositivity, seroconversion rales 
and, in hemophilia B, 276-281 
Immunology of NHL and ATL correlated with translocations, 
1554-1564 
Immunophenotyping 
of AML using MoAbs and alkaline phosphatase-antialkaline 
phosphatase technique, 83-90 
of new pre-B cell component in plasma cell myeloma, 932-942 
immunoreactive erythropoietin (Ep), serum, in childhood cyanotic 
and acvanotic CHD, 822-826 
Incidence 
of aplastic anemia, 1718-1721 
of hemophilia-associated AIDS, geographic differences in, 1208- 
1213 
Infant(s), full-term, development of coagulation system in, 165-172 
Infant acute lymphoblastic leukemia (ALL), configuration of lg and 
TCR genes in, 536-541 
Influenza virus, characterization of defective chemotaxis in PMNs 
exposed to, 351-355 
Inherited conditions, see entries beginning with terms: Congenital, 
Hereditary 
Initiation codon, mutation of, of aglobin gene in HbH disease, 
729-732 
Injured bone marrow (BM), CAP and, 1180-1185 
Injured red blood cells (RBCs), interaction with, 152-157 
in (Lu) Lu(a-b-) erythrocytes, characterization of membrane pro- 
tein defect of, 1475-1481 . 
'HHin-oxine platelets, survival of, in thrombocytopenia, 652-656 
Interferon-a (IFN-a) 
and receptor-mediated monocytoid differentiation of promyelo- 
cytic cells by INF, 994-1002 
recombinant, see Recombinant interferon-a 
Interferon-y. see Recombinant interferon-y 
interleukin | (IL-1) 
expression of myelomonocytic antigens on B-CLL cells correlated 
with ability to produce, 1750-1757 


1988 


Interleukin | (IL-1) (Continued) 
secretion of, by AML cells inducing endothelial cells to secrete 
CSFs, 1218-1221 
spontaneous production of IL-1 activity by B-CLL cells, 1851- 
1857 
Interleukin la (IL-ta), rTNF-a and -8 compared with, in regulation 
of neutrophil migration and superoxide production, 979-984 
Interleukin 2 (L-2) 
ATL cell expansion dependent on, 1407-1411 
dependent on T cells from patient with T-CLL and not infected 
with HTLV-I, 1069-1071 
lymphocyte, production and responsiveness of, in primary MDS, 
496-500 
NK cells activated by, in BMTs with soybean lectin-separated and 
E rosette-depleted BM, 1893-1903 
production of, and response to, by PB mononuclear cells after 
BMT. 1595-1603 
Interleukin 2 receptors (IL-2R) 
expressed on acute leukemic B cells, 954-959 
phorbol ester inducing, on cell surface of precursor thymocyte 
leukemia without TCR 8 and y gene rearrangement, 1291- 
1297 
serum, see Serum interleukin 2 receptors 
Interleukin 3 (IL-3) 
AML progenitor cells stimulated by, 333-336 
recombinant, see Recombinant interleukin 3 
Interleukin 4 (IL-4), effects of BSF-1 and, on hematopoietic progen- 
itors, 254-263 
Intracellular HbS (hemoglobin S) gelation, sickling as indicator of, 
1251-1253 
Intravenous gamma globulin (IV IgG), effects of high-dose, on 
responses to single-donor platelets in patients refractory to 
platelet transfusions, 1433-1436 
Iron 
defective vesicle membrane transport of, in anemia, 38-44 
homeostasis of, in 8-thalassemia, 1462-1465 
Irradiation 
laser-ultraviolet, for virus inactivation in blood products, 589-59] 
leukemia induced by, 905-908 
and photoradiation therapy of BM for ABMTs, 484-489 
total body, allogeneic BMT without, 1382-1388 
y-Irradiation 
in BM preparation for BMTs and its effects on recovery of contact 
hypersensitivity, 1910-1920 
exposure to, increasing PMA-induced H,O, production in macro- 
phages, 694-701 
ITP, see Immune thrombocytopenic purpura 
IV IgG (intravenous gamma globulin), effects of, on responses to 
single-donor platelets in patients refractory to platelet trans- 
fusions, 1433-1436 


Juvenile chronic myelogenous leukemia (JCML) cells in peripheral 
blood during remission, 1466-1469 


K, see Potassium 
Ki-B3 MoAb, formalin-resistant antigen detected by, on normal and 
neoplastic B cells, 629-636 
Kinase, tyrosine, in promyelocytic leukemia cells and PMNs, 356- 
362 
Kinetics 
and chemokinetics of locomotion by maturing promyelocytic 
leukemia cells, actin polymerization and, 363-367 
of HbS gelation, 1248-1251 
of new pre-B cell component of plasma cell myeloma, 932-942 
and proliferative capacity of PMNs, age and, 1836-1841 
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Kinin, coagulation-kinin pathway of plasma, 1-15 
Ku-812 cell, bipotential cell differentiation of, 612-619 


Lactoferrin (Lf), binding of, by leukemic cell lines, 264-270 
Lactoferrin (Lf) cDNA, isolation of, from myeloid libra ry and 
expression of mRNA during normal and leukemic myeio- 
poiesis, 989-993 
Large cell lymphoma (LCL: Richters syndrome), antidiotype 
antibody in analysis of patient with CLL and, 45-50 
Large granular lymphocytes (LGL), normal and leukemic, TCR 
gene rearrangements and expression in, 1500-1508 
Laser-ultraviolet (UV) irradiation for virus inactivation in blood 
products, 589-591 
L-BCGF (low molecular weight B cell growth factor), proiferatien 
of ALL B cell precursors induced by, 132-138 
LCL (large cell lymphoma; Richter’s syndrome) antiidiotype anti- 
body in analysis of patient with CLL and, 45-50 
LCTAb (ymphocytotoxic antibody), measurement of, and response 
to nonmatched platelet transfusions by alloimmunized 
patients, 1727-1729 
LDA, see Limiting-dilution analysis 
Leukemia(s) 
HLA antigens in, 227-232 
radiogenic, 905-908 
See also specific types of leukemias 
Leukemia virus, see HTLV- HTLV-H 
Leukemic cells and cell lines 
52-KD and 30-kD glucocorticoid receptor fragments produced by 
neutrophil elastase in cytosol of, 860-868 
Lf binding by, 264-270 
See also specific types of leukemic cells and cell lines 
Leukemic myelopoiesis, expression of Lf mRNA during, 989-993 
Leukocytes 
defective synthesis of PAF by, in Zellweger patients related ta 
age, 460-463 
transfusions of platelet concentrates poor in, prepared by filtration 
with prostacyclin, 243-247 
See also specific leukocytes 
Leukocytosis induced by rGM-CSF, 206-213 
Lf, see Lactoferrin 
LGL (large granular lymphocytes), normal and leukemic, TCR 
gene rearrangements and expression in, 1500-1508 
Limiting-dilution analysis (LDA) 
in determination of leukemic cell frequencies after BM decontam- 
ination with merocyanine 540 or mafosfamide for ABMTs, 
1543-1549 
of effects of CSFs, phytohemagglutinin, and hydrocortisone on 
hematopoietic progenitor cell growth, 1611-1618 
Lipoproteins, plasma, factor Vila-tissue factor complex inhibited 
by, 1947-1954 
Lithium, effects of, on growth factor production in LTMCs, 1136- 
1142 
Liver, as site of synthesis of factor XIH a-chain, 579-582 
Liver transplantations, production of Epo in adult recipients of fetal 
liver, 542-545 
LNH-80 protocol for aggressive lymphomas, 1394-1399 
Locomotion, and chemokinetics of maturing promyelocytic leuke- 
mia cells, actin polymerization and, 363-367 
Long-term marrow cultures (LTMCs) 
adherent cells from, transformed by SV40, 464-474 
effects of lithium on growth factor production in, 1136-1142. 
Low molecular weight B cell growth factor (L-BCGF), proliferation 
of ALL B cell precursors induced by, 132-138 
Low-proliferative potential colony-forming cells (LPP-CFCs), 
effects of rIL-3 on, 401-403 
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LT (lymphotoxin), see Recombinant tumor necrosis factor-8 
LTMC’s see Long-term marrow cultures 
Lung carcinoma, advanced non-small-cell, following cisplatin-etopo- 
side regimen, 1412-1417 
Lupus anticoagulants, IgG, specificity and mechanisms of action of, 
69-76 
Lymphoblastic (and lymphocytic) leukemia, see Acute lymphoblas- 
tic (and lymphocytic) leukemia; Chronic lymphoblastic (and 
lymphocytic) leukemia 
Lymphocytes 
homing receptors on, 1842-1850 
See also B cell(s); Large granular lymphocytes; T cell(s) 
Lymphocyte interleukin 2 (IL-2), production and responsiveness of, 
in primary MDS, 494-500 
Lymphocytotoxic antibody (LCTAb), measurement of, and 
response to nonmatched platelet transfusions by ailoimmu- 
nized patients, 1727-1729 
Lymphoid neoplasms, ocular adnexal, Ig and TCR 8 chain gene 
rearrangement in analysis of, 1519-1529 
Lymphoid progenitors, B, expression and response of BCGF receptor 
of, 1020-1034 
Lymphokine, activation of oxidative metabolism of U937 cell line 
mediated by, and enhanced by !,25(OH),D;, 1639-1644 
Lymphomas 
aggressive, chemotherapy in, 1394-1399 
diffuse, chromosome 18q21 gene rearrangement in, 90-95 
follicular , see Follicular lymphoma 
large cell, antiidiotype antibody in analysis of patient with CLL 
and, 45-50 
non-Hodgkin's, see Non-Hodgkin's lymphoma refinement of cyto- 
genetics of, by major breakpoint region of chromosome 
18q21, 1816-1823 
Lymphoma cells and cell lines, FL-18, obtained from patient with 
follicular lymphoma, 1619-1623 
Lymphotoxin (LT), see Recombinant tumor necrosis factor-ğ 
Lysis, augmentation of neutrophil-mediated RBC, by cells derived 
from monocytes, 1743-1749 
Lysosome-like granule protein, 53,000-molecular weight, exposed on 
surface of circulating activating platelets, 838-845 


MAbs, see Monoclonal antibody(es) 
MAC-1 glycoprotein, impaired induction of, by chemotactic factors 


or secretagogues and abnormal stimulated adherence of 


NGs, 740-750 
Macrophage(s) 
PMA-induced production of H,O, in, increased by exposure to 
y-irradiation, 694-70! 
secretion of CSF for, by monocytes induced bty TNF-a, 1700- 
1703 
See also entries beginning with terms: Granulocyte-macrophage 
Macrophage-like cells, differentiation between basophils and, by 
KU-812 MoAb, 612-619 
Mafosfamide, LDA in determination of leukemic cell frequencies 
after BM decontamination with, for ABMTs, 1543-1549 
Magnesium (Mg) modulating inhibition of volume-stimulated CI- 
dependent K* efflux in sickle cells, 1861-1866 
MAIPA (monoclonal antibody-specific immobilization of platelet 
antigen), 1722-1726 
Malonate, effects of, on RBC metabolism 1389-1393 
Markers 
differentiation, of myelomonocytic lineage, oncoplacental protein 
SP, as, 1279-1283 
of hemostatic system in pathophysiology of prethrombotic state, 
343-350 


1989 


Marrow, see Bone marrow 
Mastocytosis, cytogenetics of, 1928-1923 
Matched platelet transfusions, see Platelet transfusions 
MC-540 (merocyanine 540), LDA in determination of leukemic cell 
frequencies after BM decontamination with, for ABMTs, 
1543-1549 
MDS, see Myelodysplastic syndrome 
Mechanically injured red blood cells (RBCs), endothelial cell inter- 
action with, 132-137 
MEG-01 (megakaryoblastic cell line), biosynthesis and secretion of 
protein S by, 300-306 
Megakaryoblastic leukemia, acute, with Down's syndrome, ¢-sis 
gene expression in cells of patient with, 368-371 
Megakaryocytes 
analysis of maturation of, 1509-1518 
effects of degree of thrombocytopenia on ploidy of, 177-185 
purification of, by FACS, 1735-1742 
Megakaryocytic progenitors, BM-derived, effects of rIFN-a and 
rlFN-y on, 1175-1179 
Membrane-associated sickle Hb (hemoglobin), 1443- 1449 
Membrane skeleton (MS), abnormal RBC, in severe A-thalassemia, 
158-164 
Merocyanine 540 (MC-540), LDA in determination of leukemic cell 
frequencies after BM decontamination with, for ABMT's, 
1543-1549 
Messenger RNA, see mRNA 
Metabolism 
oxidative, of U937 cell line activated by lymphokine and enhanced 
by 1,25 (OH),D,, 1639-1644 
RBC, effects of malonate and oxalate on, 1389-1393 
Mg (magnesium) modulating inhibition of volume-stimulated CI- 
dependent K* efflux in sickle cells, 1861-1866 
Microenvirenmental factors 
and age-related decline in neutrophil function, 1131-1135 
host origin of hematopoietic, following allogeneic BMT, 1966- 
1968 
Microgranules, neutrophil, MPO in 1630-1638 
Minimal residual disease (MRD) in AML, leukemic cell distribu- 
tion during, 1073-1078 
Minimally differentiated acute nonlymphoblastic leukemia 
(ANLL), 1400-1406 
Mixed blood chimerism 
after BMT for hematologic malignancies, 1331-1337 
in T-cell depleted BMT recipients evaluated with DNA polymor- 
phisms, 1692-1695 
MM, see Multiple myeloma 
MM4 MoAb, plasma cell-reactive, elimination of MM stem cells by, 
1482-1489 
MoAbs, see Monoclonal antibody(ies) 
Molecular analysis 
of Burkitt’s leukemia in two hemophilic brothers with AIDS, 
1713-1717 
of clinical expression of HE and HPP, 766-772 
of defects in complex inherited thrombotic disorders, 347 
of fibrinolytic system defects in prethrombotic state, 347-348 
of hereditary ATIH deficiency, 1273-1278 
of p210% in CML, 233-236 
of relapse in CML after allogeneic BMT, 873-876 
Molecular species compositions of phosphatidyicholine, effects of, on 
cellular properties in normal and sickle RBCs, 1111-1118 
Monoclonal antibody(ies) (MoAbs; MAbs) 
against activated circulating platelets, 838-845 
anti-plasma prekallikrein, inhibiting prekallikrein activation by 
factor XIa, 1053-1062 
against cCCLLa in CLL, 437-443 


* 
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Monoclonal antibedy(ies) (MoAbs: MAbs) (Continued) 
effects of, against VWF and GPIIb/IIIa on platelet retention test, 
546-550 
epitope mapping of functional domains of factor Va with, 139- 
146 
flow cytometry in detection of hairy cells using, 1063-1068 
IgA, recognizing neoantigen on GPHla, 16-22 
immunophenotyping of AML using, and alkaline phosphatase- 
antialkaline phosphatase technique, 83-90 
See also specific monoclonal antibodies 
Monoclonal antibody-specific immobilization of platelet antigen 
(MAIPA), 1722-1726 
Monoclonal reconstitution of erythropoiesis in anemia, SFU in, 
1758-1763 
Monocytes 
augmentation of neutrophil-mediated RBC lysis by cells derived 
from, 1743-1749 
diploid myeloid leukemia cell line with monocytic differentiating 
capacity, 372-378 
norma! PB, as sites of synthesis of factor XH a-chain, $79-582 
secretion of CSF for macrophages by, induced by TNF-a, 1700- 
1703 
sialophorin expressed on, in Wiskott-Aldrich syndrome, 104-109 
Monocytic phenotype, acute leukemias with, c-fos expression in, 
1450-1457 
Monocytoid differentiation, receptor-mediated, of promyelocytic 
cells by TNF, 994-1002 
Monomer 
fibrin, inducing binding of vWF to glycocalicin portion of GPIb, 
1589-1594 
vWF, vWE function and, 605-606 
Mononuclear cells, PB, response of, to IL-2 after BMT, 1595-1603 
Morphology of MPO-containing neutrophil microgranules, 1630- 
1638 
MPO, see Myeloperoxidase 
MRD (minimal residual disease} in AML, leukemic cell distribution 
during, 1073-1078 
mRNA (messenger ribonucleic acid) 
expression of Lf, during normal and leukemic myelopoiesis, 
989-993 
expression of TRGy, in T-ALL, 637-646 
renal erythropoietin, physiologic regulation and tissue localization 
of, 316-323 
B8°-39 mRNA (messenger RNA) in §-thalassemia, equal stabilities 
of normal 8 globin and nontranslatable, 293-301 
MS (membrane skeleton), abnormal RBC, in severe 8-thalassemia, 
158-164 
Multilineage colonies, riL-3 and rGM-CSF compared in supporting, 
1343-1348 
Multilineage colony-stimulating factor, see Interleukin 3 
Multiple myeloma (MM) 
ABMT and high-dose chemotherapy for resistant, 869-872 
peripheral blood B cell involvement in, 1550-1553 
Multiple myeloma (MM) cells, elimination of stem cells from, by 
plasma cell-reactive MM4 MoAb and C, 1482-1489 
Multipgtent stem cell(s), involvement of, in PASA, 1367-1372 
Multipotent stem cell disease in childhood Ph-positive ALL, 1450- 
146} 
Mutations 
in IVS-I sequence of B globin gene causing 8-thalassemia, 147- 
1S] 
globin gene initiation codon, in HbH disease, 729-732 
promoter, @ globin gene on Chinese 68-thalassemia chromosome 
carrying, 1470-1474 
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Myeloblastic leukemia, see Acute myeloblastic (and myelocytic) 
leukemia; Chronic myeloblastic (and myelocytic) leukemia 
Myelodysplastic syndrome (MDS) 
chromosome 5 long arm deletion and, 1707-1708 
establishment and characterization of myeloid cell lines from 
Ph-negative CML in patient with, 1670-1677 
neutrophil abnormalities in. repaired with rG-CSF, 404-41 1 
primary, lymphocyte IL-2 production and responsiveness in, 496- 
500 
radiogenic, 906-907 
Myelofibrosis, effects of rIFN-y and rlFN-a@ on growth of circulat- 
ing hematopoietic progenitors in patients with, and myeloid 
metaplasia, 1014-1019 
Myeloid differentiation antigens, loss of, preceding blastic transfor- 
mation in CML, 122-13] 
Myeloid disorders 
chromosome 7 long arm deletions in, 1349-1353 
See also specific myeloid disorders 
Myeloid leukemic cells and cell lines 
diploid, with granulocytic and monocytic differentiation capacity, 
372-378 
establishment and characterization of, from Ph-negative CML in 
patients with MDS, 1670-1677 
regulation of Tf receptors on, 852-859 
Myeloid library, isolation of Lf cDNA from, 989-993 
Myeloid progenitors 
leukemic, effects of dCyd on, 568-571 
survival of, in diffusion chamber cultures, 1418-1424 
M yeloid-specific- DNA-binding protein, immunohistochemistry of 
183-kD, in BS, fixed, paraffin-embedded tissues and BM 
aspirates by BM-1 MoAb, 1124-1130 
Myeloid stem cells, see Stem cells 
Myeloma 
multiple, see Multiple myeloma 
plasma cell, new pre-B cell component of, 932-942 
Myelomonocytic antigens, expression of, on B-CLL cells correlated 
with their IL-1 production ability, 1750-1757 
Myelomonocytic cell lines, oncoplacental protein SP, as diferentia- 
tion marker of, 1279-1283 . 
Myeloperoxidase (MPO) 
clinical significance of low levels of positivity of, in childhood 
ANLL, 51-54 
in neutrophil microgranules, 1630-1638 
posttranslation processing of, 1143-1150 
Myelopoiesis, expression of Lf cDNA during normal and leukemic, 
989-993 


Natural killer (NK) cells 
activated by IL-2, in BMTs with soybean lectin-separated and E 
rosette-depleted BM, 1893-1903 
normal and leukemic, TCR gene rearrangement and expression 
in, 1500-1508 
Neoantigen, IgA MoAb recognizing, on GPIla expressed an stored 
and activated platelets, 16-22 
Neonatal granulocytes (NGs), abnormal adherence of, 740-750 
Neoplastic cells 
B, Ki-B3 detecting formalin-resistant antigen on, 629-634 
See also Leukemic cells and cell lines and specific types of 
neoplastic cells 
Neutrophil(s) (PMNs) 
age and function of, 1131-1135, 1836-184] 
abnormalities of, in MDS and CML repaired with rG-CSF, 
404-41] 
actin filament of, stimulated and primed by PAF, 1921-1927 
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Neutrophil(s) (PMNs) (Continued) 
and augmentation of neutrophil-mediated RBC lysis by cells 
derived from monocytes, 1743-1749 
CALLA/CD10 negative, chemotactic response of, to activated C, 
1624-1629 
defensin in dense granules of, 757-765 
exposed to influenza virus, chemotactic defect in, 351-355 
migration of, rTNF-a and -8 compared with rIFN-y and IL-lain 
regulation of, 979-984 
MPO in microgranules of, 1630-1638 
PB, activated by rGM-CSF, 206-213 
sialophorin expressed on, in Wiskott-Aldrich syndrome, 104-109 
tyrosine kinase and phosphotyrosine phoshatase activity in, 356- 
362 
Neutrophil elastase, 52-kD and 30-kD glucocorticoid receptor frag- 
ments produced by, in cytosol of leukemic cells, 860-869 
Neutrophil protease, regulation of factor V by, 846-851 
Neutrophil surface protein, phagocytosis and changes in, 60-68 
NGs (neonatal granulocytes), abnormal adherence of, 740-750 
NHL, see Non-Hodgkin's lymphoma 
Nitrous oxide (N,O), and adenosine dialdehyde inducing HL-60 
differentiation, 1161-1164 
NK cells, see Natural killer cells 
Non-anticoagulant heparin inhibiting degradation of ECM haparan 
sulfate mediated by heparanase, 551-557 
Non-Hodgkin’s lymphoma (NHL) 
B and T cell clones in, 287-292 
childhood, serum IL-2R levels related to advanced, and its poor 
outcome, 624-628 
carrying 14;18 translocation and associated with additional non- 
random chromosome changes, 444-447 
immunology and histology of, correlated with translocations, 
1554-1564 
Nonlymphoblastic leukemia, see Acute nonlymphoblastic (and non- 
lymphocytic) leukemia 
Nonmatched platelet transfusions, see Platelet transfusions 
Non-small-cell carcinoma of the lung (NSCLC), advanced, ANLL 
following cisplatin-etoposide regimen for, 1412-1417 
Normal B cells 
flow cytometry of BM showing development of, 1316-1324 
Ki-B3 detecting formalin-resistant antigen on, 629-636 
Normal cells, CD1 intermolecular complexes on, 676-685 
Normal cellular counterparts of B-CLL, 418-427 
Normal globin, equal stabilities of 8°-39 mRNA in §-thalassemia, 
293-301 
Normal granulocytes, transcriptionally active c-fos in, 456-459 
Normal hematopoietic cells, interaction of rTNF-a and all-trans- 
retinoic acid with leukemic and, 1940-1946 
Normal individuals 
plasma and platelet HLA in, measured by ELISA, 282-286 
proteolytic degradation of vWF in, after DDAVP administration, 
173-176 
Normal lymphocytes 
histone H1° not synthesized by, 1203-1207 
large granular, TCR gene rearrangements and expression in, 
1500-1508 
See also Normal B cells 
Normal CALLA-positive B cell precursors, phenotypic similarities 
and differences between CALLA-positive ALL cells and, 
814-821 


Normal myelopoiesis, expression of Lf mRNA during, 989-993 


Normal natural killer (NK) cells, T cell receptor gene rearrange- 
ments and expression in, 1500-1508 
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Normal peripheral blood (PB) monocytes, as sites of synthesis of 
factor XII a-chain, 579-582 
Normal platelet aggregation, prolonged BT and tests of, as indica- 
tion of SPD, 620-623 
Normal progenitor cells, dCyd protecting, from Ara-C cytotoxicity, 
560-571 
Normal red blood cells (RBCs) 
effects of molecular species composition of PC on cellular proper- 
ties of, 1111-1118 
endothelial cell interaction with, 152-157 
NSCLC (non-small-cell carcinoma of the lung), advanced, ANLL 
following cisplatin-etoposide regimen for, 1412-1417 
N-terminal portion of vWF, localization of factor VIII binding 
domain on 34-kD fragment of, 1679-1682 
Nucleotide sequence, cloning and, of RBC §-spectrin cDNA, 915- 
920 


Ocular adnexal lymphoid neoplasms, Ig and TCR 8 chain gene 
rearrangement in analysis of 1519-1529 
Oncogene(s) 
c-myc, rT NF regulating expression of, in HL-60 cells, 200-205 
ETS-1, identification of RFLP involving, on chromosome 11923, 
327-329 
HL-60, structure and expression of, 1237-1239 
See also Protooncogene 
Oncoplacental protein SP,, as differentiation marker of myelomono- 
cytic lineage, 1279-1283 
183-kD-myeloid-specific-DNA-binding protein, immunohistochem- 
istry of, in B5, fixed, paraffin-embedded tissues and BM 
aspirates by BM-1 MoAb, 1124-1130 
Oral anticoagulants, prothrombin activation suppressed by, 348- 
349 
Outcome, see Prognosis 
Oxalate, effects of, on RBC metabolism, 1389-1393 
Oxidative metabolism of U937 cell line activated by lymphokine and 
enhanced by 1,25(OH),D,, 1639-1644 
Oxidative stress hemolysis, RBC, genetic differences in influence of 
Hb on, 909-914 
Oxygen delivery, HbS gelation and, 1255-1257 


PA, see Plasminogen activator 

PAF, see Platelet activating factor 

PAI-1, see Plasminogen activator inhibitor, type | 

PB, see Peripheral blood 

PC (phosphatidylcholine), effects of molecular species composition 
of, on cellular properties in normal and sickle RBCs, 1111- 
1118 

p80 glycoprotein (GP), RBC, characterization of, and membrane 
protein defect of In(lu) Lu(a-b) RBC, 1475-1481 

Peripheral blood (PB), juvenile chronic myelogenous leukemia cells 
in, during remission, 1466-1469 

Peripheral blood (PB) B lymphocytes, evidence of involvement of, in 
MM, 1550-1553 

Peripheral blood (PB) granulocyte-macrophage colonies ¢CFU- 
GM), response of, to PGE), 1792-1796 

Peripheral blood (PB) monocytes, normal, as sites of synthesis of 
factor XIII a-chain 379-382 

Peripheral blood (PB) mononuclear cells, response of, to IL-2 after 
BMT, 1595-1603 

Peripheral blood (PB) neutrophils activated by rGM-CSF, 206-213 

Peripheral blood (PB) T cells _ 

effects of herpes virus, cytomegalovirus and EBV on, 516-523 
in MM, 1550-1553 
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P. falciparum {Plasmodium falciparum), cytoplasmic factor 
required for entry of, into RBCs, 77-82 
PGE, (prostaglandin E,), PB and BM CFU-GM response to, 
1792-1796 
Ph chromosome, see entries beginning with term: Philadelphia 
PHA (phytohemagglutinin), effects of, on hematopoietic progenitor 
cell growth, 1611-1618 
Phagocytosis, and changes in neutrophil surface protein, 60-68 
Phenotype 
analysis of, in ALL, at first presentation and at relapse, 1073- 
1078 
basophil, 1872-1879 
CD1 molecule, 676-685 
differences and similarities in, of CALLA-positive ALL cells and 
normal marrow CALLA-positive B cell precursors, 814-82! 
erythroid, of HEL cells, 1764-1772 
HL-60, BM matrix modulation of, 1119-1123 
monocytic, c-fos expression in acute leukemias with, 1450-1457 
S--s--U blood group, ô glycophorin gene deletion in individuals 
homozygous for, 1830-1835 
a-thalassemia, Showa- Yakushiji (gf 10 Leu-Pro) globin causing, 
1688-1691 
See also lmmunophenotyping 
Philadelphia (Ph)-negative chronic myeloblastic leukemia (CML), 
establishment and characterization of myeloid cell lines 
from, in patient with MDS, 1670-1677 
Philadelphia (Ph)-positive acute lymphoblastic leukemia (ALL) 
BMTs for, 587-588 
childhood, see Childhood Philadelpma-positive acute lymphoblas- 
tic leukemia 
Philadelphia (Ph)-positive acute myelogenous leukemia (AML) 
c-abl expression in, 1584-1588 
with chromosome 22 breakpoint outside ber, 1659-1664 
Phorbol esters 
inducing [L-2R on cell surface of precursor thymocyte leukemia 
without T cell receptor 8 and y gene rearrangement, 1291- 
1296 
platelets sensitized to activation by physiological agonists of, 
1373-1381 
See also specific phorbol esters 
Phorbol myristate acetate (PMA) 
exposure to y-irradiation increasing H,O, production in macro- 
phages induced by, 694-70! 
proliferation of B-PLL cells induced by, 670-675 
Phosphatase 
and alkaline phosphatase-antialkaline phosphatase technique in 
phenotyping of AML, 83-90 
phosphotyrosine, activity of, in promyelocytic leukemia cells and 
PMNs, 356-362 
Phosphatidylcholine (PC), effects of molecular species composition 
of, on cellular properties in normal and sickle RBCs, 1111- 
1118 
Phosphorylation 
of 48-kD respiratory burst-associated protein enhanced by 
e 1,25(0H),D,, 1639-1644 
platelet protein, changes in, due to ADP, 511-515 
Phosphotyrosine phosphatase, activity of, in promyelocytic leukemia 
cells and PMNs, 356-362 
Phororadiation therapy (PRT) for clinical ex vivo treatment of BM 
for ABMTs, 484-489 
Physiologic agonists of phorbol esters, platelets sensitized to activa- 
tion by, 1373-1381 
Physiologic regulation of renal Epo mRNA, 316-323 
Phytohemagglutinin (PHA), effects of, on hematopoietic progenitor 
cel] growth, 1611-1618 
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Plasma 
coagulation-kinin pathway of, 1-15 
vWF on platelet surface stimulated by ADP in, 1362-1366 
Plasma anti-glycoprotein (GP) autoantibodies in chronic ITP, 1040- 
1052 
Plasma cell nryeloma, new pre-B cell component of 932-942 
Plasma cell-reactive MM4 MoAb, elimination of MM stem cells by 
C and, 1482-1489 
Plasma factor IX, HTLV-1 or HIV separated from, by immunoaf- 
finity chromatography with conformation-specific antibod- 
ies, 1312-1315 
Plasma HLA in normal individuals measured by ELISA, 282-286 
Plasma lipoproteins, factor VIla-tissue factor complex inhibited by, 
1947-1954 
Plasminogen activator (PA) 
DS-inducec release of, 1858-1866 
tissue-type, fibrinolytic response to, 564-567 
Plasminogen activator inhibitor, type | (PAI-1)} 
conversion of active to latent, from endcthelial cells, 1090-1098 
ECM of aortic endothelial cells containing, 721-728 
radioimmunoassay of concentration of plasma, duriag venous 
occlusion and platelet aggregation, 1645-1653 
Plasmodium falciparum (P. falciparum), cytoplasmic factor 
required for entry of, into RBCs, 77-82 
Platelet(s) 
activated, see Activated platelets 
ADP and, see ADP, platelets and dense tubular system of, 
[ H]arachidonic acid uptake in, 832-837 
effects of degree of thrombocytopenia on volume of, 177-185 
Fg and, see Fibrinogen, platelets and; Fibrinogen-platelet bind- 
ing 
FN required for adhesion of, on subendothelium anc collagen 
surfaces, 1437-1442 
formation of TXA, on contact with, in calcium medium, 647-651 
FSBA as weak agonist of, 751-756 
'H Fn-oxine, survival of, in childhood thrombocytopenia, 652-656 
sialophorin expressed on, in Wiskoft-Aldrich syndrome, 104-109 
VWF and, see Von Willebrand factor, platelets and 
Platelet activating factor (PAF) 
defective synthesis of, in Zellweger patients related to age, 
460-463 
PMN actin filament assembly stimulated and primed by, 1921- 
1927 
Platelet aggregation 
ADP and, see ADP, platelets and 
Fg and, see Fibrinogen, platelet aggregation and 
prolonged bleeding time and normal tests of, as indication of SPD, 
620-623 
radioimmunoassay of plasma concentration of PAI-1 after, 1645- 
1653 
shear stress activation of GPHb/lHla plus vWF causing, 1354- 
1361 
surface expression of GPIIb/IIIa related to, 475-483 
Platelet antigen, monoclonal antibody-specific immobilization, 
1722-1726 
Platelet-assoctated autoantibodies in chronic ITP, 1040-1052 
Platelet HLA in norma] individuals measured by ELISA, 282-286 


Platelet membrane glycoprotein Ib (GPIb} 
botrocetin-induced vWF binding to, 985-988 
fibrin monomer inducing binding of vWF to glycocalicin portion 
of, 1589-1594 
pseudo-BSS due to autoantibody to, 428-43] 
thrombin-induced changes in, 1678-1683 
vWF interaction with, 607 
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Platelet membrane glycoprotein Ila (GPHa), IgA MoAb recogniz- 
ing neoantigen on, expressed on stored and activated plate- 
lets, 16-22 
Platelet membrane glycoprotein Hb/ Hla (GPIIb/IIIa) 
effects of MoAbs against, on platelet retention test, 546-550 
shear stress activation of, plus vWF causing platelet aggregation, 
1354-136] 
surface expression of, induced by platelet activation, 475-483 
thrombin-induced changes in, 1673-1678 
vWF interaction with, 607 
Platelet membrane glycoprotein IX (GPIX), thrombin-induced 
changes in, 1673-1678 
Platelet proteins, changes in phosphorylation of, due to ADP, 
511-515 
Platelet retention test, effects of MoAbs against vWF and GPIIb/ 
Ifa on, 546-550 
Platelet surface, vWF on, stimulated in plasma by ADP, 1362-1366 
Platelet transfusions 
assay for anti- HLA antibodies and selection of, 1495-1499 
effects of high-dose IV IgG on responses to single-donor platelets 
in-patients refractory to, 1433-1436 
leukocyte-poor, prepared by filtration with prostacyclin, 243-247 
measurement of LCTAb, and response to, by alloimmunized 
patients, 1727-1729 
to refractory patients, crossmatching, ABO, and HLA matching 
for, 23-30 
Platelet-type von Willebrand’s disease (vWF), interactions of Asialo 
vWF with platelets in, 1804-1809 
PLB-985 (myeloid leukemia cell line) with granulocytic and mono- 
cytic differentiating capacity, 372-378 
PLL, see Prolymphocytic leukemia 
Ploidy 
prognosis and hypoploidy in childhood ALL, 247-253 
megakaryocyte, effects of degree of thrombocytopenia on, 177- 
185 
PMA, see Phorbol myristate acetate 
PMNs, see Polymorphonuclear leukocytes 
Polymer, fibrin 1, regulation of thrombin action on, in prethrombotic 
state, 347 
Polymerization of actin, and its relationship to locomotion and 
chemokinetic response in maturing promyelocytic leukemia 
cells, 363-367 
Polymorphisms, DNA, see Restriction fragment length polymor- 
phisms 
Polymorphonuclear luekocytes (PMNs) 
effect of flow cytometry on endothelial cell adhesion to, 1284- 
1290 
See also Basophils; Granulocyte(s); Neutrophil(s) 
Polysaccharide antibody, deficiency in antibacterial, after allogeneic 
BMT, 779-785 
Posttranslational processing of MPO, 1143-1150 
Potassium {K} 
and deoxygenation inhibiting volume-stimulated Cl” -dependent 
K* efflux, 1861-1866 
transport of, inhibited by divalent cations in sickle RBCs, 1810- 
1815 
Pre-B cell component, plasma cell myeloma, 932-942 
Precommitted erythroid cells, enriched in Friend erythroleukemia 
cell cultures, 1565-1571 
Precursor thymocyte leukemia, phorbol ester inducing IL-2R on cell 
surface of, without T cell receptor 8 and y gene rearrange- 
ment, 1291-1296 
Prekallikrein MoAb, anti-plasma, inhibiting prekallikrein activation 
by factor XIla, 1053-1062 
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Prenatal conditions and interventions, see entries beginning with 
term: Fetal 
Prethrombotic state, markers of hemostatic system activation in 
pathophysiology of, 343-350 
Primary acquired sideroblastic anemia, see Acquired idiopathic 
sideroblastic anemia 
Primary myelodysplastic syndrome (MDS), lymphocyte IL-2 pro- 
duction and responsiveness in, 496-500 
Progenitor cells, see specific progenitor and precursor cells 
Prognosis 
of aggressive lymphomas treated with LNH-80 protocol, 1394- 
1399 
and ALG therapy of aplastic anemia, disease severity and, 
1046-1052 
of childhood ALL, hypoploidy and, 247-2523 
childhood NHL, serum levels of IL-2R and, 624-628 
Prolymphocytic leukemia (PLL), T-cell, cytogenetics of, 926-931 
Prolymphocytic leukemia (PLL) cells, B, proliferation of, induced 
by PMA and native or rl FN-y, 670-675 
Promoter mutation, 8 globin gene on Chinese 66-thalassernia chro- 
mosome carrying, 1470-1474 
Promyelocytic leukemia, acute, localization of G-CSF gene on 
chromosome 17 proximal to t(15;17) breakpoint in, 330-332 
Promyelocytic leukemia cells 
actin polymerization and its relationship to locomotion and che- 
mokinetic response in maturing, 363-367 
receptor-mediated monocytoid differentiation of, by TNF, 994- 
1002 
tyrosine kinase and phosphotyrosine phosphatase activity in, 
356-362 
See also specific types of leukemia cells 
Prostacyclin, leukocyte-poor platelet transfusions prepared by filtra- 
tion with, 243-247 
Prostaglandin E, (PGE,), PB and BM CFU-GM > response to, 
1792-1796 
Protease 
activity of cysteine, in serum of patients with TTP dependent on 
calcium, 1584-1588 
plasma, coagulation-kinin pathway interactions with, 6-7 
neutrophil, regulation of factor V by, 846-85] 
Protein(s) 
cleavage of, during contact activation of coagulation-kinin path- 
way, 4-5 
core and envelope HIV, antibodies to, 575-578 
§3,000-molecular weight lysosome-like granule, exposed on sur- 
face of circulating activated platelets, 838-845 
48-kD respiratory burst-associated, phosphorylation of, enhanced 
by 1,25(OH),D,, 1639-1644 
183-kD-myeloid-specific-DNA-binding, immunohistochemistry 
of, in BS, paraffin-embedded tissues and BM aspirates by 
BM-1 MoAb, 1124-1130 
platelet, changes in phosphorylation of, due to ADP, 511-515 
Protein S, biosynthesis and secretion of, by megakaryoblastic cell 
line, 301-306 . 
Protein SP,, oncoplacental, as differentiation marker of myelomono- 
cytic lineage, 1279-1283 
Proteoglycan, synthesis of, in stromal cell lines, 1777-1783 
Proteolytic degradation of vWF after administration of DDAVP in 
normal individuals, 173-176 
Prothrombin 
activation of, suppressed by oral anticoagulants, 348-349 
effects of warfarin on synthesis and secretion of, in HEP G2 cells, 
773-778 
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Protooncogene 
c-abl, expression of, in Ph-positive AML, 1654-1658 
c-fos, see: c-fos protooncogene 
PRT (photoradiation therapy) for clinical ex vivo treatment of BM 
for ABMTs, 484-489 
Pseudo-Bernard-Soulier syndrome (BSS), as thrombocytopenia 
caused by autoantibody to GPIb, 428-431 
Pseudosickling of Hb Setif, 237-242 
p210°"*"! identification of molecular variants of, in CML, 233-236 
Purging of bone marrow, see Bone marrow transplantations 
Purpura, see Thrombocytopenic purpura 
Pyropoikilocytosis, hereditary, molecular determinants of clinical 
expression of, 766-772 


RA (all-trans-retinoic acid), interaction of rT NF-a and, with nor- 
mal and leukemic hematopoietic cells, 1940-1946 
Radiation, see Irradiation 
Radioimmunoassay of PAI-| plasma concentration during venous 
occlusion and after platelet aggregation, 1645-1653 
Radiogenic leukemia, 905-908 
RBCs, see Red blood cell(s) 
Receptor-mediated monocytoid differentiation of promyelocytic 
cells by TNF, 994-1002 
Recombinant granulocyte colony-stimulating factor (rG-CSF) 
effects of, on AML blast cells, 657-663 
neutrophil abnormalities in MDS and CML repaired with, 404- 
41} 
Recombinant granulocyte-macrophage colony-stimulating factor 
(rGM-CSF) ; 
action of, on erythroid progenitors, 1867-1871 
effects of, on AML blast cells, 657-663 
effects of, on recovery of ABMT recipients, 1696-1699 
leukocytosis induced by, and peripheral blood PMNs activated by, 
206-213 
rIL-3 compared with, in supporting multiliaeage colonies and 
blast cell colony formation, 1343-1348 
Recombinant interferon-a (rT FN-a) 
effects of, on BM-derived megakaryocytic progenitors, 1173- 
1179 
effects of, on growth of circulating hematopoietice progenitors in 
patients with myelofibrosis with myeloid metaplasia, 1014- 
1019 
in HCL, 1530-1535 
Recombinant interferon-y (rIFN-y) 
for CML, 943-947 
effects of, on BM-derived megakaryocytic progenitors, 1173- 
1179 
effects of, on growth of circulating hematopoietic progenitors in 
patients with myelofibroblasts with myeloid metaplasia, 
1014-1019 
proliferation of B-PLL cells induced by, 670-675 
rTNF-a and -8 compared with, in regulation of neutrophil migra- 
tion and superoxide production, 979-984 
Recombinant interleukin 3 (rIL-3) 
effects of, on AML. blast cells, 657-663 
effects of, on proliferation of HPP-CFC and/or LPP-CFC, 401- 
403 
rGM-CSF compared with, in supporting multilineage colonies 
and blast cell colony formation, 1343-1348 
Recombinant tumor necrosis factor (rT NF), G-CSF production 
stimulated by, 55-59 
Recombinant tumor necrosis factor- (r TNF-a) 
c-myc expression in HL-60 cells regulated by, 200-205 
compared with rIFN-y and IL-la@ in regulation of neutrophil 
migration and superoxide production, 979-984 


SUBJECT INDEX 


Recombinant tumor necrosis factor-a (rT NF-a) (Continued) 
interaction of all-trans-retinoic acid and, with normai and ieu- 
kemic hematopoietic cells, 1940-1946 
Recombinant tumor necrosis factor-3 (rT NF-f: lymphotoxin) 
compared with rfFN-y and IL-la@ in regulation of neutrophil 
migration and superoxide production, 979-984 
G-CSF and GM-CSF sensitivity to, 1773-1776 
Recurrent abortions, and hypofibrinogenemia associated with 7p- 
:12q translocation, 921-925 
Red blood cell(s) (RBCs) 
abnormal MS of, in severe 8-thalassemia, 158-164 
aggregation and sedimentation mechanisms of, 1572-1576 
antiidiotypic IgG crossreactive with Rh alloantibodies in autoim- 
munity of, 710-715 
augmentation of neutrophil-mediated lysis of, by cells derived 
from monocytes, 1743-1749 
biotinylated, survival and recovery of, 791-795 
cytoplasmic factor required for entry of P. falciparum into, 
77-82 
effects of malonate and oxalate on metabolism of, 1389-1393 
endothelial cell interaction with sickle trait, mechanically injured, 
normal, and sickle, 152-157; see also entries beginning with 
term: Sickle 
genetic differences in influence of Hb, on oxidative stress hemoly- 
sis of, 909-914 
HbC, permeability and concentration of calcium not impaired in, 
804-808 
See also entries beginning with element: Erythro- 
Red blood cell (RBC) p80, characterization of, and membrane 
protein defect of /n(Luj Lu(a-b) RBCs, 1475-1481 
Red blood cell (RBC) 8-spectrin cDNA, nucleotide sequence of, 
915-920 
Refractoriness to platelet transfusions, see Platelet transfusions 
Rejection of grafts, see Bone marrow transplantations 
Relapse 
ALL, genotype and phenotype analysis in, 1073-1078 
in CML after allogeneic BMT, molecular analysis of, 873-876 
Remission 
juvenile chronic myelogenous leukemia cells in PB during, 1466- 
1469 
second, BMT for childhood ALL in, 324-326 
Renal erythropoietin (Epo) mRNA (messenger ribonucleic acid), 
physiologic regulation and tissue localization of, 316-323 
Respiratory burst-associated protein, 48-kD, phosphorylation of, 
enhanced by 1,25(OH),D,, 1639-1644 
Restriction fragment length polymorphisms (RFLPs) 
of factor VIH gene, carrier detection and prenatal diagnosis of 
hemophilia A with, 531-635 
identification of, involving ETS-! oncogene on chromosome 
11q23, 327-329 
mixed blood chimerism in T-cell depleted bone marrow transplan- 
tation recipients evaluated with, 1692-1695 
See also cDNA 
Reticulocyte-coated vesicles carrying transferrin-transferrin recep- 
tor complex, 1935-1039 
Reticuloendothelial system, ITP with impaired Fe receptor-specific 
clearance of, in homosexuality, 392-395 
Retinoic acid (RA), all-trans, interaction of rT NF-a@ and, with 
normal and leukemic hematopoietic cells, 1940-1946 
RFLPs, see Restriction fragment length polymorphisms 
rG-CSF, see Recombinant granulocyte colony-stimulating factor 
RrGM-CSF, see Recombinant granulocyte-macrophage colony- 
stimulating factor 
Rh alloantibodies, antiidiotypic IgG crossreactive with, in RBC 
autoimmunity, 710-715 
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Ribonucleic acid, messenger, see MRNA 

Ribosylation inhibitors, inhibitors of GF-induced proliferation of 
ADP, 686-693 

Richter’s syndrome (large cell lymphoma), antiidiotypic antibody in 
analysis of patient with CLL and, 45-50 

rlFN, see Recombinant interferon 

riL-3, see Recombinant interleukin 3 

Ristocetin, vWF and, 898-900 

RNA, messenger, see mRNA 

rT NF, see Recombinant tumor necrosis factor 


SCA (sickle cell anemia), HbF production in, 716-721 
SCID (severe combined immune deficiency), haploidentical BMT 
for, and BM treated with CT-2 and C following, 664-669 
Second remission, BMT for childhood ALL in, 324-326 
Secretagogues, impaired induction of MAC-1 by, and abnormal 
stimulated adherence of NGs, 740-750 
Sedimentation, RBC, 1572-1576 
Seropositivity to HIV in hemophilia A and B, 276-281, 786-790 
Serum 
capacity of, to depolymerize actin filaments, 524-530 
of HIV-infected patients, detection of HIV antigen and specific 
antibodies to HIV core and envelope proteins in, 575-578 
of patients with HCL, soluble IL-2R in, 1530-1535 
of TTP patients, cysteine protease activity dependent on calcium 
in, 1584-1588 
Serum immunoreactive erythropoietin (siEp) in childhood cyanotic 
and acyanotic CHD, 822-826 
Serum interleukin 2 receptors (IL-2R) 
high levels of, related to advanced childhood NHL and its poor 
outcome, 624-628 
soluble, see Soluble interleukin 2 receptors 
Serum transferrin receptor, as index of erythropoiesis, 1955-1958 
Tp—iilp+ translocation [t(7p—;l]p+)] involving short arm of 
chromosomes 7 and 1} and associated with AML, 1654- 
1658 
7p —;12q translocation [t(7p-:12q)], recurrent abortion and hypofi- 
brinogenemia associated with, 921-925 
Severe aplastic anemia, allogeneic BMT as therapy of, 1325-1330 
Severe combined immune deficiency (SCID), haploidentical BMT 
for, and BM treated with CT-2 and C following, 664-669 
Severe 8-thalassemia, abnormal RBC MS in, 158-164 
Shear stress activation of GPHb/Hła plus vWF causing platelet 
aggregation, 1354-1361 
Showa- Yakushiji (;110 Leu-Pro) globin, a-thalassemia phenotype 
due to, 1688-1691 
Sialophorin in Wiskott-Aldrich syndrome, 104-109 
Sickle cell(s) 
Cl” -dependent K* efflux in, deoxygenation inhibiting volume- 
stimulated, 1861-1866 
effects of molecular species composition of PC on cellular proper- 
ties of, IITI-IHIS 
endothelial cell interactions with, 152-157 
K transport inhibited by divalent cations tn, 1810-1815 
membrane-associated sickle Hb and rigidity of, 1443-1449 
See also specific thalassemias 
Sickle cell anemia (SCA), HbF production in, 716-721 
Sickle cell disease, see HbS 
Sickle trait, endothelial cell interaction with, 152-157 
Sideroblastic anemia, see Acquired idiopathic sideroblastic anemia 
siEp (serum immunoreactive erythropoietin), childhood cyanotic 
and acyanotic CHD, 822-826 
sIL-2R, see soluble interleukin 2 receptors 
Simian virus 40 (SV40), adherent cells from LTMC transformed by, 
464-474 
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Single-donor platelets, effects of high-dose Iv [gG on responses to, in 
patients refractory to platelet transfusions, 1433-1436 
Soluble interleukin 2 receptors (sIL-2F) 
levels of, in B-CLL, 396-400 
in patients with HCL, 1530-1535 
S-100 8* T cells, characteristics and behavior of, under normal and 
pathologic conditions, 214-220 
Soybean lectin-separated marrow 
IL-2-activated killer cells following BMT with E rosettle-depleted 
BM and, 1893-1903 
IL-2 production and response to IL-2 by PB mononuclear cells 
following BMT with, 1595-1603 
Spanish 3°-thalassemia, 3’ ends of deletions of 8 globin gene in, 
593-596 
SPD (storage pool deficiency), prolonged bleeding time and normal 
aggregation tests as indication of, 620-623 
8-Spectrin cDNA, nucleotide sequence of RBC, 915-920 
S--s--U blood group phenotype, glycophorin gene deletion in individ- 
uals homozygous for, 1830-1835 
Stem cell(s) 
elimination of, from MM celis by plasma cell-reactive MM4 and 
C, 1482-1489 
multipotent, see Multipotent stem cell(s) 
Storage pool deficiency (SPD), prolonged bleeding time and norma! 
aggregation tests as indication of, 620-623 
Stored platelets, IgA MoAb recognizing neoantigen on GPHa 
expressed on activated and, 16-22 
Stromal cells 
B cell differentiation in close association with, in diffusion cham- 
bers, 1418-1424 
characteristics of, in adherent cells from LTMCs, 464-474 
proteoglycan synthesis in, 1777-1783 
Structure-function relationship of VWF, 605-61 | 


Subendothelium 
arterial, platelet adherence to, inhibited by Asialo vWF, 1084- 
1089 
FN required for platelet adhesion and thrombus formation on, 
1437-1442 


Superoxide, production of, rTNF-a and -8 compared with rlPN-y 
and IL-la in regulation of, 979-984 

Survival, see Prognosis 

SV40 (simian virus 40), adherent cells from LTMC transformed by, 
464-474 


T-ALL (T cell acute lymphoblastic leukemia), TRGy diversity and 
mRNA expression in, 637-646 
TBI (total body irradiation), allogeneic BMT without, | 382-1388 
T cell{s) 
clones of, in non-Hodgkin's lymphoma, 287-292 
PB, see Peripheral blood T cells 
sialophorin expressed on, in Wiskott-Aldrich syndrome, 104-109 
S-100°, characteristics and behavior of, under normal and patho- 
logic conditions, 214-220 
T cell acute lymphoblastic leukemia (T-ALL), TRG, diversity and 
mRNA expression in, 637-646 i 
T cell chronic lymphocytic leukemia (T-CLL), H-2 dependent on T 
cells from patient with, not infected with HTLV-L, 1069- 
1071 
T-cell depleted marrow 
IL-2 production and response to IL-2 by PB mononuclear cells 
following BMT with, 1595-1603 
mixed blood chimerisms in transplantation with, evaluated with 
DNA polymorphisms, 1692-1695 
recovery of functional T cell frequencies in recipients of trans- 
plants with, 960-964 
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T cell leukemia cells 
adult, [L-2-dependent expansion of, 1407-1411 
CDI antigen on, 676-685 . 
T cell leukemia viruses type | and type H, human, see HTLV-1, 
HTLV-H 
T-cell prolymphocytic leukemia (T-PLL), cytogenetics of, 926-931 
F cell rearranging gene y (TRG), diversity and mRNA expression 
of, in T-ALL, 637-646 
T cell receptor (TCR) 8 chain gene rearrangement 
in occular adnexal lymphoid neoplasia, 1519-1529 
phorbol ester inducing IL-2R on cell surface of precursor thymo- 
cyte leukemia with, 1291-1296 
T cell receptor (TCR) y chain gene rearrangement 
in childhood ALL, 1933-1939 
phorbol ester inducing IL-2R on cell surface of precursor thymo- 
cyte leukemia without, 1291-1296 
T cell receptor (TCR) gene(s), configuration of, in infant ALL, 
536-54] 
T cell receptor (TCR) gene rearrangement, and expression in 
normal and leukemic LGL and NK cells, 1500-1508 
TCR, see entries beginning with term: T cell receptor 
Terminal transferase (TdT), HL-T cell line expressing, and 
secreting suppressor activity, 1151-1160 
12-0-Tetradecanoylphorbol-1|3-acetate (TPA), synergistic action of 
A23187 and, on B-CLL cells, 1536-1542 
TGs (transglutaminases) in vascular cells and tissues as alternate 
pathway for fibrin stabilization, 702-709 
a-Thalassemia phenotype, Showa- Yakushiji (,110 Leu-Pro) globin 
causing, 1688-1691 
8-Thalassemia 
equal stabilities of normal 8 globin and 8°-39 mRNA in, 293-301 
iron homeostasis in, 1462-1465 
mutation in IVS-] sequence of @ globin causing, 147-151 
permeability and concentration of calcium not impaired in, 804- 
808 
severe, abnormal RBC membrane skeleton in, 158-164 
~300 bp deletion involving part of 5’ region of 8 globin gene, 
583-586 
¥8°-Thalassemia, Spanish, 3° ends of deletions of 8 globin gene in, 
593-595 
6°-Thalassemia, homozygous, 6 globin gene from patients with, 
functioning normally on transient expression of heterologous 
cells, 809-813 
Therapy-related acute myeloblastic leukemia (AML), chromosome 
5 jong arm deletion and, 1707-1708 
30-kD glucocorticoid receptor fragments produced by neutrophil 
elastase in cytosol of leukemic cells, 860-868 
34-kD fragment of N-terminal portion of vWF, localization of factor 
VIH binding domain on, 1679-1682 
3:21 translocation [t(3;21] associated with blast phase of CML, 
1338-1342 
~300 bp 8 globin gene deletion involving part of 5’ region in 
8-thalassemia, 583-586 
Thrombin 
changes induced by, in GPIb, GPIX, and GPHb/1Ha, 1673-1678 
regulation of action of, on fibrin 1 polymer in prethrombotic state, 
347 
regulation of generation of, 344-345 
Thrombocytopoienta 
childhood, '''In-oxine platelet survival in, 652-656 
effects of degree of, on megakaryocyte ploidy and platelet volume, 
177-185 
pseudo-BSS as, caused by autoantibody to GPIb, 428-431 
Thrombocytopenic purpura 
immune, see Immune thrombocytopenic purpura 
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Thrombocytopenic purpura (Continued) 
thrombotic, cysteine protease activity in serum of patients with, 
deperdent on calcium, 1683-1687 
Thromboplastin, tissue, HTF1-788 inhibiting, 490-493 
Thrombopotesis, regulation of, 177-185 
Thrombotic disorders 
inherited, 345-347 
See also specific disorders 
Thrombotic thrombocytopenic purpura (TTP), cysteine protease 
activity in serum of patients with, dependent on calcium, 
1585-1588 
Thromboxane A, (TXA,;)}, formation of, on contact with platelets, 
647-63] 
Thrombus, FN required for formation of, on subendothelium and 
collagen surfaces, 1437-1442 
Thymocyte(s}, sialophorin expressed on, in Wiskott-Aldrich syn- 
drome, 104-109 
Thymocyte leukemia, phorbol ester inducing IL-2R on cell surface 
of precursor, without TCR 6 and y gene rearrangement, 
1291-1298 
Thymus cells. CDI antigen phenotypes identified on, 676-685 
Tissue factor (factor IH; tissue thromboplastin}, HTF 1-788 MoAb 
inhibiting, 490-493 
Tissue factor-factor Vila complex inhibited by plasma lipoproteins, 
1947-1954 
Tissue localization of renal Epo mRNA, 316-327 
Tissue-type plasminogen activator (tPA), fibrinolytic response to, 
564-567 
T-PLL (T-cell prolymphocytic leukemia), cytogenetics of, 926-93] 
TNF, see Tumor necrosis factor 
Total body irradiation (TBI), allogeneic BMT without, 1382-1388 
TPA (12-0-tetradecanoylphorbol-1|3-acetate), synergistic action of 
A23187 and, on B-CLL cells, 1536-1542 
tPA (tissue-type plasminogen activator), fibrinolytic response to, 
564-567 
Transferase, terminal, HL-T cell line expressing, and secreting 
suppressor activity, 1151-1160 
Transferrin receptors 
regulation of expression of, in myeloid leukemia, 852-859 
serum, as index of erythropoiesis, 1955-1958 
Transferrin-transferrin receptor complex, reticulocyte-coated vesi- 
cles carrying, 1035-1039 
Transfusions 
blood product, risk of AIDS for recipients of, from doners 
subsequently developing AIDS, 1604-1610 
platelet, see Platelet transfusions 
Transglutaminases (TGs) in vascular cells and tissues, as alternate 
pathway for fibrin stabilization, 702-709 
Translocation(s} 
3:21, associated with blast phase of CML, 1338-1342 
Tp— lip+, involving short arm of chromosomes 7 and 11 and 
associated with AML, 1654-1658 
7p—:12q, recurrent abortion and hypofibrinogenemia associated 
with, 921-925 
14:18, histology of NHL carrying, associated with additional 
nonrandom chromosome changes, 444-447 
15:17, localization of G-CSF gene on chromosome 17 proximal to 
breakpoint of, in APL, 330-332 
histology and immunology of NHL and ATL correlated with, 
1554-1564 
tdic(9:12), in childhood B-cell precursor ALL. 1962-1965 
Transplantations 
adult recipients of fetal liver, Epo production in, 542-545 
See also Bone marrow transplantations 
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TRG y (T cell rearranging gene y), diversity and mRNA expression 
of, in T-ALL, 637-646 


_TTP (thrombotic thrombocytopenic purpura), cysteine protease 


activity in serum of patients with, dependent on calcium, 
1683-1687 
T200 antigen, relationship between expression of, and stages of B 
cell differentiation in resurgent hyerplasia of BM, 1165- 
1172 
Tumor necrosis factor (TNF) 
recombinant, see Recombinant tumor necrosis factor 
sensitivity of G-CSF and GM-CSF to, 1773-1776 
Tumor necrosis factor-a (TNF-a) 
recombinant, see Recombinant tumor necrosis factor-« 
secretion of CSF for macrophages by monocytes induced by, 
1700-1703 
Tumor necrosis factor (TNF) receptors 
on hematopoietic cells, 1730-1734 
monocytoid differentiation of promyelocytic cells mediated by, 
994-1002 
TXA, (thromboxane A,), formation of, on contact with platelets, 
647-65] 
Tyrosine kinase in promyelocytic leukemia cells and PMNs, 356- 
362 


Ultraviolet (UV) irradiation, laser-, for virus inactivation in blood 
products, 589-591 

Unfractionated marrow cells, ABMT using, cryopreserved in 
DMSO and HES, 974-978 

U937 cell line, lymphokine-mediated activation of oxidative metabo- 
lism of, enhanced by 1,25(OH),D;, 1639-1644 


Vascular cells and tissues, TGs in, as alternate pathway for fibrin 
' stabilization, 702-709 
Venous occlusion, radioimmunoassay of plasma concentration of 
f PAI-1 during, 1645-1653 
Vessel wall, vWF interaction with, 605 
Viruses 
laser-ultraviolet irradiation for inactivation of, in blood products, 
589-591 
See also specific viruses 
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Yon Willebrand factor (VWF) 
collagen-interactive domain of, between amino acid residues Gly 
911 and Glu 1,365, 1577-1583 
fibrin monomer inducing binding of, to glycocalicin portion of 
GPIb, 1589-1594 
localization of factor VIII binding domain on 34-kD fragment of 
N-terminal portion of, 1679-1682 
proteolytic degradation of, in normal individuals after DDAVP 
administration, 173-176 ` 
structure-function relationship of, 605-61 1 
vWD and, 895-904 
Von Willebrand factor (vWF), platelets and 
Asialo vWF, see Asialo von Willebrand factor botrocetin-induced 
binding of vWF to GPIb and, 985-988 
effects of calcium concentration on ability of, to support ADP- 
induced platelet aggregation, 827-831 
effects of MoAbs against vWF and GPIIb/IIIa on platelet 
retention test, 546-550 
interaction between, 605 
involvement of vWF in platelet adhesion to collagen, 1214-1217 
localization of surface vWF on resting and stimulated platelets, 
1297-1302 
shear stress activation of GPIIb/IIIa plus vWF causing platelet 
aggregation, 1354-1361 
and vWF on surface of platelets stimulated in plasma by ADP, 
1362-1366 
vWD and vWF, see Von Willebrand factor; Von Willebrand’s 
disease 
Von Willebrand’s disease (vWD) 
filter blockage and bleeding time in, 1354-1361 
platelet-type, interactions of Asialo vWF with platelets in, 1804- 
1809 
vWF and, 895-904; see also Von Willebrand factor 


Warfarin, effects of, on prothrombin synthesis and secretion in HEP 
G2 cells, 773-778 

Whole blood, detection of activated platelets in, using activation- 
dependent MoAbs and flow cytometry, 307-315 

Wiskott-Aldrich syndrome (WAS), sialophorin in, 104-109 


Zellweger syndrome, defective synthesis of PAF by leukocytes in, 
related to age, 460-465 
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INFORMATION FOR CONTRIBUTORS 


SUBMITTING THE MANUSCRIPT 


BLOOD, The Journal of The American Society of Hematology. 
provides an international forum for the publication of original 
articles, in English, describing basic laboratory and clinical inves- 
tigations encompassed in the broad discipline of hematology. The 
scope of the journal covers ail aspects of hematology, including 
disorders of leukocytes, both benign and malignant, erythro- 
cytes, platelets, hemostatic mechanisms, and immunology, as 
well as major developments in clinical laboratory diagnosis and 
blood banking. 


Manuscripts are accepted for consideration on the condition 
that they are contributed solely to BLOOD. No substantial part of 
a paper may have been or may be published elsewhere, except for 
an abstract of 500 words or less. Manuscripts will be critically 
reviewed by the Editor or an Associate Editor with appropriate 
independent referees drawn from the Editorial Board and other 
experts. Acceptance of papers *or publication is based upon the 
originality of the observation or investigation, the quality of the 
work described, and the clarity of the presentation. Papers will 
ordinarily be published im the order in which they 
are finally accepted for publication and not in the order of 
submission. Acknowledgments to other investigators for advice 
or data must be substantiated by written authorization specifi- 
cally granting permission to authors. 


Concise Reports: BLOOD will consider for rapid editorial 
review and decision Concise Reports of original investigations of 
scientific importance within the broad discipline of hematology. 
The value to the scientific readership of rapid publication is a 
criterion for acceptance of Coscise Reports. Such manuscripts 
must represent original and definitive studies and include ade- 
quate description of experimental methods, documentation of 
findings, and references to the literature. No case studies. 
methods papers, or preliminary reports will be considered. The 
Editors will provide decisions en such manuscripts within three 
weeks of receipt at the BLOOD Office. These decisions may not 
be accompanied by detailed reviewers’ comments such as are 
returned with manuscripts handled in the ordinary manner. 
Request for consideration as a Concise Report should be made in 
the author's covering letter upon submission. Concise Reports 
cannot exceed ten typed pages, including tables, figures, and 
references (count two graphs cr one photomicrograph as a typed 
page). Papers exceeding the ten-page limit will be delayed while 
the author is being contacted. Papers not accepted for rapid 
publication as Concise Reports: may be resubmitted for consider- 
ation as regular manuscripts. 


Letters to the Editor: Letters to the Editor are welcomed and 
will be published if appropriate. They should be typewritten, 
double spaced, and generally should be no more than two 
typewritten pages in length. 


Editorials, Brief Reviews: Editorials and Brief Reviews may 
be solicited by the Editors. These manuscripts must be prepared 


in a manner appropriate for other papers and will be reviewed as 
are original articles submitted for consideration. 


Authors must accept the responsibility of conforming to the 
instructions in ‘Information for Contributors.” Articles, edito- 
rials, letters to the editor, and other text material in BLOOD 
represent the opinions of the authors and do not reflect the 
opinions of The American Society of Hematology, the publisher, 
or the institution with which the author is affiliated, unless the 
contrary is specified, 


Authors submitting a manuscript do so with the understand- 
ing that if it is accepted for publication, copyright in the article. 
including the right to reproduce the article in all forms and media, 
shall be assigned exclusively to the Publisher. To comply with US 
copyright law and the requirements of the insurance carrier, 
authors of accepted manuscripts and letters will be requested to 
sign a copyright release form. The Publisher will not refuse any 
reasonable request by the author for permission to reproduce any 
of his or her contributions to the journal. 


Submit: papers, with a $50.00 (in US funds) check, money 
order, or institutional purchase order to cover the cost of manu- 
script handling, to: John W. Adamson, MD. Editor 

BLOOD 

University District Building-— Room 410 
1107 NE 45th St 

Seattle, WA 98105 

(206) 545-8080 


All checks and money orders must be marked with the first 
author's name, in order to avoid delay in processing. Receipt of a 
manuscript will be acknowledged by a card bearing the name of 
the Editor or Associate Editor who is assigned responsibility for 
the review process. All correspondence concerning the manu- 
script should be addressed to the Editor or Associate Editor, 
Effective January 1, 1987, all manuscripts submitted to BLOOD 
and subsequently accepted for publication will be assessed a 
$50.00 charge per published page. This charge is necessary to 
offset the increasing costs of publication. 


Papers reporting human experimentation will be reviewed in 
accordance with the precepts established by the Helsinki Decla- 
ration. Copies of this declaration may be obtained by writing to 
the American Medical Association, 535 N Dearborn St, Chicago, 
IL 60610. Such papers must include a statement that the human 
investigations were performed after approval by a local Human 
investigations Committee and in accord with an assurance filed 
with and approved by the Department of Heaith and Human 
Services where appropriate. 


Ail manuscripts dealing with recombinant DNA research must 
include a description of the physical and biologic contaifment 
procedures practiced, in accord with the National institutes of 
Health Guidelines for Research Involving Recombinant DNA 
Molecules. The Editors of BLOOD will assume that the authors of 
research papers published in BLOOD are prepared to distribute to 
bona fide academic investigators exclusively for their own 
research any clone of cells or DNA used in the experiments. 
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PREPARING THE MANUSCRIPT 


The original and two complete copies of the manuscript 
(including letters to the Editor) must be submitted. Manuscripts 
must be typewritten, double or triple spaced on good quality 
8y.-by-11-inch white paper with margins of at least one inch. 
Please do not use erasable bond. 

The first page of the manuscript should contain the following 
information: (1) title of the paper; (2) authors’ names: (3) name 
of institution in which work was done: (4) acknowledgments for 
research support: (5) name and address of the author to whom 
communications regarding the manuscript should be directed. 

The second page should contain an abstract of 200 words or 
less, summarizing the reason for the study, the methods used, 
the results, and the major conclusions. Do not include a summary 
at the end of the paper. 


PREPARING ILLUSTRATIONS AND TABLES 


Tables and illustrations must be cited in order in the text using 
arabic numerals. All line drawings should be submitted as clear, 
glossy, black and white photographs. Hand-drawn or hand- 
lettered illustrations are unacceptable. Legible copies may be 
used only with the duplicate manuscripts. Photomicrographs and 
other photographic illustrations must be submitted in triplicate; 
photocopies of photographs and line drawings are not accept- 
able. The name of the first author, figure number, and designation 
of the top of the illustration should be marked on the back of each 
illustration with a soft lead pencil. Authors should avoid mounting 
illustrations on boards unless mounting is necessary to insure 
proper placement. Legends for illustrations should be typewrit- 
ten, double spaced, on a separate sheet, and included at the end 
of the manuscript. A legend must accompany each illustration. 
Contributors will pay all charges involvec in processing and 
printing of color photographs. 

Figures, especially charts, graphs, and line drawings, are 
generally reduced in size for publication (consult a recent issue of 
the journal for examples). To maintain legibility it is important 
that all numbers, letters, and symbols be large enough originally 
so that when reduced they will remain at least ya inch (2 mm) 
high (ie, approximately the same size as used for this line of type). 
Figures not properly prepared will have to be returned to the 
contributor for revision or will be relettered by the printer and the 
cost charged to the contributor. 

Each table should be typed on a separate sheet and appropri- 
ately numbered. Table legends should be typed on the same 
sheets as the tables. 

Failure to comply with the specifications for preparing illustra- 
tions and tables may result in a delay of the review process. 


REFERENCES 


References should be compiled at the end of the article 
according to the order of citation in the text. They should be 
typewritten, double spaced, under the heading REFERENCES. 
Abbreviations for titles of medical periodicals should conform to 
those used in the latest edition of Index Medicus. {A "List of 
Journals Indexed in index Medicus” -—with abbreviations -is 
obtainable from the Superintendent of Documents, US Govern- 
ment Printing Office, Washington, DC 20402, at a modest 
charge.) Name al! authors. Supply only first page number for each 
reference. References to abstracts and letters must be identified 
as such. 


INFORMATION FOR CONTRIBUTORS 


Personal communications and references to publications in 
press by authors other than those submitting the paper must be 
substantiated by a letter from the investigator(s} concerned 
confirming the data or observations and granting the authors 
permission to cite the material. 


EXAMPLES OF REFERENCES 


Journal article, one or more authors: 

1. Golomb HM, Vardiman J, Sweet DL, Simor D, Varia- 
kojis D: Hairy cell leukemia: Evidence for the existence of a 
spectrum of functional capabilities. Br J Haematol 38:161, 
1978 
Journal article, in press: 

2. O'Malley JE, Eisenberg L: The hyperkinetic syndrome. 
Semin Psychiatry (in press) 

Complete book: 

3. Lie RD: Histopathologic Technic and Practical Histo- 
chemistry (ed 3). New York, Blakiston, 1965, p 39 
Chapter of Book: 

4. Moore G, Minowada J: Human hemopoietic cell lines: A 
progress report, in Farnes P (ed): Hemic Cells In Vitra, vol 4. 
Baltimore, Williams & Wilkins, 1969, p 100 
Chapter of book that ts part of published meeting: 

5. Natvig JB, Kunkel HG, Gedde-Dahl T Jr: Genetic studies of 
the heavy chain sub-groups of G globulin, in Killander J (ed): 
Gamma Globulins, Proceedings of the Third Nobel Symposium. 
New York, Wiley, 1967 
Chapter of book that is part of unpublished meeting: 

6. Poliak A: A morphologic study of the lymphoproliferative 
lesions induced by excess vitamin A. First Meeting, European 
Division, International Society of Hematology, Milan, 1971, p 
181 
Abstract: 

7. Curnutte JT, Karnovsky ML, Babior BM: Manganese- 
dependent NADPH oxidation by a particulate preparation from 
guinea pig granulocytes: An alternative interpretation. Clin Res 
23:271A, 1975 (abstr) 

Letter to the Editor: 

8. Seeler RA: Sickle cell anemia monthly variations. Blood 

47:879, 1976 (letter) 


PROOFREADING 


Contributors are provided with galley proofs and are asked to 
proofread them for typesetting errors. important changes in data 
are allowed, but authors will be charged for excessive alterations 
in proof. Galley proofs should be returned within 48 hours. 


REPRINTS 


Reprints of articles can be furnished to contributors when 
ordered in advance of publication. An order form, showing cost of 
reprints, is sent with proofs. Individuals wishing to obtain reprints 
of an article that appeared in BLOOD can do so by contacting the 
author at the address given in the journal. 


ANNOUNCEMENTS 


Announcements of meetings. conferences, and the like that 
are of interest to the readership of BLOOD should be sent to the 
Editor at least three months before the first day of the month of 
issue. Fees for announcements vary, depending on ther size and 
the number of issues involved. Prices may be obtained by 
contacting the BLOOD office. 


AGGRESSIVE DRUG. 


Drug of Choice in PCP 


Bactrim I.V. is the drug of choice for treatment of 
Pneumocystis carinii pneumonia (PCP).' Please 
note, though, that AIDS patients may not tolerate 
or respond to treatment in the same way as non- 
AIDS patients. 

The incidence of side effects— particularly rash, 
fever and leukopenia—is greatly increased in AIDS 
patients. Discontinue therapy at the first sign of 
skin rash or any adverse reaction. 


Colof-enhanced 
scanning electron 
micrograph of 
Pneumocystis carinii 


High survival rate after first episodes 
of PCP in AIDS patients 


In a multicenter evaluation of 185 AIDS patients 
who received trimethoprim plus sulfamethoxazole 
for their first episodes of PCP. 58% completed 
therapy with this combination alone. Among these 
patients, the rate of immediate survival was 82%.* 


immediate survival 
with 829 i o 
TMP/SMX alone = 


0% 


Adapted trom report of a National Heart, Lung and Biood Institute Workshop? 


(16 mg trimethoprim and 80 mg sulfamethoxazole per mL) 


<> 





References: 1. Medical Letter 28(706):9-16, Jan 31. 1986. 2. Murray JF. et al: N Engl 
J Med 310(25):1682-1688. Jun 21, 1984. 


Drug of choice in PCP’ 


Bactrim IV. infusion 


(16 mg trimethoprim and 80 mg 
sulfamethoxazole per mL) 


Before prescribing, please consult complete product information, a summary of which 
follows: 

CONTRAINDICATIONS: Hypersensitivity to trimethoprim or sulfonamides: documented 
megalobiastic anemia due to folate deficiency; pregnancy at term and during the nursing 
period: infants less than two months of age. 

WARNINGS: FATALITIES ASSOCIATED WITH THE ADMINISTRATION OF SULFONA- 
MIDES, ALTHOUGH RARE, HAVE OCCURRED DUE TO SEVERE REACTIONS, INCLUD- 
ING STEVENS-JOHNSON SYNDROME, TOXIC EPIDERMAL NECROLYSIS, FULMINANT 
HEPATIC NECROSIS, AGRANULOCYTOSIS, APLASTIC ANEMIA AND OTHER BLOOD 
DYSCRASIAS. 

BACTRIM SHOULD BE DISCONTINUED AT THE FIRST APPEARANCE OF SKIN RASH 
OR ANY SIGN OF ADVERSE REACTION. Clinical signs, such as rash. sore throat. fever. 
arthralgia, cough, shortness of breath, pallor, purpura or jaundice. may be early indications 
of serious reactions. In rare instances a skin rash may be followed by more severe reac- 
tions, such as Stevens-Johnson syndrome, toxic epidermal necrolysis, hepatic necrosis or 
serious blood disorder. Perform complete blood counts frequently 

BACTRIM SHOULD NOT BE USED IN THE TREATMENT OF STREPTOCOCCAL PHARYN- 
GITIS. Clinical studies have documented that patients with group A B-hemolytic strepto- 
coccal tonsillopharyngitis have a greater incidence of bacteriologic failure when treated 
with Bactrim than with penicillin. i 

Bactrim I.V. infusion contains sodium metabisulfite. which may cause allergic-type reac- 
tions in susceptible persons, especially asthmatics or atopic nonasthmatic persons. 
PRECAUTIONS: 

General: Give with caution to patients with impaired renal or hepatic function, possible 
folate deficiency (e.g., elderly, chronic alcoholics, patients on anticonvulsants, with malab- 
sorption syndrome, or in malnutrition states) and severe allergies or bronchial asthma. In 
glucose-6-phosphate dehydrogenase deficient individuals, hemolysis may occur. frequently 
dose-related. 

Local irritation and inflammation due to extravascular infiltration of the infusion have been 
observed. lf these occur, discontinue infusion and restart at another site. 

Use in the Elderly: May be increased risk of severe adverse reactions in elderly, particularly 
with complicating conditions. e.g., impaired kidney and/or liver function. concomitant use 
of other drugs. Severe skin reactions. generalized bone marrow suppression (see 
WARNINGS and ADVERSE REACTIONS) or a specific decrease in platelets (with or without 
purpura) are most frequently reported severe adverse reactions in elderly. In those concur- 
rently receiving certain diuretics, primarily thiazides, increased incidence of thrambocyto- 
penia with purpura reported. Make appropriate dosage adjustments for patients with 
impaired kidney function (see DOSAGE AND ADMINISTRATION). 

Use in the Treatment of Pneumocystis Carinii Pneumonitis in Patients with Acquired 
Immunodeficiency Syndrome (AIDS). Because of unique immune dysfunction, AIDS 
patients may not tolerate or respond to Bactrim in same manner as non-AIDS patients. 
incidence of side effects, particularly rash, fever, leukopenia, with Bactrim in AIDS patients 
treated for Pneumocystis carinii pneumonitis reported to be greatly increased compared 
with incidence normally associated with Bactrim in non-AIDS patients. 

Laboratory Tests: Pertorm appropriate culture and susceptibility studies before and 
throughout treatment. Complete blood counts should be done frequently; if a significant 
reduction in the count of any formed blood element is noted. discontinue Bactrim. Perform 
urinalyses with careful microscopic examination and renal function tests during therapy. 
particularly for patients with impaired renal function. 

Drug Interactions: in elderly patients concurrently receiving certain diuretics, primarily 
thiazides, an increased incidence of thrombocytopenia with purpura has been reported. 
Bactrim may prolong the prothrombin time in patients who are receiving the anticoagulant 
warfarin. Keep this in mind when Bactrim is given to patients already on anticoagulant 
therapy and reassess coagulation time. Bactrim may inhibit the hepatic metabolism of 
phenytoin. Given at a common clinical dosage, it increased the phenytoin half-life by 39% 
and decreased the phenytoin metabolic clearance rate by 27%. When giving these drugs 
concurrently, be alert for possible excessive phenytoin effect. Sulfonamides can displace 
methotrexate from plasma protein binding sites, thus increasing free methotrexate 
concentrations. 

Drug/Laboratory Test interactions: Bactrim, specifically the trimethoprim component, can 
interfere with a serum methotrexate assay as determined by the competitive binding protein 
technique (CBPA) when a bacterial dihydrofolate reductase is used as the binding protein. 
No interference occurs if methotrexate is measured by a radioimmunoassay (RIA). The 
presence of trimethoprim and sulfamethoxazole may also interfere with the Jaffé alkaline 
picrate reaction assay for creatinine, resulting in overestimations of about 10% in the range 
of normal values. 

Carcinogenesis. Mutagenesis. impairment of Fertility: Carcinogenesis: Long-term 
Studies in animals to evaluate carcinogenic potentia: not conducted with Bactrim LV. infu- 
sion. Mutagenesis: Bacterial mutagenic studies not performed with sulfamethoxazole and 
trimethoprim in combination. Trimethoprim demonstrated to be nonmutagenic in the Ames 
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BACTRIM ” LV. infusion (trimethoprim and sulfamethoxazole/Roche} 


assay. No chromosomal damage observed in human leukocytes cultured in vitro with 
sulfamethoxazole and trimethoprim atone or in combination: concentrations used exceeded 
bigod levels of these compounds following therapy with Bactrim. Observations of leuko- 
cytes obtained from patients treated with Bactrim revealed no chromosomal abnormalities. 
impairment of Fertility: Bactrim LV. Infusion not studied in animals for evidence of impair- 
ment of fertility. Studies in rats at oral dosages as high as 70 mg/kg temethoprim plus 
350 mg/kg sullamethoxazole daily showed no adverse effects on fertiity or general repro- 
ductive performance. 

Pregnancy: Teratogenic Effects: Pregnancy Category €. Trimethoprim and sulfamethoxazole 
may interfere with folic acid metabolism: use during pregnancy oniy if potential benefit 
justifies potential risk to fetus. Nonteratogenic Effects: See CONTRAINDICATIONS section. 
Nursing Mothers: See CONTRAINDICATIONS section. 

Pediatric Use; Not recommended for infants under two months {see CONTRAINDICATIONS 
section). 

ADVERSE REACTIONS: Most common are gastrointestinal disturbances (nausea, vomit- 
ing, anorexia) and allergic skin reactions (such as rash and urticaria). FATALITIES ASSO- 
CIATED WITH THE ADMINISTRATION OF SULFONAMIDES, ALTHOUGH RARE , HAVE 
OCCURRED DUE TO SEVERE REACTIONS, INCLUDING STEVENS-JOHNSON SYN- 
DROME, TOXIC EPIDERMAL NECROLYSIS, FULMINANT HEPATIC NECROSIS, AGRAN- 
ULOCYTOSIS, APLASTIC ANEMIA AND OTHER BLOOD DYSCRASIAS {SEE WARNINGS 
SECTION). Local reaction, pain and slight irritation on 1V. administration infrequent. 
Tarombophlebitis rarely observed. 

Hematologic: granulocytosis, aplastic anemia. thrombocytopenia, ieukopenia, neutro- 
penia, hemolytic anemia, megaloblastic anemia. hypoprothrombinemia, methemoglobine- 
ma, eosinophilia. Alfergic Reactions: Stevens-Johnson syndrome. toxic epidermal 
necrolysis, anaphylaxis, allergic myocarditis. erythema multiforme, extoliative dermatitis. 
angioedema, drug fever, chilis, Henoch-Schoenlein purpura, serum sickness-like Sy- 
drome, generalized allergic reactions, generalized skin eruptions. comuncetival and scleral 
injection, photosensitivity, pruritus, urticaria and rash. Periarteritis nodosa and systemic 
lupus erythematosus have been reported. Gastrointestinal: Hepatitis (ncluding cholestatic 
jaundice and hepatic necrosis), elevation of serum transaminase and bdirubin. pseudo- 
membranous enterocolitis, pancreatitis, stomatitis, glossitis, nausea, emesis, abdominal 
pain, diarrhea, anorexia. Genitourinary: Renal failure, interstitial nephritis, BUN and serum 
creatinine elevation, toxic nephrosis with oliguria and anuria, crystallura. Neurologic: 
Aseptic meningitis, convulsions. peripheral neuritis, ataxia, vertigo, tinnitus, headache. 
Psychiatric: Hallucinations, depression, apathy, nervousness. Endocrme: Sulfonamides 
bear certain chemical similarities to some goitrogens, diuretics (acetazplamide and the 
thiazides) and oral hypoglycemic agents; cross-sensitivity may exist. Diuresis and hypogly- 
cemia have occurred rarely in patients receiving sulfonamides. Musculoskeletal Arthraigia, 
myalgia. Respiratory. Pulmonary infiltrates. Miscellaneous: Weakness, fatigue, insomnia. 
DOSAGE AND ADMINISTRATION: CONTRAINDICATED IN INFANTS LESS THAN TWO 
MONTHS OF AGE. CAUTION—BACTRIM 1.V. INFUSION MUST BE DILUTED IN 5% DEX- 
TROSE IN WATER SOLUTION PRIOR TO ADMINISTRATION, DO NOT MIX WITH OTHER 
DRUGS OR SOLUTIONS. RAPID INFUSION OR BOLUS INJECTION MUST BE AVOIDED. 
DOSAGE (Children and Adults): 

PNEUMOCYSTIS CARINII PNEUMONITIS: Total daily dose is 15 to 20 g/kg (based on 
the trimethoprim component) given in three or four equally divided doses every 6 to 8 
hours for up to 14 days. One investigator noted that a total daily dose of 10 to 15 mg/kg 
was sufficient in 10 adults with normal renal function. 

SEVERE URINARY TRACT INFECTIONS AND SHIGELLOSIS: Total daily dose is-8 to 

10 mg‘kg {based on the trimethoprim component) given in two to four equally divided 
doses every 6, 8 or 12 hours for up to 14 days for severe urinary tract iafections and 5 days 
for shigellosis. Maximum recommended daily dose is 60 mi. Renal Impaired: Creatinine 
Clearance above 30 mimin, give usual dosage: 15-30 mimin, give one-half the usual 
regimen: below 15 mimin, use not recommended. 

Method of Preparation: Bactrim IV. Infusion must be diluted. EACH 5 ML SHOULD BE 
ADDED TO 125 ML OF 5% DEXTROSE IN WATER. After diluting do not refrigerate: use 
within 6 hours. Hf a dilution of 5 ml/100 mi of 5% dextrose in water is desired. use within 

4 hours. If there is cloudiness or evidence of crystallization. discard souution and prepare a 
fresh one. 

Multidase Vials: After initial entry into the vial. use remaining contents within 48 hours. 
The following infusion systems are satisfactory: unit-dose glass containers. unit-dose 
polyvinyl chloride and polyolefin containers. 

Dilution: ADD EACH 5 ML OF BACTRIM LV. INFUSION TO 125 ML OF 5% DEXTROSE IN 
WATER. 

NOTE: When fluid restriction is desirable, add eac 5 mi to 75 mi of 5% dextrose in 
water, mix just prior to use and administer within two hours. H there is cloudiness or 
evidence of crystallization, discard solution and pregare a fresh one. 

DO NOT MIX BACTRIM LV. INFUSION--5%. DEXTROSE IN WATER WITH DRUGS OR 
SOLUTIONS IN THE SAME CONTAINER. 

ADMINISTRATION: Administer by IV. infusion over 60 to 90 minutes. Avoid rapid infusion 
or bolus injection. Do not give intramuscularly 

HOW SUPPLIED: 5-mi ampuis, 5-ml vials and 10-mi viais--boxes of 10: 30-mi and 50-mi 
multidose vials—-boxes of 1. Each 5 mi contains 80 mg trimethoprim (16 mq/m}) and 

400 mg sulfamethoxazole (80 mg/m) for infusion with 5% dextrose in water. 

STORE AT ROOM TEMPERATURE (15°-30°C or 59°-86°F). DO NOT REFRIGERATE. 


Roche Laboratories o 


a division of Hoffmann-La Roche Inc. 


340 Kingsland Street. Nutley New Jersey 07710-1199 
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TABLEAU A « — 


Ask one of the 3 million Americans 
who've survived cancer, if the money 
spent on research is worth tt. 


We are winning. 


| Please support the 
ZAMERICAN CANCER SOCIETY 


This space contributed as a public service. 





GRUNE & STRATTON, INC. | 


Featuring a new editor and internationally recognized contributors! 


PROGRESS IN 


HEMOSTASIS AND THROMBOSIS, 


VOLUME 8 


Edited by 


Barry S. Coller, M.D. 


Progress in Hemostasis and Thrombosis, 
Volume 8, carries on the tradition established for 
the series under Dr. Theodore Spaet’s editorship, of 
publishing definitive reviews on major topics of 
current interest in the broad fields of hemostasis and 
thrombosis. 

For the first edition under his editorship, Dr. Barry 
S. Coller has selected a rich mixture of both basic 
and clinical topics written by authors with outstand- 
ing international reputations. Several chapters deal 
extensively with the new therapeutic modalities, in- 
cluding thrombolysis with tissue plasminogen ac- 
tivators, intravenous gamma-globulin, and DDAVP. 
Among the other topics covered are: the hereditary 
thrombophilias; Factor VIII; Protein Kinase C; 
Transcellular Metabolism of Eicosenoids: Porcine 
von Willebrand’s Disease; and Heparin-like 
Molecules of the Endothelium. 

Progress in Hemostasis and Thrombosis, 
Volume 8, presents hematologists, cardiologists, 
basic scientists, and other interested professionals, 
with in-depth reviews of important topics in the 
field. 


1986, 240 pp., $49.50 
ISBN: 0-8089-1836-2, Order Code: 790883 


GRUNE & STRATTON, INC. Harcourt Brace Jovanovich, Publishers 
Attn: Promotion Dept., Orlando, FL, 32887-0430, U.S.A. 60057 





CONTENTS: Contributors. Désiré Collen, Tissue-Type 
Plasminogen Activator (t-PA) and Single Chain Urokinase- 
Type Plasminogen Activator (scu-PA): Potential for Fibrin- 
Specific Thrombolytic Therapy. Pier Mannuccio Mannucci, 
Desmopressin (DDAVP) for Treatment of Disorders of | 
Hemostasis. Dan L. Eaton and Gordon A. Vehar, Factor VIII | 
Structure and Proteolytic Processing. Philip C. Comp, 
Hereditary Disorders Predisposing to Thrombosis. James B. 
Bussel, Intravenous Immunoglobulin Therapy for the Treat- 
ment of Idiopathic Thrombocytopenic Purpura. Aaron J. 
Marcus, Transcellular Metabolism of Eicosanoids. Hideaki 
Nomura, Hiroyuki Nakanishi, Katsuhiko Ase, Ushio Kik- 
kawa, and Yasutomi Nishizuka, Inositol Phospholipid Tur- 
nover in Stimulus-Response Coupling. Valentin Fuster and 
Thomas R. Griggs, Porcine von Willebrand Disease: Im- 
plications for the Pathophysiology of Artherosclerosis and 
Thrombosis. Robert D. Rosenberg, James A. Marcum, and 
Christopher F. Reilly, The Role of Specific Forms of 
Heparan Sulfate in Regulating Blood Vessel Wall Function. 
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A uniquely valuable contribution to the field of transplantation medicine! 


TRANSPLANTATION TODAY, 
VOLUME IX 


Pekka Hayry, M.D., Saija Koskimies, and Felix T. Rapaport, M.D. 

This volume is the ninth in a series of biennial in-depth reviews of world transplantation and has become a 
Classic in its field today. 

Transplantation Today, Volume IX, provides a global overview of all that transplantation has to offer 
patients suffering from end-stage disease of vital organs. A full compendium of the new areas of research that 
have developed in the field is provided. The applications of new discoveries to clinical medicine are outlined in 
detail, including full representation by all of major research and clinical transplantation facilities throughout the 
world. 

Comprised of over 1,000 contributions from physicians and scientists representing 47 different nations, this 
volume is the unique authoritative compendium for world transplantation. Special chapters are devoted to cel- 
lular and molecular mechanisms in transplant rejection, histocompatibility, experimental transplantation, im- 
munosuppression and clinical transplantation of kidney, heart, lung, liver, pancreas, bone marrow and other or- 
gans. ; 

Transplantation Today, Volume IX, offers the most informative and authoritative view of this field to date. It 
will be a valuable reference for nephrologists, cardiologists, hepatologists, metabolic disease experts, diabetes 
experts, endocrinologists, immunologists, internists, and experts in infectious diseases. 


PARTIAL CONTENTS: The State of the Art of Transplantation. 
Cellular and Molecular Mechanisms. Clinical Transplantation. 
Current Controversies in Transplantation. Progress in Transplan- 


Also available! A valuable compendium on 
present day knowledge of the 
Pharmacological Aspects of Cyclosporine! 








tation. Immunobiology. Regulation of Antigen Expression. Im- CYCLOSPORINE: 
munogenics and Histocompatibility. HLA Matching and PHARMACOLOGICAL 
Transplant Survival. Experimental Transplantation. Experimental ASPECTS 
Transplantation of Islets and Endocrine Tissue. Clinical Edited by 






Transplantation: Kidney. Living Donors. Clinical Transplantation: 
Other Organs. Pancreas and Islet Cell Transplantation. Bone 
Marrow Transplantation. Clinical Bone Marrow Transplantation. 
Transplantation Today and Tomorrow. 

1987, 3,000 pp., Three volume set (not sold separately) $298.00 


ISBN: 0-8089-1855-9, Order Code: 791951 
G&S) GRUNE & STRATTON, INC. Harcourt Brace Jovanovich, Publishers 
Attn: Promotion Dept., Orlando, FL, 32887-0430, U.S.A. 69057 
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Barry D. Kahan, M.D., Ph.D. 
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RETROVIR’ (zinovunine) Capsules 










WARNINGS). 









ARC PATIENTS (SEE “INDICATIONS AND USAGE"). 


INDICATIONS AND USAGE: Retrovir Capsules are indicated tor the management of certain adult patients 
wilh symptomatic HIV intection (AIDS and advanced ARS) who have a history of cylolagically confirmed 
Pneumocystis carini pneumonia (PCP) or an absolute CD4 (T4 helperinducer) lymphacyte count af less 
than 200/mm3 in the peripheral blood before therapy iS begui 

This indication is based primarily on the results of a randomized. double-blind, giacebo-controiied inai 
conducted at 12 medical centers in the United States in which 281 patients with AIDS or advanced ARC were 
studied for an average of four and ahalf months Additional data have been collected on approximately 80% 
of these patients who have received zidovudine in an open-label extension of this tnal tor an average of five 
more months 


The patient population of the controtied tnai consisted of 150 AIDS patients (65 Betrovir and 7S placebo} 
who had recovered from their first episode of PCP diagnosed within the previous four months. and 121 ARC 
patients (59 Retrovir and 62 placebo) with multiple signs and symptoms of HIV infection including 
mucocutaneous candidiasis andor unexplained weight loss {= 15 1Ds or» 10% of prior body weight} Al 
patients had evidence of impaired celular ammunity with an absence of delayed cutaneous Hypersensitivity 
and a decreased number of CD4 (74) lymphocytes in the peripheral cireulaton. Two hundred twenty-one 
{79% of all patients} had lewer than 900 T4 calis-mms3 at entry (95% of AIDS patients and 37%. af ARD 
patients}. Ail patents began therapy at a dase of 250 mg every A hours around the clock. This dosage was 
reduced or temporaniy or permanently discontinued if serous marrow toxinity occurred The trial was 
stopped because of a significant reduction in mortality betore ail patients had completed the planned 24 
weeks of treatment. There were 19 deaths in the placebo group and 1 in the Retravu group {P GOTI Al 
deaths were apparently due to opportunistic infections (O1) or other complications of HIV infection 
Treatment duration ranged from 12 weeks to 26 weeks, with a mean and median duration of 17 and 18 
weeks. respectively 


Retrovir aiso significantly reduced the risk of acquiring an AIDS-detining Ol in patients after 6 weeks ol 
treatment {p< O01). in addition. patients who recewed Retrovir generally did better than the placebo group 
in terms of several other measures of efficacy including performance level. neuropsycmatnic fucken. 
maintenance of body weight and the number and severity of symptoms associated with HIV infecuon A 
modest increase in mean CD4 (T4) counts was seen in the zidovudine group hut the signticance of ins 
finding is unclear as the CD4 (14) counts declined again m some patients 

The mast signiicant adverse reaction noted in the study was a depression of formed elements in the 
peripheral blood, which necessitated dose reduction or drug discontinuation in 49 of the 144 (34%5} 
patients receiving Retrovir, Of those participants whose baseline CD4 {T4} lymphocyte counts were jess 
than 200. 47% of those receiving Retrovi and 10% of thase receiving placebo developed 4 granulocyte 
count of . 750-mms. Similarly, 45°. gt Retrovir recipients and ordy 14% af placebo recipients had 4 25% oF 
greater reduction in hemoglobin. (See ADVERSE REACTIONS } * 


At the conclusion of the placebo-controlled tral, 127 Retrovir recipients and 100 placebo recipients elected 
to enroll in an uncontrolled extension protocol in which ail patients received Retrovis at a dose of 200 mg 
every four hours This dose was chosen because of concern about cumulative hematologic toxicity and 16 
allow for greater flexibility in dosing. Over the subsequent five months, opportunistic infections continued 
to occur and additonal patients died in both groups Sixteen patients from the orginal placebo cohort died 
after the conclusion of the controled trial Four of these 16 never received Retrovi and seven expired 
during the first month of therapy Ten additional deaths occurred among the origmal Retrovir recipients 

With respect to these data, termination of the controtied tral precludes direct comparisons ct mortality and 
morbidity between the original placebo and drug recipients Long-term follow-up of these patients, 
however. will allow for examination of the natural history of proronged aidovudine therapy 


CONTRAINDICATIONS: Retrovir Capsules are contraindicated for patients who have potentially ifa-threat- 
ening allergic reactions to any of the components of the formulation 


WARNINGS: Zidovudine has been carefully studied in limited numbers of seriously ili HIV-infected palients 
treated for a limited period of time Therefore, the full safety and efficacy profile of zidovudine has not been 
completely defined. particularly ss regard to prolonged use, and especially m Hiv-infected indniduais who 
have less advanced disease. 


Zidovudine should be used with extreme caution in patients who have bone marrow compromise evidenced 
by granulocyte count = 1000'mm3 or hemoglobin = § 5 q/di tn the placebo-controlied study, anemia and 
granulocytoperma were the most significant adverse events observed (see ADVERSE REACTIONS) 


Significant anemia most commonly occurred aftes4 to 6 weeks of therapy and in many cases required dose 
adjustment, discontinuation of zidovudine. and/or blood transfusions. Frequent (at least every 2 weeks) 
blood counts are strongly recommended in patients taking zidovudine. if anemia or granulocylopema 
develops. dosage adjustments may be necessary (see DOSAGE AND ADMINISTRATION) 


Coadministration of zidovudine with other drugs metabolized by glucurandation should be avoided 
because the toxicity of either drug may be potentiated (see Drug Interactions under PRECAUTIONS} 
Zidovudine recipients who used acetaminophen during the controled trial had an increased medence of 
granulocytopenia which appeared to be correlated with the duration of acetaminophen use. 


PRECAUTIONS: 


General: Zidovudine is eliminated from the body primanly by renal excretion following metabolism in ihe 
liver {glucuronidation} There are currently no data available concerning the use of zidovudine in patenis 
with impaired renal or hepatic function. and such patents may be at a greater risk of toxicity from 
zidovudine. 


Drug interactions: The interaction of other drugs with adovudine has not been studied in 2 systematic 
manner Coadmunstration of zidovudine with drugs that are nephrotoxic. cytotoxic. or which interfere with 
RBC WBC number or function ieg. dapsone. pentamidine, amphotencin B, fucytosine. VINGHSUNE, 
vinblastine, adriamycin. or interferon) may increase the risk of toxicity. Lemited data suggest that probene- 
cid may inhibit glucuronidation andor reduce renal excretion of zidovudine. In addition. other drugs {6.9 . 
acetaminophen, aspirin, or indomethacin) may competitively infibit glucuronidation (see WARNINGS} 


Some experimental nucleoside analogues which are being evaluated in AIDS and ARC patients may affect 
RBCAWBC number or function and may increase the potential for hematologic toxicity of ndovudine Some 
experimental nucleoside analogues affecting DNA replication antagonize the in vitro antiviral achvily of 
zidovudine against HIV and thus, concomitant use of such drugs should be avoided. 


Some drugs such as trimethoprim-sulfamethoxazole. pyrimethamine. and acyclovir may be necessary for 
the management or prevention of opportunistic infections. inthe controled trial, increased faxicHly was nol 
detected with limited exposure to these drugs However, there are two published reports of neurotoxicity 
{one of protougd lethargy and one of seizure) associated with concomitant use of zidovudine and acyclovir. 


Carcinogenesis, Mutagenesis, impairment of Fertility: Long-term carcinogenicity studies of zidovudine 
in animals have not been completed However. it an in vitro mammalian cell transformation assay. 
zidovudine was positive at concentrations of 0.5 pgm! and higher. 


No evidence of mutagenicity (with or without metabolic activation) was observed in the Ames Salmonela 
mutagenicity assay. In a mutagenicity assay conducted in LOI78Y:TK >> mouse lymphoma celis. zdovu- 
dine was weakly mutagenic in the absence of metabolic activation only at the highest concentrations tested 
(4000 and 5000 pgm). in the presence of metabolic activation, the drug was weakly mutagenic at 
concentrations of 1000 paimi and higher. In an ia vitro cytogenetic stedy performed i cultured human 
lymphocytes. zidovudine induced dose-related structural chromosomal abnormalities at concentrations of 
3 agmi and higher. No such effects were noted at the two lowest concentrations tested 0 3 and t pagimi. 
Pregnancy: Pregnancy Category C. An oral teratology study in pregnant rats using doses up to 20 times the 
human dose has revealed no evidence of harm to the fetus due to zidovudine. itis not known whether 
zidovudine can cause fetai harm when administerec to a pregnant woman OF Caf affect reproductive 
capacity. Zidovudine should be given to a pregnant woman only if clearly needed. 





WARNING: THERAPY WITH RETROVIA (ZIDOVUDINE) IS OFTEN ASSOCIATED WITH HEMATOLOGIC TOXICITY INCLUDING GRANULOCYTOPENIA AND SEVERE ANEMIA REQUIRING TRANSFUSIONS (SEE 


IN ADDITION. PATIENTS TREATED WITH ZIDOVUDINE MAY CONTINUE TO DEVELOP OPPORTUNISTIC INFECTIONS (01S) AND OTHER COMPLICATIONS OF THE ACQUIRED IMMUNODEFICIENCY SYNDROME (AIDS) 
AND AIDS RELATED COMPLEX (ARC) CAUSED BY THE HUMAN IMMUNODEFICIENCY VIRUS (HIV). THEREFORE. PATIENTS ON ZIDOVUDINE SHOULD BE UNDER CLOSE CLINICAL OBSERVATION BY PHYSICIANS 
EXPERIENCED IN THE TREATMENT OF PATIENTS WITH DISEASES ASSOCIATED WITH HIV THE SAFETY AND EFFICACY OF ZIDOVUDINE HAVE BEEN ESTABLISHED ONLY FOR CERTAIN ADULT AIDS AND ADVANCED 







Nursing Mothers: Itis not known whether zidovudine is excreted ir human miik Because Many drugs are 
excreted in human milk and because of the potential for sermus adverse reacuons from zidovudine in 
norsmg infants. mothers should be mstructed to discontinue narsang if they are recewing wdovudne 
Pediatric Use: Safety anc effectiveness in children have not been established 

ADVERSE REACTIONS: The most frequent adverse events and abnormal laboratory values reported in the 


placebo-contralied chnical tral of gral zidovudine admunstratias ir 281 patients i144 patients zidovudine, 
137 patients placebo) were granulecytopema ang anemia. The occurrence of these hematologic toxicities 


was inversely related to CD4 (74) lymphocyte number hemogiebis. and granulacyle court at study entry, 


according to the patients’ CO4 (74) levels 1s shown in the following table 
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Because many patients were anemic and/or granulocytopenie before starting therapy with zidovudine, 
examining the degree of change when compared to baseline. as shown In Ine tae Delow, may be more 
informative 



























a i Pretreatment CD4 (14) Levels | 
| 200m omms | 
a 4 | > Decrease eoe Ce a a T E 
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sona a | ine 113) e e 

Granyiocytopenia 50° 55% 19% Ay | 13% \ 
| Anema 45% a rT ee ben 10°; 











The anemua appeared to be the resuit of smpaied erythrocyte maturation as evidenced by increasing 
macrocytosis (MCV) while on drug 

The 281 patients treated in this controlled trial had serious usderiying disease with multiple baseline 
symptoms and climeal abnormalities. The following lable surmmarzes those reported clinical adverse 
events which occurred im at feast 5% of ail patients treated with zidovudine. Severe headache. nausea, 
insomnia and myalgia were reported at a significanty greater fate in Adavudine regimens 


Percentage (s) of Patients with Ciricai Events 


| PEE EE Fdovudine | Placebo | [Zidovudine | Placebo | 


















| | 
| in. ida} | im t3 | in. HM) i 
| Adverse Event j a da | Adverse Event L E | 
| BODY AS A WHOLE MUSCULOSKELETAL | 
Asthenia 19 18 | Myalgsa 2 
Diaphoress 5 4 NERVOUS | 
Fever 16 12 Dizziness | å 
| Headache | 42 | 37 insomnia i | 
| Malaise | 8 | 7 Paresthesia 3 | 
| GASTROINTESTINAL | Sommaience 9 | 
Anorexia g [RESPIRATORY | | 
| Diarrhea 18 Dyspnea 5 3 
Uyspepsia | 4 skin 
| GI Pain | 19 | Rash 17 15 
ae "| SPECIAL SENSES 
[A USNO | Taste Perversion 5 | ë | 











Cunicai adverse events which occurred in less than 5% of all patients treated with Zidovudine are listed 
below. Since many of these adverse events were seen in placebo-treated patients as well as zidovudine 
recipients. they may not be attributable to the drug. 
Body as a whole: body odor. chills. edema of the lip, flu syndrome, hyperalgesia back pain, chest pain. 
lymphadenopathy. 
Cardiovascular: vasodilation. 
Gastrointestinal: constipation, dysphagia. edema of the tongue, eructation. flatulence, bleeding gumis, 
rectal hemorrhage, mouth ulcer. 
Musculoskeletal: arthralgia, muscle spasm, tremor, twitch. 
Nervous: anxiety, confusion. depression, emotional lability, nervousness, syncope, loss of mental 
acuity. vertigo. 
Respiratory. cough, epistaxis. pharyngitis, rhinitis, sinusitis. hoarseness. 
Skin: acne. pruritus. umicaria. 
Special senses. amblyopia, hearing loss, photcphobia. 
Urogenital: dysuria, polyuria, urinary frequency, urinary hesitancy, 
DOSAGE AND ADMINISTRATION: The recommended starting dose of Retrovi (zdavudine) is 200 mg (Iwo 
100 mg capsules} administered orally every four Bours around the clock. 


Hematologie toxicities appear to be related to pretreatment bone marrow reserve and to dose and duration 
af therapy. Careful monitoring of hematologic indices every two weeks 1S recommended to detect serious 
anemia of granulocytopenia. in patients with hematologic coxigity, reduction in hemoglobin May occur as 
early as 2 to 4 weeks, and granulocytopenia usually occurs after 6 to 8 weeks. 


Dose Adjustment: Significant anemia (hemoglobina of =< 7 5 gel or reduction af 25% of baseline) and/or 
significant granulacytopenia (granulocyte count af 750mm ar reduction of -50% from baseline) may 
require a dose interruption until some evidence of marrow recovery is observed. For less severe anemia oF 
granulocytopenia. a reduction in daily dose may he adequate. in patients who develop significant anemia, 
dose modification does not necessarily eliminate the need for transfusion. if marrow feeovery occurs 
follawing dose modification. gradual increases in dose may be appropriate depending on hematologic 
indices and patient tolerance. 


k Burroughs Wellcome Co. 
Research Triangle Park 
Welicome | North Carolina 27709 
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Large regional blood center 
with active research programs 
seeks M.D./Ph.D. with strong 
investigational interests, to 
develop a research area along 
with some clinical / operational 
responsibility. Several medical 
school collaborative research 
and teaching programs are 
ongoing and a university 
appointment can be arranged. 
Respond to: 


JCO Box 10 
P.O. Box 308 
Park Ridge, NJ 07656 





FELLOWSHIPS IN BLOOD BANKING. Applications are 
being accepted for training beginning July 1, 1988 in the 
joint program of the New Jersey Medical School and 
University Hospital of the University of Medicine and 
Dentistry of New Jersey (Eric J. Wake, M.D., Director of 
Blood Bank and Blood Bank Residency Training Program), 
and the North Jersey Blood Center (Harry L. Taylor, M.D., 
Medical Director). Trainees will receive instruction and 
have opportunities for basic and applied research in immu- 
nohematology, immunogenetics, transplantation immu- 
nology, hemostasis, transfusion therapy, pheresis proce 
dures, automation, and computers in immunchematology. 
The trainees will participate in teaching activities and 
administrative aspects of blood banking, and ward rounds 
and administrative meetings. Must be eligible/certified in 
Clinical Pathology or other primary specialty board and 
eligible or licensed to practice medicine in New Jersey. 
Send resume to: 


Stanley J. Robboy, M.D. 

Professor & Chairman 

Department of Pathology 

UMDNJ-New Jersey Medical Schoo! 
_ 185 South Orange Avenue * 

Newark, New Jersey 07103-2757 


For information call: Eric J. Wake, M.D., (201) 456- 
4083. An Equal Opportunity/Affirmative Action Employer 
m/f/h/v. 
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DIRECTOR 
HEMATOLOGY/ONCOLOGY 


Full time position as Director of Hema- 
tology Oncology in a large Urban Teach- 
ing Hospital Affiliated with the Univer- 
sity of Medicine and Dentistry of New 
Jersey. Successful candidate will be 
Board Certified in the Subspecialty of 
Hematology or Oncology or both. Re- 
sponsibilities include Teaching, Clinical 
Practice, and Research. Please send CV 
to: 


Hematology Oncology 
Search Committee 
United Hospitals Medical Center 
c/o Office of Medical Affairs 
15 South Ninth Street 
Newark, New Jersey 07107 








ACADEMIC 
HEMATOLOGIST 


Full time tenure track position for faculty 
member to develop bone marrow trans- 
plantation program. Duties will include 
teaching medical students and house offi- 
cers, independent research and superior 
clinical care. Academic rank appropriate 
to qualifications. Must be board certified. 
Competitive salary. Send c.v. and letter of 
interest to: 


Joseph C. Allegra, M.D. 
Professor and Chairman 
Department of Medicine 
University of Louisville 
Louisville, KY 40292 

EEO/AA 





The Department of Hematology/Oncology, 
Children’s Hospital National Medical Center 
invites applications for the following positions 

from qualified candidates: 


Bone Marrow Transplantation Physician. An 
MD with certification in Pediatrics and either Immu- 
nology or Hematclogy/Oncology and experience in 
clinical BMT is being sought. The candidate should 
have demonstrable capabilities in productive labora- 
tory and/or clinical research. 

Transplantation Immunologist. A scientist 
(Ph.D. or MD) is being sought to join the BMT program 
to collaborate in developing investigative ap- 
proaches to current controversies in bone marrow 
transplantation. The candidate should have signifi- 
cant research experience anc demonstrated scho- 
larly productivity. 

Oncologist. A pediatric hematologist/oncol- 
ogist (BC/BE) with interests and expertise in both clin- 
ical and laboratory investigation, preferably in the 
biology of solid tumors. 


Selected candidates would receive appropriate 
academic appointments in the Department of Child 
Health and Development, George Washington Uni- 
versity School of Medicine and Health Sciences, and 
salaries commensurate with qualifications and expe- 
rience. Candidates shouid send letter of interest and 
CV to: Gregory H. Reaman, M.D. . 

Chairman, Hematology/Oncology 

Children’s Hospital National Medical Center 

144 Michigan Avenue, NW. 

Washington, D.C. 20010 





HUMAN GENETICS 


Bruce L. Evatt, M.D., Director, the Division of 
Host Factors, Center fer Infectious Diseases, Cen- 
ters for Disease Control, invites applications for a 
research scientist in molecular genetics. Individuals 
with research interests in hematopoiesis or stem cell 
differentiation are particularly encouraged to 
apply. Responsibilities include the development and 
execution of program plans in coordination with the 
Division Director. A fully equipped laboratory and 
technical staff are provided. Prefer candidates with 
a Ph.D. and/or M.D. and a minimum of two years 
postdoctoral experience in molecular genetics. Sal- 
ary ranges from $38,000-$72,000 depending on 
qualifications and personnel systems. Applications 
including curriculum vitae, a statement of future 


reseafch interests, and the names with addresses of 


three references should be sent to: Sharlyn L. 
Wilkinson, Personnel Management Specialist, 
CDC, Bldg. 1, Room 1058, Atlanta, GA 30333. 
Applications must be received by March 15, 1988 to 
receive consideration. 


CDC is an equal opportunity employer and has a 
smoke-free work environment. 
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LEUKEMIA RESEARCH 
FOUNDATION GRANTS 


The Letkemia Research Foundation, Inc. announces 
funds are available to support research in the field of 
leukemia. Currently two types of grants are being funded: 
research grants, and postdoctoral fellowships. 

The following guidelines apply: 


1. Maximum limit is $35,000 for research grants, and 
$20,000 for postdoctoral fellowships. 


2. Grants and fellowships are for a one-year period. 


3. Institution of affiliation must provide both a report of 
the results of the research and a financial report. 


4. No funds shall be applied to institutional overhead 
(indirect costs). 


5. Preference will be given to researchers new to this 
field. 


6. Deadline for receipt of completed grant applications is 
Februery 22, 1988. 


For further information and for applications, contact: 
Hollis R. Brownstein, Chairman 
Medical Advisory Committee 
Leukemia Research Foundation, Inc. 
899 Skokie Bivd., Suite LL 14 
Northbrook, Illinois 60062 
Phone: 1-312/480-1177 


Georgia—The Section of Hema- 
tology/Oncology, Department of 
Pediatrics, Medical College of 
Georgia is recruiting a fourth 
faculty member at the assistant/ 
associate professor level. Board 
certification in pediatrics and sub- 
board eligibility/certification in 
pediatric hematology/oncology 
required. Responsibilities include 
patient care, teaching, and 
research. The ideal candidate 
would have research interest in 
leukocyte or coagulation disor- 
ders. Contact P. Charlton Davis, 
M.L., Chief, Pediatric Hematolo- 
gy/Oncology, Medical College of 
Georgia, Augusta, GA 30912-3770, 
Phone (404) 721-3626. EOE/AAP 
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50% of our nation’s blood supply is donated through the American Red Cross. 


Much of it comes from blood drives set up by companies just like yours. 
So if you close your doors on our collection agency, you're closing the 
doors on fellow human beings who need blood to live. 

Don't slam the door. Call the Red Cross. 

And arrange a blood drive tailored to your company. 





American Red Cross 
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Not for diagnostic or human use. 


S 1900 Oak Terrace Lane, Thousand pag CA91320 
Toll Free 800-343-7475 In California eat 
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More Convenience s su rt 
. The Extended Storage Platelet esp Pack is the er . Te) 
oniy single venipuncture, five-day platelet Call Haemonetics today, andwetiiei ,  / 
collection system. That means simpler you more about it. = n£ 
apheresis, less donor anxiety and fewer donor The new Extended Storage Platelstesp ~~! 
deferrals due to access limitations. In addition, Pack from Haemonetics. More ofwhat = 


it eliminates the platelet resuspension exercise. you need... and one thing less. 


a 


'4AEMONETICS CORPORATION Experience . . . that counts. 
400 Wood Road, Braintree, MA 02184 (617) 848-7100 


